S 4 FE A VF —FiadE s BN R ICE T 2 HEFHE
TR X — RIS 5 HALT AL ¥ B 2
IZ1% 5 A

2023 4E 3 H

— A EE AN H AR v ¥ —RE IR



HX
1 AT A X —EH R DIEE e 1
L L T R et ettt ettt et e te et et eete et e te et e eteeaeereennas 1
1.2 BB DA oottt 1
1.3 FERITE & R 2 2 I oot 3
Lo BTFZZTET oottt ettt enne 4
1.5 BT R D RTER oottt ettt ettt enn s 6
28 BORGREA~ ORI RI 22X IETR DFEET oo, 12
2.1 TRV DR FEAUERIR ..ottt aeas 12
22 TANF—LHBELEOMRF — (i) ACFEZE - 20
2.3 JEEEMFITH oottt 32
2.4 ALTIRBED IEIEZEAL ovveeeeeeeeeeeeee ettt aenas 40
B3 HAD T A F = BUR N DIE S et 48
3.0 F A Y DB c.coovoeeeeeeeeeeeeeeee et aenas 48
3.2 HARD I A F = BN DB S oo 51
8k 1. A DIRZEICIRIE <.ooeoeeeeeeeeeeeeeeeeeeee ettt 53
2. ZANF—LHBEEDOBIKF — (i) LFEZE -, 126
B 3 FEERFIH oottt 171

% 4 . ACEBREED IR FEAL oot 219



H18E HMZALF -ZHEERN0EE
1.1 &%

2020 4£ 10 H. HAF 2050 FoH—Fv=a2—F IADEHHIET L 2 KWL 7=,
2021 4F 10 HICEERE T 725 6 KT 4 L ¥ —EARZHE TlE. 2030 EFE O ERN R A R
PEHEIS % 46%H1IK S 2 HIE O BT 72 = 4 v F —BOROEM 2 /n < BOEIE
FEEOTWE, 2050 FEFOH—F v =a—F TALDEHRITWS T AL FLNARBET
B %, BONE O EINC M 7285 Oiam- L BHLIZ I IC D Wik & T A TH 2 A, BN oK
WEB 2 H BB LoD, FMeOREUCHKIKL T T e REETH 5,

FAYTid 2010 FIch Bz AL ¥ —E0EY 2R L[ ZA LY —avie T}
ZPRGEL, BIEIX, A AL F— L HERT AL F —OF|HIEK ZH0ic LT 2045 £ ¥
TIA—Rv=a—rIV%EKTIL 0 HEXBT, A LF—EHICHY HA TW
%, MEICHEWTVIGOENIEH 223, e A v F—irfic iy it ¥4 & ZEHEG A
D B~ BRI ALF—)TIE, 2016 FICHAK I P A VDAV F—HMRH» D 7%
5 Hhx A ¥ —ZHEES (HMFFES) ZEL, eI AL F — - Ho AL ¥ —
FomEcIET 2BORREZ P LICGEREED,. HRDO T AL F—BOR % ) - KT
%9 2 CHERERHLE - INEETT-oTE /2,

A 3 EE O HMEFERS Tk, SMEEOMRF(LT 7 n —F CHBH 2 EOE LD
FREAICE T 258, Rz ALV -2 F ) ARSI 2 8Gm0 7k S iz, i, o
FCORMERE 2 Clin 2 L X & 2 N2 fEE. BARMICIZEI e b IciE % iz 21
KRB oEYOMiRER, BERE T2 2 &8 L WEE (2 1 $bpEE) olath s
BEEINT V2, &5 Licifamz il 2 e & HEMRB CED 2 & & I, BORH Y E oG
NEFRRI T LERD B,

AFEI, UL X5 2iEREZEL T, HAOEBIN 22 40 ¥ —Higif - BB icm g
RO HEEICEHERT 2 2 L ZHME LT3,

1.2 ke DA

ARSI HMIT o LFFRR 2 EHIC, 2N ZhiGEE O 5, BRI, BRI
HAR T 2L ¥ —8FIERT 25, F A4 1% Ecos Consult 3 X If Wuppatal Institute for
Climate, Environment and Energy 230 5 , WRAVigamz 179 HYA 6. BEICITHM 28
DRI HERIEFEL T D,



B kA

BREEFEY FiE HEHiEE- SRTTEhE (BMWEK)
EE TR ED i £ Stefan Thomas
B F75 (05 : ECOS Consult

HE MEETAE BEE (s ELAE) Kathrin Goldammer Harry Lehmann
EEE E—(EEJ) miE EE (IGES) Andreas Loschel Felix C. Matthes
f I (EEAE B B (R Manfred Rauschen Carsten Rolle

Miranda Schreurs

-1 FFake o

11 FREDA Y=

He (A%

SFEE ED HA T A v ¥ —REFICAT

Stefan Thomas Wuppatal Institute for Climate, Environment and Energy
AR

M AR

HEE KRG BEIGR S

N — HAR T A v F —8EF T 92

ST S S HOERER S RIS AT SE AR

I RRA:

B RRIE RERA:

Kathrin Goldammer Reiner Lemoine Institute

Harry Lehmann PTX Lab — Lausitz

Andreas Loschel University of Miinster

Felix C. Matthes Oeko-Institute

Manfred Rauschen Oko-Zentrum NRW

Carsten Rolle Federation of German Industries (BDI)

Miranda Schreurs Bavarian School of Public Policy; Technical University of Munich

50%F. TA7 7~y FHE, W,
HiARF © HAZ 3 v ¥ — BFET AT



1.3 EfEFEIEE X7y 2 —
SRS O T RiEENL. BB ORE L BT 2 Eimo Eii, EEOIER, £ L T
AT —J RN R —tDala=sT—avThHb,

et
8
8-

T« HART o 5 — R FEATE A
X 1-2 FFks o RiEgH

2022 FEEEIIRICE T BIEB 21T o 7. HFAK CHIRS 2 AR AL IC B W T HMUT
HE IO EFONTICET 2#EMmE T2 2 LA, HFEEEOREE2 vV 2 € F —
LWV TETHRIG, Himxk T o7z $7z. HEER L OB EZT V. XVRAL =4 F —
HRAIC 4R 2 Gfkam & Mt L 72



F21-2 2022 FFEEOILENEE

[l PR A E

Yo — 2022 4 11 A 2021 FFEFEO BERIRE

ay7/v 074 FEEFOREDE
ks (20 1) 2021 4 11 H 2022 4FFERFSEETE O 33

ay7/v o T4 FEEFOREDE
VoS — 2021 4 12 A COP27 D i

I AV X — BRI o filE O R
ks (20 2) 2022 £ 3 H WFFE R O R

PEFES () & oA

T = HAR = A4 —REFEDT LT K

1.4 WFFE0 By

AR DNETE L 2 B Bt [ oM R [ = 2L ¥ — % B FEE DB HL
- fbfbsE - TEEFIN]) MbaBEtoliiFRl] © 4>Th 2, WEo BiYIZ. HIREE
DBH ORI A0 6 EUE D T 8T, 5% ZNENHE DO T 4 V¥ - fE D
BEHET ) A CHBERARBREGL LD D, D720, MEPIEL TRVEILE
DIEANEITN T WV B,

WFZEIZ HIh AL M CHEME L 72134, FFai I BT 2O R b KL T 3,

BY o ik R
(Strategies, concepts and measures for decarbonizing the building stock by 2045/50)
WIETHARL, A—FRv=a—F I (CN) OEFICHET TIZE D MR FH AR
RCTH2, LrLZoFEmBRRWI Lo, EEMALIMEEMZMDL T, BFET @M 0%
< ALRFEHEED 2045 48 (F 4 ) %2050 4F (HA) 2 @A CHFELKT S 2 itk 5,
ToLE BREEREEMA T ACEY 2 S TRTEAD 2 LIk, ZCET 2R G R
DERLEHO D LBEN TR LA o THEEY & AT BURFL L T < A
fixed CEHE L 72 5, BEED BRI AT CIEBLR D 5L LW EWERE D 1) || #¥ds o @ih =R
b KEEREOKIE, 2N b Zfia LT 4L —FH R UKL LI A EA TV 2,
F 72RO flA DL L I3EY OERR D CO2 HEHHZ IR T 2 O TH - 7228, BIE
XY D T DI FAC & ATIED 2 5> &\ S EE# A o T b, BlziEay 2 ) —
b PR 1T 2 OELEPERE OFRIC CO2 2T 525, CN o FEBICH T Tz 2 b D
bl LTl cernkobnd,
ART—<TlE, MEOEELEY TOIANF —HBEOREEZMBLL 72 ¢, B0y
DIERFCICTNF 72H Y # A 2 I L. 2 ZnoEICH T2 BRIREZ £ L ® 7,




IANY—SHBELOBRRNL - (il (LFEE -

(Roadmap for climate-neutral petrochemical production systems)

gt 2 v b, (A LRy, BEEoh iz A F—HE0ENLL Ho 4 E
IS X MR FBOFELBRHA LI, £ 77 RF v 703 L7 KRG ORIEIC K
FVRETH DL, BEMiiD 2 ITRFICHRFL D — P& R s 5,

FA e EAE, Hicih e Chil) AL FEEESFEE L, w8 oG % LER H o6

Fhod st 5 2 & CHEORFEE ICKE CHEML TS, L2ALZD—J5T,

Cal) AL FEZE I EORENRA ADOPHICDTFE L T2 (% DREINES X %4
HLTw2), FA Y EHAKIRZNZN 2045 FL 2050 FFETOH—F Vv =2—+ FLHE
i T Cw s, (hul) (LEEEIMEOEE TR GEHE 2R L Th Y, ZOEE
AR L 2 O HFH R Z MR E CHI L T & v Mo CHREEARELZ R Ef T b
T,

K7 —=<TlE, mED Chil) (LFEEZB L 72 Ec, MEQRBRE S F Y A & iy
Ffri, ZnZhoEICH T 2BERIRE 2 £ L 07,

BEEIA
(The potential of waste heat usage in Germany and Japan)

H—ARyZa2a—F INDOERBCHAT TUIZANF R 2 RKRICE THDO ZLELD
5, FEEIZ DT o A CTRHIEY L LTRET 200 FIidhs s mikbiTlL
)L DHBREATH S, Tzl -FIHFT2 itk o T AN F—RRZHICHD,
FxAANF—aX L 25 E TS LAARTDH D,

HiclxBEIc ik~ BRI oL RICH T 2B fiAa R I T Y, 295 LEEH» S
WA OECHVRGL LN TE b, TP ITBEREICO VT, FHEFAHICHT
TeBANFAFE D RMA B Y | WE DR CTHIE 2T 2B e e V82, 2H LETER2LOART
—< Tl BWICEHATREED & 2 LY #l AP 2 8BS 2 & & T, H[[ T D KA TE D Ff
DOHREME AR Y . T BRI ORI T 72185 2 i L 72,

LR DR R

(Comparing the basic strategies of Japan and Germany against the energy crisis while aiming

to achieve their climate mitigation goal)

2022 2 QAR E 5 7em ¥ T OV 7 7 4 FREFEFRT A L F —HiICK & 2L 2 &
FRIL.HRL P4V 20 E 2 RECRZIT T, (LAREERKREw » 7 26 DOl
HIRAD IR e AR 0 ) 2 7 2@, LA E Offifs 2 K& (L BT
5, THANF—ERICER L T 3 HHUIE 4 DEITEICIE U TR~ AR 25 U T w2 25,
AR I EAREHRE 2 P S T2 25 wHEEL Lo T b, RILDLAMEHRE &
R ZRRFAREE ZBEA L2V X5 b R 525 (CAMEZ BREFM 3 5 £50iic X



STCZDYLVY~RBHELES,
KT —=Tld. HEAL FAVICBTF2HTOZ A ¥ —fak~oxtoz 8 L, BN 7
JRIREZEHIE & OBEICH T 72ERE2{T > 72,

1.5 RPia % otk
TTTIE, 2022 FEEICHE L ZFFEA PR T — 2 AL -2, V2 B F—DFERERE
& RO 112 $6585 5

O vxzbvF—201 (024F11HIH AV I4V)
16:30 Welcome by the GJETC Co-chairs
16:35 Presentation of Results from the Studies conducted in 2021/2022

1. The Role of Batteries towards Carbon Neutrality: How can

Distributed Electricity Storage contribute to balancing Supply and
Demand in Power Markets as well as in Power Grids?

Stefan Thomas (Wuppertal Institute) and Toshiya Okamura
(Institute of Energy Economics Japan)

2. Potential Roadmaps for Decarbonization of the Steel Sector
Thomas Adisorn (Wuppertal Institute) and Yoshikazu Kobayashi
(Institute of Energy Economics Japan)

3. Update on the Comparative Analysis of Long-Term Scenarios
discussing Decarbonization Strategies in Japan and Germany in
Times of Change
Lotte Nawothnig (Wuppertal Institute) and Hideaki Obane
(Institute of Energy Economics Japan)

4. Comment on BDI-Climate Path 2.0 and current Challenges for the
Industry
Carsten Rolle (Federation of German Industries, (BDI))

17:10 Implications of the War in Ukraine for the German / EU and Japanese

Energy Security and Climate Strategy

5. Input (10 minutes): On Current Japanese Policy & Outlook after
Ukraine War
Prof. Tatsuya Terazawa, Co-Chair of GIETC

6. Input (10 minutes): On German/EU Policy & Outlook after Ukraine
War
Prof. Peter Hennicke, Co-Chair of GIETC




7. Short comments
Prof. Jun Arima, Japanese Council Member (3 minutes)
Felix Matthes, German Council Member (3 minutes)

17:35

Discussion

17:50

Closing remarks

* RFZIE B A

@ FE#ESszol (202246 11A28H, 29H A v 74 Y)
1HH
17:00 Greeting address / video messages
Patrick Graichen, State Secretary, BMWK
Izuru Kobayashi, Deputy Commissioner, ANRE/METI
17:10 Words of welcome
Peter Hennicke and Tatsuya Terazawa
17:20 The GJETC’s study program 2022
Study 1: Strategies, concepts and measures for decarbonising the
building stock by 2045/50 (e.g. residential buildings)
Presentation of draft outline by Manfred Rauschen + Toshiyuki Kudo
(IEEJ) 10 min
Discussion
18:00 Break
18:15 The GJETC’s study program 2022

Study 2: Pathways to greenhouse gas neutrality for industrial sectors
that are difficult to decarbonise: the petrochemical/chemical sector
Presentation of draft outline by Clemens Schneider (Wuppertal
Institute)/ Dr. Susumu Sakai (IAE) (10 min)

Discussion

Topical Paper 1: Use of waste heat
Presentation of draft outline by Johanna Schilling (ECOS) (5 min)

Discussion

* RFZIE B A
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17:00

Energy sovereignty and decarbonisation with a short- and long-term

perspective

Tatsuya Terazawa, Peter Hennicke (each 10 min)

Key Question:

® What is the realistic pathway to reach the Net Zero in Germany,
Japan, and worldwide, especially in the global South?

® How can we speed up energy efficiency and renewable energies?

® How important is the decarbonization of fossil energy?

® How to handle distribution effects of temporarily rising energy
costs heading for just transition?

Miranda Schreurs, Andreas Léschel + Jun Arima, Yasumasa Fuji (each

side 10 minutes max.)

Discussion

18:30

Break

18:45

Suggestions for Innovation Roundtable
Input: Johanna Schilling & Stefan Thomas (ECOS / WI) (20 min)

Discussion

19:15

Outlook / Coordination of Dates

19:30

Expression of thanks and closing remarks by the Co-Chairs
Peter Hennicke

Tatsuya Terazawa

* IREZIIE HAIRE ]
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16:30

Welcome by the GJETC Co-chairs

Tatsuya Terazawa, CEO & Chairman, Institute of Energy Economics,
Japan (IEEJ)

Stefan Thomas, Director, Division Energy, Transport and Climate

Policy, Wuppertal Institute for Climate, Environment and Energy

16:35

Insights of the COP 27: Experts Reporting on the Outcomes of the
Conference in Sharm-El-Sheikh

Woltgang Obergassel, Co-Director, Research Unit Global Climate
Governance, Wuppertal Institute for Climate, Environment and Energy

Takahiko Tagami, Senior Coordinator, Climate Change and Energy




Efficiency Unit, Institute of Energy Economics, Japan (IEE])

17:00

Panel Discussion: How can cooperation between Japan and Germany
contribute to accelerating international climate mitigation and energy

transition efforts?

Moderation: Peter Hennicke, Principal Advisor of the GJETC

Stefan Thomas, German Co - Chair of the GJETC, Wuppertal Institute
for Climate, Environment and Energy

Takahiko Tagami, Senior Coordinator, Climate Change and Energy
Efficiency Unit

Institute of Energy Economics, Japan (IEEJ), Yasuo Takahashi, GIETC
Council Member, Institute for Global Environmental Strategies (IGES)
Kathrin Goldammer, GJETC Council Member, Reiner Lemoine

Institute

17:40

Closing Remarks from the Co-Chairs

17:50

Outlook on Upcoming GJETC Studies and Events

* IREZIIE HAIRE ]
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11:00

Greeting address / video messages

Izuru Kobayashi, Deputy Commissioner, ANRE Agency for Natural
Resources and Energy, METIT

Jennifer Morgan, Secretary of State, Federal Foreign Office

11:10

Words of welcome

Tatsuya Terazawa and Stefan Thomas

11:20

The GJETC’s study program 2022

Study 1: Strategies, concepts and measures for decarbonizing the
building stock by 2045/50

Presentation of study results by Toshiyuki Kudo (IEE]) / Mantfred
Rauschen (30 min)

Discussion

12:30

Lunch break

13:30

The GJETC’s study program 2022
Study 2: Pathways to greenhouse gas neutrality for industrial sectors

that are difficult to decarbonize: the (petro)chemical sector




Presentation of study results by Susumu Sakai (IAE) / Stefan Thomas

(30 min)
Discussion
14:45 Coftee break
15:00 Topical Paper: Waste heat utilization

Presentation of results by Johanna Schilling (ECOS) and Taro
Kawamura (IAE) (20 min)

Discussion

15:45 Open discussion on current political topics
Input presentation: Peter Hennicke / Mr. Sakai (IAE)

Open discussion

* IREZIIE HAIRE ]

2HH

10:00 Study topics for 2023 for the GJETC
Presentation of possible study topics (shortlist) by Lotte Nawothnig
(WI) and Ichiro Kutani (IEE]) (15 min)
Discussion

11:30 Coffee break

11:45 Topic for the Innovation Roundtable 2023
Presentation of possible topics (shortlist) by Stefan Thomas, Ichiro
Kutani and Johanna Schilling (15 min)
Discussion

12:45 Lunch break

13:30 Conceptual Talk
Timeline for 2023

Next stakeholder dialogue with young scientists
General discussion on prospective developments of the GIETC (e.g.,

formats, content, guidelines)

14:15 Closing remarks by the Co-Chairs
Stefan Thomas

Tatsuya Terazawa

* RFZIE B A
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15:30 Welcome
15:35 Closing the implementation gaps: Targets, visions and strategies of the
building industry (construction and equipment)

Statement of Keidanren concerning Carbon Neutrality Action Plan

(Hayato Sunaga, Senior Manager, Environment & FEnergy Policy

Bureau, Head of Challenge Zero Promotion Office, Keidanren)

Statement of BDI concerning Climate Paths 2.0 (Dr. Carsten Rolle,

Head of Department, Energy and Climate Policy Federation of German

Industries (BDI)

15:50 Results of the GJETC study on decarbonizing the building stock

Manfred Rauschen, Oekozentrum NRW / Toshiyuki Kudo, IEE]

16:05 Dialogue 1: Decarbonization of the building stock

Charir: Johanna Schilling, ECOS

Oral statements by selected participants (2-3 min. x 5) followed by free

discussion including council members.

1. Which policy framework is needed to effectively address existing
buildings/houses, 1ie., which policy instruments should be
combined?

2. Particularly, what kind of financial support (e.g., public investment
programs) is needed to foster (major) renovation of the existing
building stock?

3. Should policy foster renovation or demolition and new build, and
how to manage embedded carbon in both cases?

16:50 Break
17:10 Dialogue 2: New build of zero-emission buildings/houses

Charir: Prof. Toshiharu lkaga, Keio University

Oral statements by selected participants (2-3 min. x 5) followed by free

discussion including council members.

1. Which policy framework is needed and eftective to promote new
build of zero-emission buildings/houses?

2. How to reduce embedded carbon?

17:55 Closing remarks of the GJETC co-chairs

* RFZIE B A
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#2.1-1 #MAo CO2 P R B

Annual
emission
budgets in 2022 2027
million
t CO2eq
- 257 - -

Energy 280 . * . * . 108
Industry 186 182 177 172 165 157 149 140 132 125 118
Buildings 118 113 108 102 97 92 87 82 77 72 67
Transport 150 145 139 134 128 123 117 112 105 96 85
Agriculture 70 68 67 66 65 63 62 61 59 57 56
Waste and 9 9 8 8 7 7 6 6 5 5 4

others
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TONWHEMFAMEZEE L GFAME 112 MtCO2e, FE#E(H : 115 MtCO2e), 2030 4E
D7 2 —BESERDPEHL { o722 & &%1F, 2022 i GEG PHIEE N7z, BELIE
Tl. 2023 FFLARE OFEEREEYNIC O T TRRACHEYE 55| ~DEAEB 1 e b/, i€
Flx, BEE—RIANF —FREL2SRIELYIKED 75%I1CHIz 5 2 L BERHNT T o T
Wiz & T A YERIECHE R 55%ICH] & FIF 72, X 51T 2025 4E b I3 FTEEESEY) o HLiE
25 TRRALHEHE 40 i I N3 & & iT, 2024 4E 2> & (3 BEAFE O B D KHUE 72 S0 1
BOWEH T [ERLEEHE 70) c#EET 2 ko bns,

BAEREEI AL —FIHICOWTH, 2021 FFICHEREZ AL F—E2E L, 2024 4
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2 ORI ICERE S NBIEFEXED 65% U LR HEMREIANF —CHEIT 2 2 ko b
Niz, BELEBLEDE T, 2026 FYHED S 1. BEHA A vLCEACEBEZ REL e 5
28R4 7 —1F, BEVREZIANF—ICX2REBEFER VR E—EDOFNE L LIz 5H&
WCOBKBI &2 R TEEILEhd, MM EAERAN R - HilRA 7 — 0 RREixR
HARTIE. 2026 2> 5 30 A6 20 FEEICEM S L5,

X 5T, 2022 4F 4 HIcE#RE I N EEG R RN AL ¥ —ER Yo WEER %
Ny r =D L[4 =& =%y =y | o % H4ET7 HICHETED AL X —ED
WIEE N7z, HELEIC X D, 2030 FFORENHERICHD ZHAZ A VF —DEIAE %
80%ICED B & L7 (2021 fEME TR 42%),

Primary energy need semi-detached house — Heating [kWh/m?a]

300 ‘
; Minimum requirements

250 s (WSVQ | ENEV | GEG)

WsVo

1984 /
200 [Ng solar hb:Jses

i WSVO

150 [ Buiting practice |8 1298

\ EnEV

100 N M—— S — 2002 /2007
H Low-energy buildings e
i : : 2009

EnEV

EnEV GEG

SRS SO . | - ...2014 /2020 .. GEGi.... .
%0 Research / ~~___ Pasewe houses. ; A
(Demonstration projects) i Zero-heating energy buildings —. "
’ ; ; i -° IS e Ty ROUsE NZEB
© Fraunhofer IBP | H H ; i e ———
-50 ‘ ! : ST TUCRPRTE
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

HiFJT : Hans Erhorn, Head of Department of Energy Efficiency and Indoor Climate, Fraunhofer 1BP
X 2.1-1 —RITHNAF — B 0ZE

MBCZRDHTlE. BV D T 30 F =30 & HATREREADHIH D 72 0 D MBI A v
VT ATEY T u—vDHDEED 2005 £ iRt I N TV B R, YT e T LA
X 2021 4 7 A 1 HIcKBUE X 41, HTEL RN @Y 0 7- » 0#E4S (BEG)] & w»
5 ZPRICAH, BUFSCHEE D KIEICAR L Tw 3 (BESk © 59 20 [ — o /4E—>2021-22 4F -
#7150 2 — w1 /4F) . 58 b BUFSCHIBH IXIE K T ©.2021/22 F 0 #) 50 fE1— v /fEH b,
2026 FF T 120 fE~140 B2 —m /FF L 72 2 FIARTH %, LHIRIC D585 % 1, =4
VX =R OIEFE T EHTREY) ~ OB BEIIHIR S b —F . BEEEY O T 4L X —5)
RBEICFEL LR END, Pl T AN F—ERORD BOSHOEYOSIEICH 72 -
Tk, REZ 720 AV ¥ —EREGEAE Z A<, WPB *—F R (Worst-Performing-
Building-Bonus)) 258/ & 1, EEH D 10%3H#iBI4 & L <IN 2 TiE,

HIREIERR 2 1T 5 BRI LTd 2022 £ 11 H 1 HX W #ligh@nSfbans c &z
7zo HBIEIINRIEE D 90%IHHY L, MBURIC S 72 B IR -C18 R o FE5#H 1< 1d,
100% D HiBIE A Zihb 5,
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—7J. BRIZEB W T, 1970 £ 0 o AMmaHE 2 Ic. =40 ¥ — o 7 f|
&SR, 1979 FiCE T 2 EDSHIE S Nz, FREIZHIE LT 40 ¥ —% 8
B Ch 3 TEFMCHEET M OB T2 2 RIET 2 2 L ICHEBEINT WD, ZDHBA
BEEB~DOEMROEE W -CH KT 2 TA VX —HERICHLT 2 720, FKETRM P ELH
b RICEE N,

1997 SFICHAHEEE SR E NS &, HARIZREDE T AR EEZEZR T 5720,
ICRA - GEEERM OB T AR E LT, 1998 SEIC b v T v F—HESEA T N, MK
HIEE X, FHEE 2 RE L 2R i BT Iib MmO R oESREFolE B 2 L HIEL
Licm i Ric ko Tk b,

FIEEALYNIFEHECZ 7 2 5% 11 B H2 O L7205, ZOBNREEZEP L,
BITE 32 S EBNR E o T 2, BMAITICBIL T, M+ v 777 v — il o et 4
DT, FEOHDOHEAD D 6, 7THEID [BE, KIE, IR, BHOER] thoTwbdzehn, W
B iR, RiA7 72 F v 27 R%). B By, HEN 7 2) % 2012 £ X Y FAFIE O
fe L., 2022 £ HEGER Z HIFEL T\ %,

#21-2 by 77 vr—HlERRME

by 7S —HERREE

BEIXLF—EEssssdnc328888RELTVET.
Y EEA ®VTR o BHEES o7 9—
% =P OBIAEM OTES OB BKME
o REEA OB AM ® v —iR1EE (E—h#> TR E)
eFLY ezZr—7 eRTFLLY SIRBMER
e EEH ® 1 A WIS ®DVDLI—5— Ld b
e BFHEM @ HAEABRE ONL-F1THE ®>a=r=2
oHEFAIRE © GimiE ks @ ATYFLTHME iR
Y UELL o mAME omaH Y 2
eWEH S

tﬂﬁﬂ : i’é%}ﬁ T Z“ L F — ﬁ:\ https://www.enecho.meti.go.jp/category/saving_and_new/saving/assets/pdf/enterprise/enex2020/shiryol.pdf

FLLA A VF —HEREPHN L T 2 BEEEF I~ DA 728 = 4 v ¥ — i SR %
HEJE LT, 2015 FICEEYAE = A EPHIE S N, REDORHO—D L LT, ikzD
BEDPHENFEHICH T > CoZzE T 4 2 | IEIRIRE 2,000 mf DAL DIFET DR - i
ATOIBET I L CHARB ML, T4, FEfEL L. AoaEfER Lozoo
i REL 722 L ClREOEEYOIKAEEZ B 256, OO EZAREATE LW,
PEREM] LRHEREE - AR A — A R EE G FORHIEE S E A L 72, 2009 FF X D H 4
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FEOTTIHRES72FEEL vy 77 v F—HIES BT A ED» O G X EREEEE DT X Rl
FZILTF T T e oz,

2020 4, 2021 FFIcFE I N (2050 EH —FKR vy =2—F FAES] KU 12030 4 46%
HITR] %2320 C, 2021 FFICEZRE. HES., BREAGHRCET - Y cog 40K o
o—F=y 72D b7, Y%u— N~y 72T, 2030 FEICHEEGFY o ZEB/ZEH
{t. 2050 fE3€ic 2 b v 27 ¥ C D ZEB/ZEH /KHEDE = 3 PERE# HEMR T % & 0 HEEAUR &
Nie, T, WA DHEDTT & LT, KEE - EHEMTClIE T 4 DK B, B - 84 b
v 77 v —HlE oMb, BT A ERERIR DY AR 7 & Gt DL E T ORRE
B 248 54, B A BALKe, WIFENE L L CORMAMMILR D EELfEE L L
<Y sz,

Zou—F=y FICEDWT, 2022 F 6 HICHEYE = 45 CREEIEL 2 & U BHE
DWIERfThI, AT AREEERFONRILRKPLEE L v 77 v F —HIEONRILKD
132>, HIBER TR L 7n o 2 FEFRET A L ¥ — D f, BT 4 HERERR Ot (B
RIBIT~DIEBEIE) . AW OFFIEHED 72 9 D B FEAHIFBF 2T DG T F i &~ DEF]
AEEEHIE S Al T T b,

(& = A HHEES BB ROIEA] (EE v 77 v F—HEZONRIEK]
- ar | i s
© PRE-FRUMEE - HRLERAE
s AL B - a _mET SR T _mET &y ik
2.30(0*5551 i%ﬁ?%_ﬁ BHEX iﬁmc:ﬁ_?% A ERPREE [4TH%~] _%;Lz?;ﬁiﬁ[élmi ]
pigig | EERE | mmawy ||| EARE | 5p - FRURREE - HALEREE
P -EXPRHE [2019.11~] SEXFREE [2019.11~]
g | REARE | RAEE BEEE | BEHH -EE7 b D019.41~] -EHTA=h [2019.41~]
(& =+ PEREFOR D HEHE] R i ]
e st o= - 3000mEBDXIRERENOD
T mnmar i nnazng . BELSE 2HEORELODE
AR ETS
A BAIS(EOIEE
BEEIORS{LO(EE

(BAAGRE _E. BIRERN)

HAT : EE2GEE . https://www.mlit.go.jp/jutakukentiku/build/content/001572929.pdf
2.1-2 BEEZEO ERWENE

2.1.4 g

HMCEWSHERD I, TAVF—OHETH 5, TNFmEOHE EofE IR L
T3, HAZ3a—oy SLEBHEICEREDE S L. LiEEIZA 2 ) 7ALERICHE T S
. 2Pt ELR. WMICE > Ti3db 7 7 ) A L RIEEIC R 5, 2 D AEREEH X
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N A4 3,500 - 4,000 HZaoicxf L, Hid 1,000 HEEETH 2, AOD 70%% 5o 2 B
BBV, PRI O EEAIE TS L0, HADETCREXZE L T 2L 7
2 THEY, ZDOERFEITIEEA EDKIFHIHERER L 75> T, JLFEUNTIE F A
VDXV I TIN =T 4 VT REALTWAIFRITIZLA LR,

i A
N
4 rcgl
.Magrm‘ o Hb’lﬁl
371 < X / .
Rl £ IS Valericia
Hasgaly Spain 3
Lisbon S N
B\ 7
§ i Setile A cranada Tunls
; oy . i
/- _omalagh’ PR
Jocohay e ¢ § Msha
g’
; 4
Rabat "
¥ Mediterranean Sea
o Tunisia
i Tripoli
Casablanc: \ PR F TS
<ladl 1| ) ol
_ & Morocco pr Wl \ 5
Manakesh " A
LR s &
Agadr e 3
k5] i \
»

; l - Algeria

Hifir: Italia Zanmai, 2016-7-26, https://italiazanmai.com/press/260716/
[(2.1-3  HA & WO

I AT AHETOENDED S, N4 YV TRIEETOELADBREFLEETH 5 DIk
L. BRCTRZ T 2 v 25 ORECHIH, MBI 2 by 77 v —HlE2REI L5
T L ITEBRE R R,

B AFMCEAL T AX v ZARERR 5, WE L b ic, X0 isE s & SRR 2 k5.
PR, BLOER LA EEELFHET 2BOR 21D o A 0 RICH BT d
%, FA VI 2021 FICHAFTRET AV F — R 2 SE L, 2024 45 LARE O i ey ~
1Z 2030 FECICENHERICHD 2HAEREI AN F—DEIEZ 65% L T 5 Z & 2K
DI 7=,

—7i. BARE, B 2E o EZRT 5 X0 b, Mo FEE % X < A2 HlTR S
ZDIEMEERFEST T L & L, TN 23, FAATRE = A v F —F R IR D 45 0E PR E Z (2 3
HtoMHSE %2 &0 2 EHHZER T2 2L 2 LTwa, v, FA YD X 5 B
HIAEAZERET LI TITEE > TR,

BraZEIc>2nwTd, FA Y TCEREERMPIEIE & FEMNT F o4 2% b o T
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L. 2228 ERAYED~—7 v P COFHIi D E 2 &2 5, 10 FFLAN CeiEE A % [
T% 2L OFEBEMED TS,

—F  HRIZSE 2G5 A EME - PulEis  N) 77 ) —% BT EMICH D,
10-15ETTaveRA 7 -3 T 22, “EEOHKECEED SHREN A THICIZH
EOHIAE Tl v, ZOMHD -2, AL AKEDRIICKHZE ST 2L ) L,
ZHF L BRI AWBE~DHVEREZE L TWARNWI EILH B, TNHD A — FUIEFE DL
BICRo722 & Tldad, FEETHIRI - TH Y, KETHF LY b, SRS H i e
~DOANWEZICE@A A o 2, SRR QUE TH I Y e fdr & Sl 2 D 138N
BHRPMES 2, 2o %22 2EMHADPHATEAT D THE 2L b, AT ANEDET
W—KTH A9,

BUORKIRICOE WS FIRE G, BT AxPRICi3mEE b EWERE2HFE T2, FA4 Vi3 1977
£, HARIZ 1979 i = ABERAHIE L7-e P4 VT, RICEYONEL ERE Y AT L
D LAV F —FNFICH 3 5 B 2 ffifil % 8% 0 7= DIt L, HANIE 1998 AR08 A X 47z b
vy 77 vFr—HlET, RKED N7 A —~v v RAALICESE DT, CORTADT Tu—F
DENITIE, AR oM ) R e AR, EUboEWICRERL Tw 5,

214 5

GEOFEZBEL T, FAVICL o TR, KEFOHTAMREEZNS b v 77 v F —HilE
DENTR % EU 8D Ecodesign HlIEEICHLY A s Z &, KMAMICEEICH 7> T
iE, B IO R O i CHADEH 2 b 2503 % o HARRBHFREGEY) ~D = 4L F — 35w
iz 72000 fH A (Wi e 2RISR > 2 7 4, FHAERRE T A v X — SR s iE s L) o5&
EARR T 2D, A4 VA SEEL THEERET R LW LI,

— T CHEb AT 2 B TE L, MEICHET 2L AT, AT ABKREZHED 5 (C
b7 > COETHRER BIEOHRTH 5, BARRICITE = A WECHIM - 77 25 DA E
HR DI D BRERIBEIL, & — bR v 7O BRI 708 AR L B2 & W & BARROE 23
TRLTWS, EEYOILIRMEIEKICHEIED 22 T2, ZAALF—HEEHIN L
Embodied carbon! O BEHHNHNIC IR TH 2, $72. I o2 WELHFET 272010, M
TiomlbeEE =29 v 7oL, [Building Renovation Passport] @ X 9 74D
HAERIA % FRR T 2 HlE < [ One stop shop] D X 5 e —$69 K — MMEG| AT 2 2 L 25,
WEREICET S LEZLND,

HARIZOW T, ¥ THAFEREY~ONKELRZTETH 5, Biabod h BEFREEY 0% 23
MEEE AL CEL T2 OB AHKELH L Ty, TARBTEZTIICH-T

Ve T bR, B oG LR, EEER OB cHilT 5 CO2 ok, itk L T, BWx
FIF 3 2 B K E 7 238 3 % CO2 1 Operational Carbon & M35,
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b, ED XD AR TEILEDFEYNCEHE T 2 (AHI 2R+ Th 5 2 L LBUETFH % A
L72PRIFEBR AR LT b AT ARERERE L Tt EZ LMD, &
BT X o ICi, SEE I N MBI HIGERIC X 2@ A Y v PRJERIS 22 b . AT
FRED LRI A Y v P ORIRICEHF G T 5, EEY~OFAERRET AL F —DEANIED
THTA E B2 L 22 D HIEZ AL > THED T T kD b5 5,

2.2 TANF-LHEFEFXOBIKFENL - (i) (LPEE -
221 (faih) ALsfESE DR

FAY S HRSACAEEIIIFFEICRE REE LMEMNT O TE Y WEORFCER
FTXALTwW5, AMERORIERYICH L F 7V ZilEbic, =FL v vl v
EOHRB AT D, T T RTFy 7oA T A, AGEHE. Bk AL RmnEER. &
TMELN ERGER R EH 5w 2B 2 8L CEEL T b, 2 LTI ofLERESR
DHTH AV e HARIZ5 RKDIFICASEHIKETH 5,

ZHERIRRIC, MEO(LEEREIT, SURELEEI~DOFEICH L TH REABEELZH-> T
5, $bb, KA GEMOPTHREL COPHNFEDOO L DILE>T W5, FA YT
{LAEEEZERRF 2 & D COL HEHIR 134 3,890 T + v icDlx b, P4 v afko COHED
#15.3%% 5Tz (2020 4F), HADLAEZREFD 5 D CO,HEHIE 134 5,600 77 +
VEREERL T Y, EEMOK 15%. HARLED COHE D) 5.6%% 5 5 (2019
), MEE b4 COHHHEDOK 5% %2 LD b0 COHiER HoTHh . mE
DEEMEICRKE B RRDH 5 2 L8370 5,

—J7. T/ FA V32045 FF T, HRIZ 2060 FFClcznENHh—FKvy=a—17
Nt 2OFEBREZHBELTE Y, 20 HEEZERT 2 720 1cid, {L¥EED B D CO,HEH
HOHERL T EIFTERY, Z LT, FPk. KIEIC CO, ZHIIET 5 7201 id, L7
¥ BOTHEBROIANF -V AT LERES LIS LML D B,

FA Y DAL T 4 VTR EFE L U, AR EIEP o FESE M, w0 e L
E, ZAANF—=CEFDNA T T A DR RAF R 7 &R RAINICHNT X, B
I TAZ=DBREINT D (K22-1F/), HIEFFA VERNICIZ 6 DDFEES 7 A%
=3B b, FIFT7 A V]IRWOZ LY Yy —=V v FAVIVEF, L—=FT 4 A=
7z v, L3R vo s v b= iR N4V Ay P =2 BHIZANA AV D
6 0CTH5, ZDIED, NWF—DT VI —=TF T v 2Dy TAXLIRE, HINED
HeERM AL 774V THEINDI LI RITREA=bB D, EEITRAX—1F, FFK
RITADA v 7 7 THEHRIN, TALTF =2 RATAMKFELTCE, 6 D207 TR
Z2—DHH 421k, ~RZANLF—MIFED 40~70% B RAFT A THO LN T WS, KA
AL DEFEP N T A X —CIIESNT2 S 5, 2045 FETICA—FRv=a -+ 71 %
Higd & v HEIN L TR, 7 I AT 4 2 e~ A R—2DJFRMUE o8 A %
BT 2 BHIBIRTZ/N T v,
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—77. BHRIZwCHENZEETcH Y, HEDZANF—FHOEE TRV, 52T
RS BRI L Tz, SIBEIL Ty, RARAT A CHMOMEED % < 13RS
NTuiay, HERIAALF-—EFEOIEZEALZBNIOMALTEY, HAKOZ AL F
—HAEIIN 12% TH 2, HADLFEEE IRFHLEBRACERF L0k, =4
AX—FREZFACHE-> T2 2 EDFERTH 2 (K2.2-14), fFk, BRFLEDOER
WCHEBKFZCT VEZT R EDREIZEAT 2 L 2ELZGA. ZDIRE A%
S b DEIAICHD 2 2 1S\ 720 BRGSO HAIEFFICEETH 5, HATIXZ S
L7z CO2 7 U —#RKL (&R % LERI A0 LAMIC KEICHI A3 2 PEEEZ B0 L. FHkvic
BEMREAT A% KIBICHI S 21 —F v =2 — b FAFE—1+ (CNP) OERICHNT 725t
BfrbhTnd,

ENEOS CORP
(Kawasaki )

( Yokkaichi )

X 22-1 FAY () BXUPHAK (F) BT LFEED DX
HT © BT oL ¥ — 28 2 [k, 20233

LFEED T A X UL, A, A KAF 2% LR (&) BT
2. ARDBAERFICHS &, FHMLENEFCHE S NT 3 2 H ¥ — 34 747P] To
b, ZOWIRIZ, Il 45%., AR 17%. KIKHT AHKT 1%, BHHI26%CTH 5, O
b . B AT O W 2 ) D5 C R FAE TR A L ¥ — O LT b Rk 0k
26% (£ 191P)) LAEHI v avichbhl, BY O ®—JLGIHE (&
B KX BbDTHY, T TIH L TR L ADOREFEML 2T UL, #Ai 7 CO, Kl
Y, DED, Al G RATAOHBRICHY T 5 23 ¥ %, CO,7 Y —
DIFEL - BRENCE X ¥z 2 LR D B,

222  (Hih) {LFEEECETIPRE~DYFIA (m—=F~vv7)
H#or+V4+ (v—F=v7)

FAYTIZ2045 FETICHh—FRv=a—tr 7% HIETEOHEICH L, BUFHE
PEEHI (BDI) 20T AAF— L R F LIBT3 F ) ARrERIhTnw53, £ 1
K FAYDorFIF (r—VF~=v7) OFflerd,
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%22-1 A4V FIU4+ (m—F=v )

Code Title Made by Commissioner Year

@ RoadChem Roadmap Chemie 2050 Dechema and FutureCamp vCl 2019
Auf dem Weg zu einer
treibhausgasneutralen chemischen
Industrie in Deutschland

@ Wege Wege in eine ressourcenschonende UBA - 2019
Treibhausgasneutralitat

@ Denaleit dena-Leitstudie — Aufbruch EWI dena 2021
Klimaneutralitat

@ KlimaPfade KLIMAPFADE 2.0 BCG BDI 2021
Ein Wirtschaftsprogramm fir Klima und
Zukunft

@ Langfrist Langfristszenarien fir die Consentec, Fraunhofer IS, ifeu, BMWi 2021
Transformation des Energiesystems in TU Berlin

Deutschland 3

@ DeAufWeg Deutschland auf dem Weg zur Kopernikus-Projekt Ariadne and  BMBF 2021
Klimaneutralitat 2045 Szenarien und Potsdam-Institut fir
Pfade im Modellvergleich Klimafolgenforschung (PIK)

AT BT AL ¥ -2 ek 2t 2 [MIER, 2023.3

OIEAEFNCFE L Z=NE & o TH D, 2045 I BT, 2020 LT 61% B L O
97% DHEHIEIIR A EK T 5 2 2D F VAR INT N3

@IF F 4 vEHEET (UBA) X2 b 0T, ey EFsh w38 e idilic,
JFEFEY) - BRI, ¥ - FHFITIC O VW TOERRIF TV S, IREMEA X 0P E.
JiM kO E R, HERBE CORBIC OV TRLE T2, 62D F U AHRH D,
2050 4F % TIC 1990 4ELE T 95% L EHEH Z AR S 2 F 4 v 2#ivwTn 3

QIFIBE, EE, OH, = ALF—DHFIIC J‘quf-fﬁi:/%)yr% SHFLTE Y
fbgEEiconwthETAMLEINT VS, THgH. 41/ =2 a3 v, ;ci/\a'ng
. BN AHEEFERZEICDERLTWS

@I e A BDI@/%ML/W?@M# @orF I HICRABTH 2, EHE, &
i, TANLFX—, BYICOBTEYF I Aot L, (LFEEIZFEEXDO L LTETMELX
NTW3IEh, FEPLa R M, BERHEICOWTEKLL, BEERE LT3,

O 120z F ¥ —Ji (BX. K&E. PtG/PtL) ICKkFET 3 3 o0k + V) 4+ %
MLz b oC, FEESE, EEMLE. B, e X v b - AIKEMRE T LI
Tw3,

OZEEZE, i, B, AT DRI LT LT %208, IKHESR e-fuels D%
., 27 2 —WOMEER. €27 2 —HE#ERLICOWTLY *ﬁb BUOEIRS £ Cid#l s
TWwb, 205 FETOIZANT -V AT LA FERT L7201, BHKEOH A, BE
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BHaln &% I v 7 AL 6 2D vF IV ARETMELINT VS, (LFEFEEICOVTHLER
INTVBEH, EEBNAEDITIEERL, ZOETASTIEOLRALSDTH 2,

DO~©Lisicd, N4 v % 3FEF % BASF, Dow, Sabic, Ineos, LyondellBasell
Industries, DuPont, Covestro 72 & D32 2050 FF Tt v bR T I v v a v iiE
W33 HEEZBT, ey 7V F2ivTn 3,

—7Ji. HATIE, 2030 4% TIc 2013 L CIREDR A Z PR E Z 46%HITE L. 2050
FETICA—FRy=a—rIAEHETELTEY, REMNELFIF (B—-Fwv 7)) &
LTEHMT (R 2) 052555,

#2222 HEAOvFIA+ (m=F~=v7)
Title Made by Year

1.  Energy Saving Technology Strategy METI and NEDO 2019

The Sixth Basic Energy Plan and Long-Term Energy Supply and

2 Demand Outlook METI 2021

3. Roadmap for Carbon Recycling Technologies METI 2021

4.  Green Growth Strategies Associated with 2050 Carbon Neutrality =~ METI 2021
Keidanren Carbon Neutrality Action Plan KEIDANREN

5. --Vision toward Carbon Neutrality by 2050 and Fiscal 2021 (Japan Business 2022
Follow-up Results (Performance in Fiscal 2020) -- Federation)

METI: Ministry of Economy, Trade and Industry, Japan
NEDO: New Energy and Industrial Technology Development Organization, Japan

AT BT AL ¥ -2 ek 2t 2 [mIER, 2023.3

DITRFHPEES (METD 28 2007 FE X D RKRL T2 H DT, BIFD T 4L F —FAGZ
7 & DJTE 2 S 2o, (WEEE (k) oHEERIHE CO, i EOHIZ H
L7728k CH 5, 2019 FFOUGE TlE, FEEAVCHAFREZ AN F—2 FEF & L OEMAT
272 DE T AN F —HITSEEEAMNICZE T b T B, BRIICIX, BER O BRI B
T oAV F — OPEERFIL, mREE U EEL T GEEMEL, L —F —fE & — b+ K v 7 hEY)
REBETF LTS, B, 2021 FicHKI N 156 6 R 4 ¥F—FAREHE | ko
T, AT AAF—HREED HE L 2ABET S hTw 5,

@OIFBIF O T AV X —BOROFERN T MEEZRT d 0T, Z4a (Safety) ZHilgic, =
AN F = LEMITHAG T E (Energy Security), {22 2 b (Economic Efficiency), B
&1 (Environment) #HIg L7232 27 4 (S+3E) icHonwTAERINTWE, ElbiL,
[2050 DA —HR v =a—FI0ft] 2EBHT L5720 ic, 2030 £ < GHG #iE%
2013 LT A46%HIIRT 2 2 L ich 2, EMI AL —FEHHBELICLZ ., R ALY
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— AR L, il 31%., FAERRET AV ¥ —22~23%, 5K 19%, KABH A 18%. Ji
F7519~10%., KFE - TVyE=ZT 1%L >TWn3,

@l CO, ZHKHFEI L LT, (LEMELCBREI D AERE. Sk LI L.
CO izl cZ 2L T2 h—K VI /7rDififta— Y~y 7% RL7ZHDTH
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0%
2015 2020 2025 2030 2035 2040 2045 2050

Year
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Chemical recycling Chemical recycling
Chemical recycling L ]

Biomass gasification
g Methanol via biomass.

) [ ]
Biomass feedstock L ]
Eto Methanol via CO2 and electrolysis hydrogen
ccu °
Naphtha via electrolysis and FT
Synthetic cracker feedstock L J
Mto Synthetic naphtha in electric steam crackers KlimaPfade
® RoadChem
MEO/MtA DeAufWeg
MtX Power-to-gas o Langfrist
Electrolysis : ® Wege
Integrate hydrogen electrolysis
H2 for energy
Methane gasification in electric crackers
Electrification P
Synthetic naphtha in electric steam crackers
CCs
2015 2020 2025 2030 2035 2040 2045 2050
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1,320
& __________________ " "(Maximize introduction of energy-saving technologies, nuclear
\ power, hydrogen, renewable energy, etc.)
1,040
A46% (610Mton)
|Energy Co| rslon~
422 ~

Indu;t;z (Chemical 53) -
cCs 660
710 N 3 120~240
Transport .
177 ~

CO,emission (Mill tons-CO,/year)

P R S T fJ_'.---_-._----M.,!_---
Negative emission
2013 2020 2030 A 50 z ; 2050

How to reduce?
We need @ (carbon recycling).

esidential

#CCS Long-term Roadmap (Interim Summary), 2022.4 by METI
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Volume of utilized CO.
A : A

Futver etietion voksma of £, %01 58

PRERET

ot masst b roduicesd L 1B 110 K e .
of carrend o | =AMt b Temuce casts of lechioicgies Miat ane

I§

| epected 1o speea iom 2050 anwars
| > Special enom ahouta Toeus on techneloges or aige.
(Gl s D oSt 10 13 = WS OF cumenst | volume commodity, which will be enabled by
Lo \ mnexpensie hydrgen supply om 2050 greands.

41 temgts shoulkd be mare io each squalent oost of
X existing energy and products from 2050 onward.

Phase1 i/

# Pursue all potential technalogees jor
carbaun ey g insbsatives

» Speeidl eflort should Meus on |
technologies requiring no hydrogenand |
preduting high value #dded matenals,
bath of whech shall be expeci=d o
spread from arcund 2080 anvwards

Hydrogen JEYZ0/NM? (cost at defveny site) >
[ CO, capture technology Reducing cost Less than % of current cost )
Current 2030 From 2050 onwards

=Review process> Be flexible in the addtion of tachnologeas based on the state of intemational technoiogy deyalopmant obtainad through the iremastionst
Conferanca on Carbon Recycling among Industry-Aes demio-Govammant, or propozals of new technologies. Tha roadmap should be reviewad in five vears &5 neaded
takes into account S revision of he “Long tarm Stratagy Tor Growth strategy based on the Patis Agreamant ([prevsional ikansiation]
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Similarities and common challenges Differences and specific challenges

Similarities Differences
Similar size industries + Land connections to other countries
Mid-century net-zero targets * Different infrastructures affects value chains,

dependencies, and closeness to world market
Energy mix to chemical industry

Gas in Germany

Coal and oil in Japan

+ Limited domestic resources — import dependent

Common challenges Specific challenges
* Finding ways forward to reach net-zero targets * Germany: Increased gas prices

* High energy prices

HAT © HAR T oL F — 2R 2 [BIE R, 2023.3

#£224 FAYVEHADYF VA (m—=F~v7) BT ZHLS L HES
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* Mid-century net-zero targets * Roadmaps specificity for chemical industry
* Limited domestic renewable resources — * lLand connections to other countries
import dependent * Germany: Varied supply
* Importing synthetic fuels and feedstocks * Japan: Only seaborne
* Focus on CO, recycling * Non-feedstock energy use

* Electricity in Germany
* Range of imported fuels in Japan
* Framing
Renewable resource narratives in
Germany
* Energy security issues and efficiency in
Japan

HAT © HAR T oL F — 2R A 2 [MIERL, 2023.3
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Waste Heat Sources

Process exhaust air 3
30to 90 % of the waste heat can be used for preheating fresh 150 - 600°C
‘Waste gases from

airand/or for heating or process heat generation combustion and
heating processes

Refrigeration plants/cooling systems
35t0 95 % of the waste heat can be used for heating or
process heat generation

Compressed air generation
Up to 90% of the electrical drive power of air compressors
can be used for heating and service water heating

Ventilation and air-conditioning systems
35to 909 of the exhaust air heat can be recovered to
preheat the fresh air

100 - 150°C
Steam from steam
generation systems

40-90°C

Pracess plants, drying
plants, compressed air
generation plants,
refrigeration plants,
warm waste water/
cooling water

20-40°C
Ventilation and air-
conditioning systems

X 2.3-6 FESHIICEH T 5 AR LBEAR & X DML L~
I RE PICISE EE SO S e N T

* 2.3-5 BFEENOPERAIA & SHERAIH]
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External Waste Heat Utilization

Internal Waste Heat Utilization (and

Prevention)

* Preventione.g. through thermal insulation
or process optimization

* Reintegration of waste heat into the same

* Waste heat that cannot be used internally
process (heat recovery)

is transferred to third parties (e.g.

* Use of waste heat outside of the process of neighboring companies)

its origin
* Transformationinto other useful energy
forms (electricity etc.)

T+ 5 2 R ¥ — A AR

SRR DRT v VERFEL, T 2201t I RTCOTE T vRE, T¥
T a e RAH 5 DOFEREALD T v ALY TR % 720 OEAIC OV TRE R R 4T 43
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CLTRET LN TE S, ZDRE UTOREICHEST 2 4E )R H 5, T4abb, iE
L~ov, FIAAIRER AR, FEEAoEe . BMiEG L AR E D 2 4 I v 7, BAVEHR, M gett:
RETH D,

2.3.3  Fdfi : BHR & SR oA

BERFIAIC 3\ TEHE RN, OB, @r — bR v 7 ORI - o i ofibk,
WHEHABETDH 5, WL BT L OBEMAIRERINT 2K 2.3-2 1TRT & & bic, BEATO
R LA ICRE s,

W R Z & o R
Intended use

* 2.3-2

Temperature
range

Electricity

generation

Production at
different
temperatures

Space or water
heating

Cooling

High Steam turbine, Extraction of
(> 350°C) Stirling engines,  higher
thermoelectric temperature
systems; heat waste heat from
storage systems = power
generation; heat
storage systems
Medium Organic Rankine  Extraction of Local and district ~ Absorption chiller
(80 to 350°C) Cycle (ORC), medium heating;
thermoelectric temperature Extraction of
systems; heat waste heat from  lower
storage systems  power temperature

generation; heat
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waste heat from



storage systems = power
generation; heat
storage systems
Low Heat pumps; Heat pumps; Adsorption
(< 80°C) preheating; heat = space heating, refrigeration
storage systems = domestic water
heating; return
temperature
boosting; heat
storage systems

P © 28 2 M E e L ¥ —Z8 8 3F56 %0k, Topical paper on the potential of waste heat usage

in Germany and Japan
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LRI, BB T 2R OMR L 2 —F —OBFEELZ > T~y F v /3¢ 5720
ICHETH B, FEEADOWNERHMIH <3, E 7 BB X BRI 2 DB HBRE TH 5 2 & 23%
WA ELDIRRE R & TR, #H 2 D BCEM. B 5 wIdE s AR 48R Ao ¥ — & it
TEX L2 RMOEBMEOFHFFICTEH IN S, ERKE L, BREL I ANF—%2F R D
WIFIc X oCovy 7 7 B FHARTECR, RIATERZZ &03H 5, $ 72, BifEEEIC X o CHH

t—FRVT

FER\DIE L AR EEFH T 2 13+ chugs, e— bRy 7RfERATs T
BER FPRIEZEN8TES, —fRINE e — PR Y 713 7T0°CHEE ¥ CO RS o Bz it
fa3 503, BIE, HERFE 7 my = 7 F <id, WY RmiEx AT 2 2 L T, 160°CE TD
B ZEH L Tw3, —J7, TN e — Ry 7Tt 300°CE CoIRE LB HE
EEZLNT VS, FA YR EOHRIKRCcoMBE 7 HRIZERE CH 553, EXESIICET S
b— bRy TOMH S BEIMERICD 5,

BRIX - i S T

R S L. R E I L 720y 27 A C, BYOBIEES, T¥ 7 ax kL
CHAENT WS, TAAF—hE 1@, FEMRT AL —CHEMAZAHT 2L b
BETH b, /7. WERGHEEIZ, COP 23 0.4 LKL, HE a2 b2AEL, HECHE
bREWZD, BURCTIRBFNERA L Ve INTW S,

BEXE

i & AR DO BEAF O BSHER & . Z ORI OMEE Y 2 — VTR I T 5, IR I F
7R IR P E0A, AJEEA R, FHEEA VT FVYRT7 Y =T, 287 b TH 5HH
MDD, ZDD, BHED Y AT LICEGICHMIAL Z L 3T E | SHOBAMIHFAEILE £
N5, FFERL Lk, EREMEOSEEREL, REAEICX 2K a X Mk &8T5
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ns,

2.3.4  FEEVFIHICBE 9 2 Hho [k
BEEVFIFH D BUIR

HA T, HEID O IR O R KB ICPHE SN T W5, DT AKX —E v 2
YNA Y FPHAZARETIE RETEREOEDK) 60%ZHHT 22 L3 TE 5, L L,
D D 40% O KFIHBERILEMKIRE T, 20BEIBATHZ, —F., #iEHEE TR
et THEME DT ERTEDOLNTED, I%Mﬂ@ﬂ@ﬁﬁ%%?ﬁ@iﬁb

o HARTIRBEEYOREH L FREIMEA TE Y | 2020 FERS ORITIT, —IRFEEYRE
42m7ﬂwd¢\ﬁﬂw@M:L%6m&\%@%b%ﬁﬁém YDEIL 1 36.6%, HFE
HE 110,153 GWh/4ETH 3,

FAwcld, #1530 TWh/4ED T ANV F — % AJE - BLETEOBE LT L TWw % 23,
Z D 50% I KA HDEEE L L TEDN TV S, HIBEMHGICB T3 TE T a2 050
BEED > = 7 1%, 2018 EITIIHI 1.7% (2,383 GWh/4E) TH o7z, F 72, 2020 fEicid, B
HEYREHIEE% 2> & DIRED & = 713K 5.5% (7,000 GWh/4E) TH o7z, TD 5 LHIFS
X, FEEYIOMKICH S, HAERRE ALY - LAY Y FENE, FA4VICEIT5H
BEAEG O DL B X, BAERHG. o F 0 A AKTIRHR K20 OBEBERA L2 DT
Hb, 11701, Aﬁ% BT O DFEADIZE A EDBRFHADEETH S

LI oig %3 2.3-3 1R,

#*2.3-3 BN OBINICEE S 2 HAR o R

- e Power industry discharges large amount of waste heat

. | ® Some power plants are able to reuse about 60% of heat

* Japan has more than 1000 municipal waste incinerators. 36,6%
|generate power (total power generated: 10 TWh/year)

—

* German industry uses approx. 530 TWh to generate heat
* 50% of this is lost as unused waste heat

- sTotal amount of waste heat from German industry is 51 TWh

—_—
—

I RE PICISE EE SRS e N

BEAFHOETF V¥ L
HATIE, — R AL F =D 60% 2 HEFH I T ICERERICHE I THwE, 55,
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200°CLA T DBV 2ED T6% % 0 5, BIZERDLIX. 100~149°Co i< 186,851
TJ/4E L IEH IS { DFEBADFEAE L T %, BEEILIRSE <L, HiRI iR o BER A F62E L |
Z OEEIIHI 57,942 T]/HCTH %, il - AREZE. IFRBIEEZE D 500°CLL Lo Jéshni K
BICHAELTH Y BVEIZZE N Z 1, 44,889 TJ/4E. 16,367 TJ/4E L H#EE S 3, BT 200°C
LUTF 2% woloxf LT, BEED AT 2000CUA EDFEISTH 3, D=0, FEEFIH Ok
KD7=DICiX, mile — bRy 77 & OB ORI BT O BT A EE & 72 5, L&
BDFEERICOWTIZ, THNTOMMIIEA T 325, LB OBBEH), T~ 13
ENTW3, 72, FEEYBHZ I AERENEE L Cwb 0, EAMIHE T -1k s
DR O WREICR S 1L, RE~OEHNIZIZE A Ry, b OREZ RS 2 7-
DI L, BRI 2 T, BRI ENEIE 2 & o0 LIS B R FIAREGE o RE L A ETE &
5,

F A ik, KITFE. BB 7 7 v b SEEOBERFIART v v v AR E W,
Pez o e HEE b . B B A 5 13, 12,000 GWh 2> 5 70,000 GWh @ B2 C % 3
ATREMED B %, I, 4E[E 70,000 GWh o FEB A MU EMILRR ICFIFH 3 5 7200 ¢ b . MY
1,900 J7 b v o LR FEPEH B ZHINT 2 2 LB TE B, T, P A Y BIFSEES
TEHEL 72, 2020 £ 5 2030 FEORIC 5,300 77+ v D “BLRELZEIKT 2 &5 BiE
EDH] 36%ICHE T2, 2D, FEROHMIE, VA v O ETC©OiRE(LE Ik AR
DEMRICKELETIT 22 B8 TE S, milwe — bRy 73 ACAREI 23 2 K4 5 —
BMELEBEERZLILNTE L0, HEAFEMEEZON TS, 72, TKLT—% %
VRS EYERERECTH B, AR K 2.3-4 1TRT,

#£23-4 FEBFHOET VY v MBS 2 Hiho g

-
* Most potential for supplying waste heat is in the range below 200°C;
'most demand is above 200°C -> utilize right technology

‘--.Iiprogress by reviewing regulations

'» Waste heat from the Waste treatment industry is estimated to be
about 57942 Tl/year.

_ » Changing municipal policies to supply heat consumers
. =

. 's Heat transfer between factories and heat supply to residences can

» Use of industrial waste heat offers outstanding energy potential

'+ Conservative estimatesindicate a usable waste heat potential for
‘Germany of at least 12,000 GWh to 70,000 GWh

I- 70,000 GWh/yr of waste heat in district heating networks would
reduce CO, emissions by around 19 million tons per year

* Around 36% of German reduction target in building sector

HFT ¢ 85 2 [Al H s ko 3 — 28 ST A 0k
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JBE A F B BUR

HATE, T2 4 ¥ — Ol o GHLEIC BT 2 B/ (BT AK) | 23H1E S h, 1970 4F
RoFA vy ay 7L, =4V F—HEMEKIL 40%M LT3, [AxAidE] Tk %
NEfEE LT, A VF—HEFEN T 72 13877 B2 PG A7 2 v R 7
LT 1% EHRRS 2 2 L 2k Twb, $72, EETMO = A F —HEIFHRA O HEE
BHRETD [RvF~—2HIE] ZEBALTWS, o, BHEEE, HIE L Cid THERER
BRI R DHEMEICRI ST 23 R [ by 7T v F—HlE] REBETONDE, 4 V2V T 4
7E LTlE, REFERAED, SBEN AT ARMOEA, FHEE T AXMOEA, v — 7k
DENERHEHIEE R STkt LT, EEED 25~100% DB % 1T > T 132>, (EEDW
ARG OEA R LN LTOHiBI 70 77 A2 HEL T 5, 7z, BEE IR,
BAfagn, e — bRV T v — b4 T FES X T 470 O HUSERA BV ER D DB A
PR T DHEEERITo 0D, IFEHF L LTk, &FEA L NEDO T, #% 10 Ficbk
D BERFIRICB T 2K EML TE 7,

FA4 YTk, EUL A TDOT a7 H 4 V{54 (Ecodesign Directive) i B0 < 8L IR il
X0, " OIEERME, = AV F —1ERE. Z Dfth O EREERHRE rlRENE ICBE 3 2 R B 23 EOE
INTw3, MMEES (European Directive) Tlt, T A AF 3K OEM % BB T T
%5, 7. EL L TOE AL OB ALEAGHHNIC O\ TRk A e Bl 2 857 7 5 B3
b5, Bofik e AR IC Wik, FAYENTE, SARHIRESIEE (Gesetz gegen
Wettbewerbsbeschrinkungen) D% 19 IHCHIfl X <\ 5, FERRET 4L ¥ —HEER 4

(Directive on the Promotion of Energy from Renewable Sources) DIEZTi%, HulskE it
fr O EF I LT, EAOHHGH~ DR ET LI o THEIN TS A vy T
4 778 LTid, TREICEHIT 2 4 F -0l [0 2SIt T EGRO 2
MAFHESIE | 72 ST LT, Bk~ RilfE 28 AL Tw 5,

VLo ez 3 2.3-5 10T,

*2.3-5 BEEAIHIBEBOR ICBE Y 2 HAho Heig
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Japan

Act of Rational Use of
Energy (2018) and
Benchmark Program to set
targets for energy
consumption

METI and MOE provide 25-
100% subsidies for
investments of companies

Over the past decade, METI
and NEDO have been

Germany

EU: Legal requirements for
sustainability aspects
(products’ circularity,
energy performance etc.)

EU Directive for Energy
Efficiency

Other national regulations

Various subsidy programs in
Germany

developing the
technologies for heat usage

‘ with the budget level of 10 ) |
billion yen. /

WA 8 2 [l H T koL ¥ — 2SS AR

2.3.4 HMH 7 EICBET 2 RE
HM DO I EFICOWT IREINAZHEEZER 5-1 IR TE L BEAZ U TFICE T,

P A & BUE

BEEAR T v o v VOMIG L RERKET 2 L AEEL 5, P4 VT, o~y
VI RITIBEERSBEEL, 20— 22/ U T FHATLIEHCTE 3, HAlE
I, TCICEBNMZ R T 2 S L I L 2MiBh&HE 2 EML TH V. fd4 DRRIZONT
DREFASHMBEEN S,

e b A [FEETHES | 12 2 1RfEE 3. BT & B Ic, E% & E O
HEMS L kv, XV IRHIZFHt i Re e i o—Ef & LC. BN ] Oz
SRS 2 720 OBUAKTENS . HARMETRE L Th T2,

AVIFAMNIIF ¥ —

F A IZHsR BV 2 R E LIER L2205 523, HATIE—EodtifHsicE b 5,
—77. HRIZ, @BV AT 4, @ihi#FEe — bRy 7, BVERE LR E oK - EHICOWTR
WIRERZ 3 5, FEER L BIRRSSINT 2 ERMcB 3 2 i/ 7 v o = 7 b, iH5ERFE D
“EEm N k. Wi o THIETH B

i
FEERA L — PRy FIZon T, 120°CLL Lo &R & D HAiTEaFE & FIA cmg <, Hil
DR e — F Ry T A=A =BG T2 e RABEETH A H, BDIFEIc o nT
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X, PERD b DIIRIC X B HFEDIZ 210, BERIC X 2 FBEDEL T 5, IHEEE (PCM)
I, HEATOWMFEEE - AR FA Vit o CTHEHTH 2, BNEREFEICOWTI., [EEFE
BRI H-HIEMR Y — 27> a2y 72021 @740 —T v 7 LT, $TICHAMBESE VA4
Y OWFFEHEB & D IR D b L ED LT 5,

#*2.3-6 HIG 0B % 2%
f )

G o e e waste st ptrta o and e
o © i : Using w. ing i
Condlt!ons & e Encourage suppliers to offer their waste heat (subsidies etc.)
Policy ¢ G-J exchange of experience on subsidy programs
g /
4 )
. * In both countries large-scale ,waste heat markets“ do not yet exist
* Political action is needed on both sides
G /
4 )
e Germany: Mainly district heating grids
e Japan: Experienced in construction and operation of cooling systems
. B . | |
ilateral exchange regarding technologies and systemic concepts to
enable further synergy effects for both countries
G /
4 N
¢ Industrial heat pumps — Further development through G-J cooperation
Technologies * Heat storage — Germany can learn from Japanese experience
e Thermoelectric generators — Cooperation in research and applications
. 4

T ¢ 5 2 [ R L ¥ — AR A A PR

2.4 ALEBEEI D Wi AL
2.4.1 AbaBREIZELY & R

Oy 7DV IAFREEZTITC, FAY TR 72505005 T4 LF—HHD
Az T 2HEELML T2, MATEFHOCHKOMEHAIH T 28550, H
AREFRRIC—RIANLF—HBEMESF A VIicE o TR, TAAF -G EMIcHERm L
Twb, 20, choo @A) Fibaid, VA4 VBIFICE o T, BP0 7 [UIEZ Bk
AR TANLF —DREMIEZ DX S ICHIZL I H 22, L WHHEAZINEL TWw 3,

F A Y OfRF - SURZEINEE (BMWK) 3, BAKTE2 O OH LA oM E R
HI (=prF = om b, FERRET AL X — ORI 2B A, T 4L ¥ — iG]
DL E) DEBREOENFRECTH 2 & L, ThICX 20, BIFNHEL L F
VASH L Cnb, By TEEZEURAN ADEERFEIIL T 4 X —HE gk, pE
EMARLICED IS IR I N T I EELZ LT, a v THEORRTAHHOW
HRZNECIKHIflORWKE LRI CTH 2 LERHABL LTS, M 1oL FAY
I 0 S TEDRRT ZIES U FEKFE L TW3 2 R 055, HARIZ 10%ICiHE 72 2200,
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Germany: Gas Imports (2022) Japan: LNG Imports (2021)

® Russia = Others M Russia M Others
Based on Data: DeStatis Based on Data: Nippon

X 2.4-7 FAVEHRKRICETZRERRALTAD O > TIKIEE
WA ¢ 45 2 [ [ L ¥ — 25 S AR

—77. Ariadne (2022) DFAEMERICINITZ, HOWDEI LI Z—DHEIZ A ALF -
LNG D%tk 2 b OB A DA G DRIC L o T, v 7ERRT ZDOREE T AHE
7FELTW3, ZELHFIERILING [ v 7 7JOEER LICOWTOREHIBE > 721300
T, BmONMEAE TN T3S, 2P, Ariadne (2022) D I A A EHEHLTH b,
H AIE D UGS KBS~ DM IC OV TIIFE R L TRy, b DL
s FA RO EMIRSE L L TlEsm S LT\ 5,

HA L, 2030 EDREMR A ZAHHE % 2013 4£HC 46%HIIRT 2 2 & #HEIC L Tw
%o T7o. 2050 FICH—FR vy =a—F INMEEERT L 2EBAKILEZ, LaL,
2011 FORHAKREKIC X 2 FHFEDOFIE, 3 i HHE 2 v F 7 4 v RIEGUEHL
KICX2RFOMEN . Z L T2022F 2 A o72u v TICXb3v 7 74 FREAREICK
D, TANF—litg DS E T 7 ERFICRE RBERRATY S,

HARZEMZECHEN, HEOZ AV F—FFICZ L, BHARIZFA YL It EER
AL REL 2 A2 b DA > TE D, — R AL F—HBELRIZ 12% L 27\ (X 2.4-
2),
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Comparisons of primary energy self-sufficiency ratios among major nations (2019)
816.7% 338.5% 17459

104.2%
AN :
71.3%
NAA B 335% 279%
No. 1 No.2 No. 3 No. 4 No. 11 No. 16 No. 24 No. 30 No. 34 No. 35 No. 36
Norway Canada USA France Germany Spain South Korea Japan Luxembourg

Australia

Ep =
@) ==

l]EE@E]:

firmed values of FY 2019, Brgy statis

X 2.4-8 HED—RXTANF—HIHEEKDE
P 5 2 [E] F T oL — 2SR AR

WAL 5 DEAITHAFL T3 P A Y PHARIIMARDO 2 A V¥ —ZHORELZ T

o MAZETHREL TV EENTFMOEBEPL T AN F —iEOEER & IXmETD Ao
Nz, TALVF—-OREMGOMRIT. ERAEGESCHEEHORBETHL 220, ZHITE
KLz bNT VWD, 2070, KL 2B AL —, ShEEofdinl (e
Tpff e ORI . B FRE = AL ¥ — ORI B A, R OiEH, KELCT vE=
T CO2 7Y —MktoBE AR, HEP T AL X —FELRIC T 72 EFSEEE o s,
=RV H A 702 CCSDEAREREZEDT WD,

242 I HLF G

FAYHHED Rz A AF—HHEEIMK Y, HROZ AL F -7 0 —%flICH S &
(X 2.4-3), —RZALF—HEEON 85%2MLAMEITH Y, Zh b obED CO2 HE
HIFIC o TWwWa, REBICHEINDS D] i~a’(12‘\/v¥~®%’93iﬂf‘a‘éb FA Y131
FLEAGTHDL, 2FVHENEI ALY -CTETOEREZ CO2 7 ) —KLThH, ZD
%u~ﬁ1%W¥—@tot3%@%o\ﬁb@?%:ﬁiaﬁ%#uﬁmﬁao:@7
FHNIEMCRAT A, AREZHKE T 2EECELICH b EEZER., T, RAER
fIcHBEINTH D

FAVIE, A—FRv=a—F I3 L0ERICAT T, 2022 FEICHAERED A L F —ik
(EEG) &HERNAEELALEL 7, itk 2 &, 2030 FZ CickE RES 115GW,
PE BRI 30GW, PV & 27 4 215GW ZEAF 2 (X 2.4-4), Z L TFA Y Tit2030 4
ETIC N Y DEIHED 80% % fHAAlHE = 4 L F — THiV, 2035 FF TITHKD O
HU, 2045 FFICh—Fv=a— IV EHT L ZHEL LTS, TNICTITEIM
LKFEMORENE, . e, il ) — vENEIET 5 20 oKEMRE, XA
H, e— K7 EKA 7 —, ERBMRLEOKL EAT e v AT L0830 ETH 5,
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HARDG G 12 P37 < . R Bt HEMAR 54T 5720, fEFRET AL
F—DBEARICIIRAYD 2, HABHOME, GEOERAZ &0 BRBHR P, FEMRE
IAAF—ICHEL ZGF8 T ICREL T Y, ANLDEEH (AL F—HE) L oli
MEid 27 8, EIFILEATH 5,

FAYDHARD TALF—HMEBME 720, D5 OFHARET 3 L ¥ — Dl A b
HEICANDZDERH Y, KB, TVvE=ZT, A%/ =1, MCH (X F L 7u~F+4
V) BEDIAANF—F 2 V) TREHAT 2700k~ GREIAEmI T D,

[ unit: P1]

Final consumption

i1

PrimaryEnergy e P
- e

16,758P) T S 11,006P
oil o KTNSO dustry

Gas Transport
s — 3,842 2,615
Bio/Waste
Other
GP/PV/WP/HP/NU 4,007
et persd 113 — 1 S— .
[ 324
i 284
Oil products 351 P Non-E
oil une 1,238
Coal 2,705 PJ K
Naturalgas 2738 P
Biofuelsandwaste 379 PJ
Geothermal 108 PJ
Solar/tide/wind 317
Hydro 840 7,316
Nuclear 423 PJ
-~ A Total 7,316 P

Erpony Powes tonses Cwnuse Experts By

o Bumhers
] Source; IEA Sanky diagram 2020

4249 HADZALF—7 10—
HUTF < 5 2 [F U L ¥ — S R AR

B Fossil Gas
B Offshore Wind
B Onshore Wind

Amendment 2022 Photovoltaics
GW elp Actual Expansion by
40
30 |
20 I I
10 S E : "
=R
- 1L
mnlinull=
2000 2010 2020 2030

Source: Eel'many_' s Current Climate Action Status BMWI1 IZUZZ
X 2.4-10 FAYViCHT23HEAERMEI ALY —EALF I F
WA ¢ 45 2 [ [ L ¥ — 25 S AR
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Executive Summary

To reach the climate neutrality goals in Japan (2050) and Germany (2045), ambitious policy measures
are crucial. Particularly in the building sector the potential for greenhouse gas (GHG) emission
reduction is important: Through better insulation, the energy needed for floor heating can be reduced
significantly, the installation of PV-systems on the rooftop or the switch from fossil fuel-based heating
systems to heat pumps running on renewable electricity further facilitate the decarbonization of the
building sector. While environmental-sound constructions of new buildings are important, it is
equally/even more important to foster renovations in the existing building stock. At the same time,
renovations are also challenging because of lacking information, financial resources and the difficulty
to impose regulations.

In Germany, a policy called first Heat Insulation Ordinance setting new energy efficiency standards for
German buildings was first introduced in 1979 and revised/tightened numerous times ever since.
Following a number of developments in Germany and the EU in 2021 (among which the revision of the
climate protection law, the European Green Deal/fit for 55, Russia’s war of aggression against Ukraine)
the newly inaugurated German government put high priority on the decarbonization of the building
sector. In Japan, on the other hand, the Top Runner program that had been put into place in 1998 to
improve the energy efficiency of commonly used electronic appliances, was adapted to the building
sector in 2017 as Residential Top Runner System. More recently, the Japanese government announced
presented the roadmap of the Green Transformation (GX Transformation) that also includes measures
to foster the energy performance of buildings. Against this background, comparing the situation in
both Japan and Germany can be beneficial to better understand the deviant situations of each country
and learn about best-practices.

Based on their geographical characteristics, Japan and Germany face partly different challenges: While
Germany is prone to colder and longer winter, most parts of Japan heavily suffer from hot summers.
In addition, the energy consumption also differs due to rather cultural factors, such as the habit of just
heating those rooms actively used as is common in Japan, contrasting the practice of heating the entire
housing with a central heating system in Germany. On the other side, most Japanese practice bathing
on a daily basis which contributes to a large share of energy used to produce hot water. At the same
time, both countries provide a high level of technology standards.

To reduce the energy consumption in the building sector the governments of both countries set
standards/energy efficiency levels. While in Germany it is now mandatory to present the Energy
Performance Certificate (EPC), the consumption performance label in Japan is voluntary. Contrary to
Japan, where the installation of rooftop PV depends on the ruling of the municipalities, the integration
of renewable energy will become mandatory for German buildings. Overall, the focus on the Japanese
policies lies rather on improving the energy efficiency of appliances than the building envelope.

Both countries still need to increase their efforts in increasing the annual renovation rate while also
phasing out fossil fuel boilers by replacing them e.g., by heat pumps. Another challenge for both
countries concern the building floor space and the embedded carbon emissions related to
constructions. Finally, the retrofit market must become more attractive through e.g., the active usage
of Energy Passports and One-Stop-Shop service.




Introduction

Based on the Paris Agreement adopted in 2015, Japan announced in October 2020 that it aims
to achieve carbon neutrality by 2050. In addition, consistent with the long-term goal of carbon
neutrality in FY2050, Japan declared its ambitious goal of reducing greenhouse gas (GHG)
emissions by 46% from FY2013 level by FY2030, and expressed its determination to continue to
take on the challenge of achieving a further 50% reduction. Currently, discussions and efforts
are underway to find a way to achieve this reduction target.

In 2019, the German government agreed on a climate protection law that specifically set sector
targets to reduce the GHG emissions in the fields of energy, industry, transport, building,
agriculture, waste (and others). The overall goal was to reach climate-neutrality in 2050.
Following a ground-breaking ruling of the German constitutional court in April 2021, the law was
then revised. To reach climate neutrality already in 2045, as is prescribed by the revised climate
protection law, the sector targets and interim targets have also been tightened. In addition to
the German legislation, new initiatives on the European level further trigger the policy
developments in Germany: Based on the European Green Deal, the EU put in place the fit for 55
plan that seeks to reduce the Member States’ GHG emissions by 55% until 2030. Among the
measures considered, the recast of the EU Directive on the energy performance of buildings
(EPBD) and the creation of a second European Emission Trading Scheme (ETS 2) for the transport
sector and the building sector are noteworthy, as the share of GHG in these sectors is particularly
large. In light of Russia's war of aggression against Ukraine, the new government, inaugurated
in December 2021, launched an ambitious program to decarbonize the German building sector.

Established in 2016, the German-Japanese Energy Transition Council (GJETC) strives to promote
bilateral cooperation between Germany and Japan on energy transition. While the most recent
studies focused on approaches to decarbonizing the steel industry, challenges in the utilization
of storage batteries (including those for automotive use), and long-term energy scenarios, an
output paper in 2020 already compared the energy efficiency in buildings in both countries with
a particular focus on heating and cooling. One important finding of this output paper was that
further efforts in the building sector are needed to improve the energy efficiency of buildings in
Germany and Japan. Following the more ambitious climate protection targets in both countries,
this study seeks to analyze the German and Japanese policies put in place to accelerate the
decarbonization of the building sector. The decarbonization of the vast number of buildings that
both Japan and Germany are facing will be effective enough to achieve the GHG reduction
targets of both countries, and should continue to be discussed among experts and developed
into a discussion among policy makers.

This report examines and compares the characteristics of the building stock and existing policies
in both countries (chapter 2), as well as new strategies and policies that are planned or discussed
to achieve energy conservation and decarbonization of buildings (chapter 3). The current shape
of buildings, especially houses, is greatly influenced by the size of the country, the natural
environment surrounding the country, the natural resources available, and the lifestyle and
cultural ideas that have been passed down and taken root over time. Therefore, it might be
difficult to compare them and the corresponding strategies and policies with the same yardstick
(chapter 4), but through joint research, we aim to find each other's advantages and challenges




and to develop useful and concrete policy recommendations (5) that will contribute to
decarbonization policies in both countries.




1.Context: Building Stock Characteristics and
Existing Policies

In order to lay the foundation for the analysis of potentials for decarbonizing the building stock
and of policies to harness the potentials, this chapter presents the characteristics of the building
stock as it has emerged in both countries until now.

Following a description of the development of the building stock’s size and growth (2.1), the
average of building stocks, and structure of the buildings’ age (2.2) as well as the energetic
characteristics based on the construction material (2.3) are addressed. Subsequently, current
data for the average building energy intensity (2.4) and the overall energy consumption (2.5) are
presented as background data that might contribute to comprehend differences in the policy
development of both countries.

2.1.1 Germany

Out of a total of 21,356,912 buildings, the residential buildings account for 19,375,912 buildings
compared to 1,981,000 non-residential buildings. More than half (75%) of the residential
buildings are detached or semi-detached houses that are mostly owned by families living there
(Dena 2022). Around 60% (140,000) buildings out of the non-residential building stock are
owned by the public sector (federal government, federal states, municipalities,
institutions/corporations under public law), among which mainly schools, day care centers and
other care facilities (Dena 2022).
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Figure 2-1: Inhabited floor area per person
(Source: Destatis 2023)

The population of Germany amounts to 84.1 million as compared to the one of Japan amounting
to 125.7 million inhabitants. In Germany, the average per capita floor area has gradually
increased from 1990-2009 and now is 47.7 m2 One possible reason for this considerable
increase since 1990 is related to a growing demand for larger apartments and houses, while the
number of people living in the same households is going down (UBA 2022/Statistisches
Bundesamt 2022). After 2010, the average per capita floor area has been considerably stable
due to increased immigration (dena 2022).




A large proportion of the existing housing stock in 2021 were single- and two-family houses
(16,105,498). The remaining almost 17% are multi-family houses. At the end of 2021, there were
a total of 43,084,056 housing units in residential and non-residential buildings. On average,
dwelling units in single- and two-family houses are about 119 m? and in multi-family houses 70
m? (Destatis 2022a). There are roughly two million heated non-residential buildings in Germany.
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Figure 2-2: Building stock in Germany 2021

(Source: Destatis 2022)

2.1.2 Japan

Of the 7,735 million m? of total building floor area in Japan, residential buildings account for
5,749 million m? compared to 1,987 million m? of non-residential buildings. About four thirds
(72.7%) of residential buildings are detached or row-houses, and about 60% are owner-occupied.
About 33% (646 m m?) of non-residential buildings are owned by the public sector (national or
local government), mostly administrative office buildings, schools, daycare centers, and other
care facilities.

Japan's population was 126.75 million as of 2018, with an average floor space per capita of 45.4
m?/person out of the total residential area. The growth rate of the population turned negative
for the first time in 2005 and has remained negative ever since, while the number of
constructions starts has been steadily increasing.
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Figure 2-3: Inhabited floor area per person in Japan

(Source: estimate of the population and Building Stock, Statistics, e-Stat)




2.2 Average age of building stocks, and structure of buildings’ age distribution

2.2.1 Germany

Around two thirds of the existing building stock in Germany was built before 1979. Compared

to new buildings, the energy demand in existing buildings is on average up to five times higher.
2.2.1.1 Residential Buildings

Figure 2-4 shows that for residential buildings respective dwellings, around two-thirds were built
before 1979, and almost half during the reconstruction after the damages of World War .
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Figure 2-4: Source: Destatis 2022

Since 1995, and particularly between 1999 and 2009, the annual number of new residential
buildings in Germany declined, before rising again after 2011. Currently, approximately 110,000
new residential buildings are constructed each year, with a noteworthy decrease by 9% in 2021
(Dena 2022).

Parallel to the declining number of new residential buildings, the number of demolitions has
decreased, but remains at very low levels below 10,000/year (Destatis 2022).

2.2.1.2 Non-residential Buildings

Similar to the developments in the group of residential buildings, the constructions of new build
has decreased considerably after 1979. The Institute for living and environment (German:
Institut fir Wohnen und Umwelt, abbrev.: IWU) categorized the construction age class in three
types: (a) old building (before 1978), (b) “Zwischenbau” (1979-2009) and (c) new build (after
2010).
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Figure 2-5: Building stock of non-residential buildings according to construction age class

(Source: IWU 2022)

2.2.2 Japan

Figures 2-6 and 2-7 show a comparative age distribution of existing buildings up to the year 2018.
Most residential and commercial buildings are constructed from the year 1971 to 1990. In Japan,
there has been a serious shortage of buildings since World War Il. Thus, for the last six decades,
construction activities in Japan have mainly focused on new building activities. A lot of houses
built in Japan in the 1950s-1970s were built cheaply and quickly to cater to a booming population.
At that time, the quality of buildings was not as important as it is today, and the standards were
very different from those of today.

In earthquake-prone Japan, earthquake resistance standards have been strengthened after each
major earthquake, and in 1981, based on the 1978 Miyagi Prefecture Off-shore Earthquake, the
earthquake resistance standards were fundamentally revised. However, approximately 10
million houses built before 1980 do not meet the new standards. In addition, about 90% of the
houses in Japan do not meet the current energy conservation standards because the energy
conservation standards for houses established in 1980 were recommended standards, not
mandatory standards.

In earthquake-prone Japan, earthquake resistance standards have been strengthened after each
major earthquake, and in 1981, based on the 1978 Miyagi Prefecture Offshore Earthquake, the
earthquake resistance standards were fundamentally revised. However, approximately 10
million houses built before 1980 do not meet the new standards. In addition, about 90 percent
of the houses in Japan do not meet the current energy conservation standards because the
energy conservation standards for houses established in 1980 were recommended standards,
not mandatory standards.
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Figure 2-6: Residential Building by Year of Construction as of 2018

(Source: Ministry of Land, Infrastructure, Transport and Tourism (2022)).
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Figure 2-7: Commercial Building by Year of Construction as of 2018

(Source: Ministry of Land, Infrastructure, Transport and Tourism (2022)).

2.3 Energetic characterization of building stocks

Given differences in the geographical characteristics (climate, likelihood of earthquakes,
humidity) of Japan and Germany the (energetic) characterizations of the buildings in both
countries also differ considerably with regard to the construction material, the insulation level.
These particularities are also partly reflected in different cultural habits, such as the usage of
floor heating and practice of a hot bath.

2.3.1 Germany

Around one third of the existing building stock in Germany was built before 1979 and thus before
the first Heat Insulation Ordinance came into force. Many of these old buildings have not been
fully renovated in terms of energy efficiency or have hardly been renovated at all, while new
buildings today have to meet high energy standards. Compared to new buildings, the energy
demand in existing buildings is on average up to five times higher.




Brick, followed by other masonry units, is the predominant building material used in residential
buildings built between 2000 and 2002. Until 2011, other masonry units also included sand-lime
bricks. From 2003, with the exception of 2010, other masonry blocks were predominantly used.
Since 2011, other masonry units have been subdivided in the statistics, so that bricks are the
predominantly used building material for residential buildings, with a share of around 34% in
2011 and just under 30% in 2021. The share of construction completions of wood-framed
residential buildings has increased from about 12% in 2000 to nearly 15% in 2010 and most
recently to about 19 % in 2021.

The building materials predominantly used in non-residential buildings in construction
completions from 2000 to 2021 were reinforced concrete, followed by steel. Other masonry
units, wood, and miscellaneous building materials were used over the years with minor
differences in the shares of total building materials. From 2010-2021, the share of reinforced
concrete in the building material use has increased with fluctuations. The total annual volume
of about 40,000 construction completions of non-residential buildings in 2000, decreased to
about 27,000 in 2010, and was only about 22,000 in 2021. In contrast, the share of wood
construction of non-residential buildings increased from about 12% in 2000 to about 20% in
2010 and 2021 (Destatis 2022b).

Commitments for new construction of efficiency houses or to renovate to efficiency house
standards have increased enormously since 2018. Efficiency houses are buildings with
particularly energy-efficient construction and building technology, with a better overall energy
performance than required by law. The energy performance of buildings is measured in terms
of transmission heat loss and annual primary energy demand. In new construction, efficiency
house commitments in 2018 were still just over 30,000; in 2021, they were already close to
150,000. Applications for renovation into efficiency houses have risen from around 12,000 in
2018 to 23,000 in 2020, due to adjustments in subsidy rates (dena 2022).

From 2010 to 2016, the energy refurbishment rate in Germany was around one percent per year.
The highest energy consumption is recorded in existing buildings built up to 1978. The overall
refurbishment rate of old buildings built up to 1978 in Germany was 1.4% in 2010-2016 (IWU
2018).

According to an estimate by the German Energy Agency (dena), around 36% of Germany's
existing buildings were retrofitted with insulation.! Due to subsidies for the Eastern German
states after German reunification, the total share of energy renovation in Eastern Germany is
about 16 to 22% higher than in the west. Roofs or top floor ceilings are the most frequently
retrofitted building components, followed by exterior walls and basement ceilings or floors
(dena 2019).

While single-glazed windows dominated in existing buildings from 1950 to 1978, uncoated
insulated windows were increasingly installed from 1970 onward. Since the mid-1990s, these
have been replaced by coated 2-pane thermal insulation glass with typical Uy-values of 1.3

1 The estimates are based on the building stock data from the Institute for Living and Environment GmbH (German: Institut Wohnen und
Umwelt, IWU) in 2018.




W/mK. Triple thermal insulation glass (Uy below 1.0 W/m?K) has been on the market in
Germany since 2005 (VFF / BF 2017).

According to a study by the Federal Association of Energy and Water Industries (German:
Bundesverband der Energie- und Wasserwirtschaft; BDEW), of the 18.9 million residential
buildings in Germany, 81.8% were equipped with central heating systems in 2019. About half of
these, 40.5%, are natural gas-fired, 29.8% oil-fired, and 2.8% wood or pellet-fired. 3.4% of
central heating systems are supplied by electric heat pumps, 5.4% are LPG/coal central heating,
gas heat pumps, and other central heating systems. Only 5.4% of all residential buildings are
heated with natural gas floor heating systems, 6.6% have district heating, and 6,2% have
individual heating systems such as (night) electric storage heaters, wood/pellet individual
heaters, gas individual heaters, coal individual heaters, and other individual heating systems
(BDEW 2019).
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Figure 2-8: Germany: Heating systems in residential buildings 2019

Of the approximately 215,839 residential building completions in 2020 and 2021, about 89% of
the buildings were equipped with central heating, 8% are supplied with district heating, and only
about 2% were built with block heating. The share of installed floor heating systems and
individual room heating systems was far below one percent in this period. 194 buildings were
constructed without heating (Destatis 2022c).

2.3.2 Japan

The traditional Japanese building method is the wooden structure. Starting from the 19%" century,
construction methods other than wooden construction methods were promoted for larger
buildings, because wooden buildings were considered vulnerable to fires and inferior in terms
of durability. According to the Ministry of Land, Infrastructure, Transport and Tourism (MLIT),
the average lifespan of a wooden house is 27-30 years, while for reinforced-concrete apartment
buildings, it is around 37 years.
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Figure 2-9: Structure type of residential building (FY2018)

2.3.2.1 Residential buildings

The Japanese government aims to increase residential and residential building’s energy
efficiency standard to achieve zero energy buildings (ZEHs) in newly constructed ones by 2030
and achieve stock average of residential and commercial buildings to achieve ZEH level by 2050.
A Net Zero Energy House (ZEH) is a house with an annual net energy consumption around zero
(or less) by saving as much energy as possible and using renewable energies while maintaining
a comfortable living environment. This can be achieved through better heat insulation, high-
efficiency appliance/equipment, and creating energy with photovoltaic power generation.

A large majority of 90% of the existing housing stock does not meet current energy efficiency
standards. By 2050, it is expected that a considerable number of houses will be rebuilt to meet
energy-saving standards. However, not all houses will be rebuilt and there will be leftovers of
old houses. Thus, in order to reduce the current residential energy consumption as soon as
possible, it is essential to promote insulation and energy-saving retrofitting of existing homes.
Housing business operators use government subsidies, such as for housing thermal insulation
renovation support projects using high-performance building materials to renovate the entire
house or partial insulation and energy-saving renovations.

Heating and cooling account for approximately 30% of the household energy consumption in
Japan. An energy-efficient home uses less energy for heating and cooling. In winter, the warm
airin the room does not escape, and in summer, heat from the outside does not enter the room,
so you can have a comfortable time with less energy for heating and cooling. In other words, it
can be said that an energy-efficient home equals comfort and well-being in housing. To realize
an energy-efficient home, the three pillars of an energy-efficient home are heat insulation, solar
radiation shielding, and air tightness.
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Figure 2-10: (Left)Thermal Insulation performance of about 50 million housing stock (FY2017) (Right) Housing

Insulation Performance

Health Benefits of Thermal Insulation: Case in Japan

High thermal insulation of residential buildings can yield such benefits as energy-savings.
Meanwhile, it is important to note the secondary benefit such as the effect on health or
wellbeing. In Japan, annually about 19,000 people died from heat shock caused by the
difference in temperature between the living room and the dressing room in the bath,
which is in contrast to the number of people died in traffic accidents at 2,610 in 2022. A
study by lkaga et al., presents the results of a questionnaire regarding how people’s health
conditions improve by moving to highly insulated and highly airtight housing. Specifically,
the improvement rates are: for cerebrovascular disease (84%), heart disease (81%),
diabetes (71%), bronchial asthma (70%), and arthritis (68%).

The effect of improving health condition through insulation is expected to reduce the
burden of medical expenses on household expenses. The secondary effect of reducing the
burden of medical expenses on the national government is significant as well. In the
research by lkaga et al., the secondary benefit of insulation per household is estimated to
be 27,000 yen per year which covers both the avoided burden of medical expenses and the
prevention of loss from work. On the other hand, according to the results of the above-
mentioned questionnaire, the total benefit per household is estimated at 12,000 yen per
year for the avoided medical expenses for heart disease and cerebrovascular disease, which
have the highest rate of improvement due to relocation, reduction, and prevention of lost
work time.

With reference to this, assuming the investment requirements for thermal insulation at one
million Yen, energy savings only can take 29 years to recover the cost. Meanwhile, health
benefits combined with energy saving benefits can improve the cost recovery to 21 years.
By considering the direct benefits of high insulation, the reduction of medical expenses for
households, the prevention of loss of work lost, and the effect of reducing social medical
expenses, it will be reduced to 13 years.

Box: The number of years required for cost recovery from thermal insulation
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2.3.2.2 Non-residential sector

The Japanese government aims to increase residential and commercial building’s energy
efficiency standard to achieve zero energy buildings (ZEBs) in newly constructed ones by 2030
and achieve stock average of residential and commercial buildings to achieve ZEB level by 2050.
A ZEB is a building with considerably reduced annual energy consumption by saving as much
energy as possible via better heat insulation solar radiation shielding, natural energy and high-
efficiency equipment as well as creating energy (e.g., with photovoltaic power generation), while
maintaining comfortable environments. To achieve ZEBs, the government of Japan has also
decided to introduce obligation for newly constructed buildings and houses to meet the energy
efficiency standards by 2020. The obligation to meet the standards has started to be phased in
for large-scale non-residential buildings based on the Building Energy Efficiency Law established
in 2015. The act expanded the mandatory sector to medium-scale non-residential buildings in
2021 and the all sectors including residential housing will be covered in 2025.
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Figure 2-11: (Left)Thermal Insulation performance of commercial building stock (FY2017) (Right) Commercial

Building Insulation Performance

Similar to the residential building stock, the majority of existing commercial building stock does
not meet current energy efficiency standards.
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2.4 Buildings’ energy intensity

Due to a number of measures aiming at better insulation of buildings as well as increasing the
overall efficiency of heating, cooling, and other electric and electronic appliances used in
buildings, the energy intensity of buildings has been gradually reduced throughout the years in
both countries.

2.4.1 Germany

While Germany’s overall per capita floor area has increased, there has been a reduction of the
energy intensity: The calculated energy intensity for 2020 for residential buildings amounts to
156.4 kWh/mZ?a as compared to 204.9 kWh/m?a in 2010, based on not-weather-adjusted data
(BMWK 2022). This can be related to improvements in the building insulation as well as in energy
efficiency of heating systems. While it is almost a 20% improvement, it is far not harnessing the
potentials yet (cf. Rauschen et al., 2020), and far too little for a cost-effective decarbonization
of the building stock.

Due to the predominantly central heating systems in Germany and the heating-dominated
climate (3,500 to 4,000 heating degree days, 10 to 50 cooling degree days incl. zero
dehumidification needs), a large share of the overall energy used in buildings is accounting for
heating. Notably, the energy used for cooling in residential buildings has first been measured in
2013, with considerably low values at 0.33 kWh/ m2a.

A new assessment of the floor area that non-residential buildings account for has only recently
been published again, which makes it difficult to show the development of the energy intensity
of non-residential buildings throughout the years. Taking the energy data from the year 2020
and the floor area from 2021, the overall energy intensity for non-residential buildings of the
year 2020 can be said to be approximately 136.2 kwWh/m?/2020 (BMWK 2022).2

Energy intensity in kWh/m?/2020 of non- Energy intensity in kWh/m2/2020 of residential
residential buildings buildings
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Figure 2-12: Source: BMWK Energy data (2022)

Again, heating accounts for the largest share of the thermal energy used in the buildings,
amounting to 85%.

2 Please note that the data for the floor area taken into account has been taken from the year 2021.
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2.4.2 Japan

In the residential sector, energy intensity in this section is defined as the energy consumption
per household. Based on Fig.2-13, it can be observed that Japan’s residential energy intensity
has increased up to 1995, then improved with a strong decoupling from its economic
development. From 1980 to 2020, Japan’s GDP per capita increased by 77%, while its residential
energy intensity improved by 3.8%.
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Figure 2-13 Trends in Residential Sector Energy Intensity, No. of Households, and GDP per capita
2.4.2.1 Non-residential sector

In the commercial sector, energy intensity in this section is defined as the energy consumption
per unit of floor space. The trend toward the service economy in the commercial sector and
increasing floor space have contributed to higher energy demand. From 1980 to 2020, Japan's
GDP increased by 90%, while its commercial energy intensity improved by 29%.
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Figure 2-14 Trends in Commercial Sector Energy Intensity, Floor Space, and GDP

2.5 Buildings’ energy consumption by usage and by type of energy

Developments in both countries to improve the energy efficiency has contributed to overall
reduction of the energy consumption in Germany and Japan. While the energy intensity has thus
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improved in both countries, the overall consumption of energy is still at a high level because of
an increase in floor space and the increase of (bigger) electronic appliances. To reduce the
overall energy consumption of buildings, the focus of Japan and Germany differs notably: While
Germany pushes for the improvement of insulation, Japan focus lays on improving the energy
efficiency of electronic appliances.

2.5.1 Germany: energy consumption by type of usage and type of energy

Following the introduction of higher standards (cf chapter 3) the overall energy consumption of
buildings per sgm has been successfully reduced. However, due to an increase of per capita floor
area, the energy consumption in the building sector remains high. In Germany, 36% of the total
energy consumption in buildings are attributed to non-residential buildings (dena 2022).

Figure 2-15 shows the final energy consumption for residential and non-residential buildings
over a time period of 25 years (1996-2021) sorted by usage (dena 2022). The total energy
consumption amounts to 907 TWh in 2021, while a great share of 817 TWh accounts for space
heating and hot water, of which 69% was used by private households. In comparison, only a
small share of 25% was used by the tertiary sector and 6% by the industry. While the total energy
consumption did not reduce further since 2014, the share of air conditioning has risen from 1%
in 2018 to 3% in 2021. The installation of air conditioning is increasingly coming into practice in
Germany. Other appliances are not included in these data.

In Germany, the energy amount used for space heating decreased between 1996-2014 from 658
TWh - 408 TWh and increased again to 459 TWh until 2021. The final energy consumption for
hot water has also increased from 92 to 106 TWh in 2021. Despite the effort to reduce final
energy consumption, no significant savings could be achieved in recent years. The reason for
this is the growth in population and floor area, which compensated for the reduction in energy
intensity especially since 2014.
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Figure 2-15: Energy consumption by usage in (non-)residential buildings in Germany

Source: BMWK Energy Data 2022
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Figure 2-16 illustrates how the type of energy source/final energy evolved since 2010. The
greatest share still contains oil and gas, which constantly remain by about 75%, although the oil
demand decreased by about 4%. Gas takes the largest share for hot water with 58%, followed
by electricity with 14% and oil with 13%. The picture is similar for space heating in residential
buildings. Here, gas also accounts for the largest share (48%), but here followed by renewables
(21%, mainly wood) and oil (17%).

District heating decreased from 16% to 5%. The share of renewable energies increased from 3%
to 15% for heating and hot water since 2008. However, the share of renewables only gradually

increased since 2017.
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Figure 2-16: Energy consumption by type of energy (in PJ)
Source: BMWK Energy data, 2022

Electronic appliances for various purposes are on the rise in Germany. Among the most populated ones
are televisions, followed by DVD players and dishwashers: More than 96% of all Germans have at least
one TV at home (2000-2022). A considerable high percentage also possessed a dishwasher in 2022
(74.6% as compared to 48.3% in 2000) or a Personal Computer (92% in 2022 as compared to only 47.3%
in 2000). While the overall distribution of DVD players has increased throughout the early millennium
years (14.1% in 2002 compared to 70.8% in 2010), they seem to have been replaced recently by Blue-
Ray-only-Players amounting to 24.8% in 2022. Other important electronic appliances concern tumble
dryers (31.8% in 2000 and 42.7% in 2022) as well as dishwashers (48.3% in 2000 and 74.6% in 2022).
Such an increase in numbers of electronic appliances contributes to the overall energy consumption
of households.
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Figure 2-17: Electronic appliances in Germany (2000-2022

Source. Statista 2023

2.5.2 Japan: Energy Consumption by usage and by source
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In the residential and commercial sector, energy is utilized for various purposes like heating,
cooling, kitchen utilities, hot water, lighting/appliances. Energy consumption by lighting/
appliances continues to grow, driven mainly by increasing numbers of buildings and ownership
of appliances and digital gadgets.
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Fig.

2-1: Comparison of energy consumption by usage in residential (left) and non-residential buildings (right)

Figure 2-18 shows that energy consumption and end-uses in Japanese households differ
significantly from other developed nations. Japan’s energy consumption for “heating” is
particularly low, while the consumption of “hot water” is higher. It is mainly due to the
differences in heating methods and different climates. While people in other countries heat/cool
their homes using central controlled system, most Japanese housings are using “intermittent
heating/cooling.” Japanese people heat/cool their homes only at the place and time they require
heating/cooling. In addition, the Japanese practice hot water bath, which results in higher
energy consumption in “hot water” compared to other nations.
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Figure 2-18: Comparison of residential energy consumption by country

The socioeconomic development has raised living standards and directly contributed to the
overall increase in residential and commercial buildings’ energy consumption. Below figures
show the historical trends in the energy consumption of residential and commercial sectors by

type and usage

Figures 2-19 show the historical trend of residential and commercial energy consumption by

type. Electricity consumption has increased

electric appliances, and shifts from oil and coal. From 1980 to 2020, residential electricity

significantly due to the increase ownership of

consumption increased by 18%, while commercial electricity consumption increased by 34%.
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(Source: EDMC Statistics (2022).

residential (left) and non-residential (right)
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Table 2-1: Ownership rate of appliances (units/100 households)

1980 1990 2000 2010 2020
AC 57.9 126.5 | 2174 | 2599 | 2827
TV 1509 | 201.3 | 230.6 | 239.6 | 207.6
DVD - - - 133.1 122.5
Computer - 12.7 65.8 122.9 128.3
Washlet - - 53 95.9 113.2

The socioeconomic development has led to a widespread diffusion of electrical appliances and
increased electricity consumption. The average ownership rate of household appliances has
been growing steadily from 1980 to 2020. Nevertheless, as a result of rising electricity prices
observed from 2011, people are shifting towards more energy-efficient appliances, albeit at
relatively higher costs.
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3 Policies and Strategies towards Decarbonization

3.1 Overview of major existing policies

3.1.1 Germany and the European Union

In 1979, the first Heat Insulation Ordinance was introduced, setting new energy efficiency
standards for German buildings. Often, the policies in Germany are required and guided by EU
directives (cf textbox “EU regulations and its impact on Germany’s policies” at the end of this
chapter). In addition to regulations described in 3.1.1.1 that are imposed on building owners,
there is also a number of information and advice programs as well as financial
incentives/financing mechanisms to support them in implementing energy efficiency measures,
such as energy renovation and exchange of heating systems (cf 3.1.1.2).

Among the major existing policies aiming at improving the building sectors’ energy efficiency are

the following:

1) Energy performance and renewable energy requirements, and the Buildings
Energy Act (Gebaudeenergiegesetz, GEG)

2) Energy performance certificates and energy advice programs

3) Financial incentives and financing schemes

In addition to specific energy efficiency policies for buildings, there is also the German Climate
Protection Law that sets sector targets, including for the building sector (cf. chapter 3.2).
Following the revision of the German Climate Protection Law in 2021, the sector targets have
been tightened, now aiming at a reduction of annual emissions by 53 Mt CO; (44%) until 2030
in the building sector. So far, however, little progress has been made. Generally, the GHG
emissions gradually decreased since 1990 with a sharp decline in 2020 due to the pandemic (cf.
fig. 3-1). However, particularly the transport and the building sector missed their targets for
2020 and 2021. Accordingly, substantial additional measures are necessary to eventually meet
the targets in 2030, cf. chapter 3.2.
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Figure 3-1: Sector specific development of GHG emissions in Germany (UBA 2022a)
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3.1.1.1 Buildings Energy Act (GEG)

The Buildings Energy Act (GEG) was introduced on 01.11.2020. It is a combination of the Energy
Saving Act (EnEG, 1976-2020), Energy Saving Ordinance (EnEV, 2002-2020) and Renewable
Energies Heat Act (EEWarmeG, 2009-2020) into a uniform set of regulations. Compliance with it
is mandatory for new buildings and in case of major renovation,® when energy-efficient
renovations are required. The GEG is the legal basis for the energy assessment of residential and
non-residential buildings. It represents a uniform system of requirements in which thermal
insulation and the overall performance of the building envelope, energy efficiency of the
installed systems, and renewable energies are integrated.

Buildings Energy Act (GEG): Energy performance requirements

The German law distinguishes between requirements for new buildings and renovations as well
as between residential and non-residential buildings:

For new buildings, requirements are set for the annual primary energy demand of the building,
the energy quality of the building envelope and the use of renewable energies. When defining
the primary energy factors of energy sources, the energy demand for extraction, processing
and transport of the energy sources is considered by means of lump-sum primary energy
factors.

Residential buildings’ energy requirements are set for heating, domestic hot water, ventilation,
and cooling. Non-residential buildings also have energy requirements for the same end uses
plus lighting.
The maximum allowed value for the annual primary energy demand of a new building is
determined individually for each building, based on a reference building with the same shape
and size.
According to current legislation, the annual primary energy demand of new planned buildings
with the planned thermal insulation and technical equipment must currently be at least 25 %
below the annual primary energy demand of the reference building.
Figure 3-2 presents an example of the development over time of the requirements for new
residential buildings (step curve), following advances in research and development (lower curve).
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Figure 3-2: Evolvement of energy performance requirement for new residential building

(Source: Hans Erhorn, Head of Department of Energy Efficiency and Indoor Climate, Fraunhofer IBP) 2022

3

Major renovation is defined as ‘more than 25% of the surface of the building envelope undergoing renovation’ (for whichever reasons).
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3.1.1.2 Energy performance certificates

A building that is sold or rented must have an Energy Performance Certificate (EPC) according to
the building energy act. The final and primary energy demand are shown in the EPC. Calculation
is based on DIN 18599 Energy Performance of Buildings. For residential buildings, there is an
energy classification on an A+ to H scale (cf. Appendix).

® |t must be presented to interested parties at the latest when viewing the
property.

® After conclusion of a purchase, lease, or rental agreement, it must be handed
over.

® |t is also an orientation for the energetic building renovation and shows
energetic deficiencies of the building as well as possible measures to improve
the energy performance.

3.1.1.3 Energy advice system and financial incentives for energy consulting for residential

buildings

The current directive on the promotion of energy consulting for residential buildings came into
force on 01.02.2020. Comprehensive energy consulting for residential buildings is eligible for
grants, in case of the German form of a renovation passport with 80% of the cost. This type of
an energy refurbishment concept must show to the building owner how a residential building
can be comprehensively refurbished for energy efficiency step by step over a longer period or
how, with the help of the comprehensive refurbishment, an efficiency house standard can be
achieved that can be funded by the federal government.

3.1.1.4 Financial incentives for energy-efficient renovation and renewable heating systems

The funding for financial incentives and soft loans for the energy efficiency of buildings and the
use of renewable heat is provided since ca. 2005. The last major revision of the programs was
on 01.07.2021. It is now named federal funding for efficient buildings (BEG). The total amount
of government spending for these programs used to be around € 2 billion per year and was
increased to around € 5 billion/year in 2021/22 as a countermeasure against the recession
caused by Covid-19. The BEG contains three subprograms: (1) residential buildings (systemic),
(2) non-residential buildings (systemic) and (3) individual measures.

Financial support is offered for systemic measures, with which a specified efficiency level of the
entire building is achieved during the renovation or new construction of buildings. The new or
renovated building has to meet the requirements of a so-called efficiency house standard. The
higher the energy efficiency standard, the higher is the grant, up to 20% in renovation. Grants
are also offered for individual measures for the energy-efficient refurbishment of residential and
non-residential buildings.

Applicants can choose between a loan with a reduced interest rate and a grant component or a
direct investment grant. Prerequisite is a compliance with minimum technical requirements, and
an approved energy efficiency expert must be involved, who accompanies the subsidized
construction measures and certifies compliance with the subsidy requirements. Specific
requirements for an efficient building are defined in terms of the annual primary energy demand,
as a percentage of the demand of the reference building as defined in the GEG.
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The use of renewable energies in residential as well as non-residential buildings is rewarded with
a 5% higher grant and a € 30.000 higher maximum subsidy amount for each efficiency house
class. To achieve this renewable energy class, at least 55% of the heating and energy
requirements of the efficiency house must be covered by renewable energies or waste heat.
Alternatively, the consideration of sustainability aspects in non-residential buildings is rewarded
with the higher maximum subsidy amounts for each efficiency house class too. With
sustainability certification, energy-efficient non-residential buildings can achieve the so-called
sustainability class for the higher grant percentage limits.

3.1.1.5 Lifecycle Assessment and Embodied Energy (non-renewable primary energy) —

Existing Policies

Requirements for CO, eq. kg/m? (GWP) and non-renewable primary energy MJ/m? (embodied
Energy) and other environmental impacts, have existed in the German sustainability certification
systems (DGNB (German Sustainable Building Council) and BNB (Assessment System for
Sustainable Buildings) since 2008. A life cycle assessment (LCA) must be carried out for all
buildings to be certified.

Since July 2021, the federal government has been promoting sustainability aspects through its
own NH-Klasse (Nachhaltigkeitsklasse, engl. sustainability class) as part of the BEG. The required
proof for the financial support is provided by awarding the building related QNG (Qualitatssiegel
fir Nachhaltige Gebaude, engl. Quality Seal Sustainable Building). The requirements for the QNG
include the following (using residential buildings as an example):

® General requirement: the building must be certified according to an approved registered
sustainability rating system.

® Specific requirements (selection): Compliance with defined requirements for greenhouse
gas and non-renewable primary energy. Use of wood from sustainable forestry for at least
50% of wooden building parts.

® There are different requirements for residential and non-residential buildings.

Since about 2010, data and calculation tools are available free of charge for LCA calculations (cf.
Appendix).

3.1.1.6 The EU Ecodesign Regulation

In 2005, the EU agreed on the Ecodesign Directive which aims at reducing the environmental
impact of energy-related products by setting minimum requirements for the product design.
Energy-related products refers to products that either do or do not directly need energy to be
operated but partly influence the energy consumption (e.g., the amount of (hot) water running
through a shower head). Importantly, the directive, that has been revised in 2012 and 2016,
takes into account not only the energy used to operate the products but the entire life cycle of
the products. The Energy-Related Products Act (EVPG) transposes the directive into German law.

In addition to self-regulatory initiatives by the industries, certain products are subject to strict
regulation if:

® they reach an annual sales volume of 200,000 pieces and more
® they have a significant impact on the environment according to the defined
priorities of the European Commission (cf. 1600/2002/EG)
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® considerable potential to improve the environmental-friendliness without

causing excessive costs

The current list of products subject to regulations comprises a number of 29 products, among
them refrigerators, circulation pumps, dish washers, windows, insulation materials and light.

According to the estimation of the European Commission, the release of ten new Ecodesign
regulations in 2019 will potentially lead to energy savings amounting to 167 TWh by 2030, which
corresponds to roughly 46 million tons of CO..q. Based on this EU regulation, the industries’
competitiveness is ensured while their costs for energy and resources are reduced.

EU regulations and its impact on Germany’s policies

Since 2002, the EU has a framework directive on the overall Energy Performance of Buildings
(EPBD, currently Directive 2018/844/EU). Together with the Energy Efficiency Directive
(2012/27/EU), the EU thus established a legislative framework to boost the energy performance
of buildings among the Member States, aiming at:

e a highly energy efficient and decarbonized building stock by 2050

e astable environment for investment decisions

e the provision of information enabling consumers and business to make more informed
choices to save energy and money

It has been revised twice since then, and it requires the EU Member States to implement certain
types of policy instruments as listed below:

1. long-term renovation strategies aiming at the decarbonization of the
national building stock by 2050 (with indicative milestones for 2030 and
2040) aligned with the national energy and climate plans (NECPs)

2. minimum energy performance requirements for new buildings for existing
buildings undergoing major renovation, and for the replacement or retrofit
of building elements like heating and cooling systems, roofs and walls

3. forall new buildings built after 2021 (for all new public buildings since 2019)
the nearly zero-energy building (NZEB) standard applies that energy
performance certificates — energy performance certificates must be issued
upon sale and rental
regular inspections for heating and air conditioning systems are required

5. once exceeding a certain size, car parks must provide the necessary
infrastructure for electro-mobility

6. enabling the installation of smart technologies (e.g., devices that regulate
temperature at room level) that also address health and well-being of users

7. ensuring the improvement of energy efficiency of buildings by providing list
of national financial measures (increasing transparency)

8. (based on the Energy Efficiency Directive) ensuring that at least 3% of the
total floor area of public buildings undergo energy efficient renovations

It is, therefore, the EU framework for most of the national policy measures presented above.




3.1.2 Japan

3.1.2.1 History (from energy intensity)

The two oil crises in the 1970s triggered the establishment of “The Energy Conservation Law”
(hereinafter referred to as EC Law) in 1979 to promote energy saving and energy conservation.
Historically, EC law was enacted to improve energy efficiency in the industry sector. To cope
with climate policies and rising energy consumption, the EC law was amended to include the
residential and the commercial sectors. When the Kyoto Protocol came into force in 1998, Japan
was required to accelerate further energy conservation efforts to achieve its GHG emission
reduction target. In 1998 the Top Runner Program was introduced in the revision of the EC Law
to save energy consumption in the residential and commercial sectors by setting ambitious
efficiency targets for appliances. It is now considered one of the most significant climate policies
of Japan, as the Top Runner Program covers 70% of appliances energy usages.

After the Great East Japan Earthquake in 2011, Japan faced an energy crisis in its electric power
supply due to the nationwide shutdown of nuclear power plants. It was necessary for Japan to
secure the effective utilization of fossil fuels and increase renewable energy to make up for the
generation losses from nuclear power. On top of these supply-side-measures, it was necessary
for Japan to improve the energy efficiency and conservation of residences, buildings, facilities,
and equipment in the commercial and residential sectors. Against this background, the EC Law
was revised to add measures relating to (1) the promotion of electricity demand leveling and (2)
the expansion of the Top Runner Program to include further energy-consuming equipment.

1979 Energy Conservation Law
Envelope Standard Primary Energy Use Standard
1980 | Class 2 Standard

1992 Class 3 Standard, Heat Loss(Q) and Solar Heat Gain
(1) Coefficient

1999 | Class 4 Standard, adding Air Tightness ( C)

2006 Energy Performance reporting (non-res.,FS>2000m?)

2009 Ener&y Performance reporting (non-res. 2,000>Fs>300m?)
Top Runner Housing (Built Single Home suppliers)

2013 | 2013 Standard, Heat Loss (Ua), Solar Heat Gain Primary Energy Use Standard, with 8 climate regions

na) Coefficient

2015 Building Energy Conservation Law

2016 | 2016 Standard Mandatory Energy Performance (non-res. Fs>2000m?)

2021 Mandatory Energy Performance (non-res.,2,000>F5>300m?)

2025 Mandatory, all new housing and buildings

3.1.2.2 Top Runner Program (from consumption by type)

The products covered in the Top Runner Program are chosen by their high energy usage or
widespread usage in the community. After the introduction of the program, the targeted
products’ energy efficiency has increased and the number of items covered has been expanded
to 32 appliances/technologies.
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Figure 3-3 Annual AC Electricity Consumption (standard kWh/yr for a unit of 2.8kW)

Energy efficiency standards are set to be achieved within a given number of years based on the
most efficient model on the market (the ‘Top Runner’). Manufacturers’ weighted average
product sales are analyzed to evaluate compliance with the standard. Manufacturers must
ensure that the weighted average efficiency of the products they sell in a target year achieves
the standards. Therefore, not all of a manufacturer’s products have to meet the standard, but
the weighted average of all products has to be. This flexibility enables manufacturers to provide
a wide range of models to meet the market demand while guiding the overall market to higher
energy efficiency.

The Energy Conservation Act requires major appliances to achieve target efficiency performance
and the performance labeling to be displayed.
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Table 3-1: Major appliances and their target EE performance

Appliance EE target update Improved Efficiency

Room Air APF 6.6, with capacity < 4.4kW 2022 14% more efficient with

Conditioner APF 5.3-6.6, proportional with Capacity Capacity <4.4kW
16%-35% more efficient
with Cpacity>4,4kW

Refrigerator kWh consumption, with a product storage volume 2020 22% more efficient than
2014 Standard

Hot Water Efficiency ratio to the input energy 2021 5%-7% more efficient

Boiler

Gas Cooking Wh: input energy 2019 16%-25% more efficienct

Stove

Lighting and Lm/W: unit consumption 2019 Overall improvement

bulbs 293%
Fluorescent lamp 6.6%
improvement
LED lamp 51%
improvement

Table 3-2: Housing and Building Energy Efficiency Performance

Segment Material update Improvement

Wall Standard heat loss prevention performance: 2020 0.5%-6.2% improvement

Insula'Fion Polyethylene foam:0.03232, Glass foam: 0.04156, from 2012 Level

materials Slug foam: 0.03781

Window Heat Loss Prevention Performance Formula, with 2019 3.0%-15.4% improvement

Sashes the window area and the Sache types from 2012 Level

Double Heat Loss Prevention Performance 2019 7.3% improvement from

painted <2 mm: 3.85 2012 Level

Window .

2 mm-16 mm: U=—1.00In (thicknee)+4.55
16 mm<: 1.77

3.2 Recent or planned changes including amendments of existing policies

3.2.1 Germany

3.2.1.1 Buildings Energy Act (GEG)

From 2023, Efficiency House 55 will become the standard for new buildings (regarding primary
energy demand but not for thermal insulation requirements). From 2025, the Efficiency House
40 will be the standard for new buildings. From 2024, the renovated components of major
conversions and extensions to existing buildings must comply with the Efficiency House 70
standard.

From 2024, every newly installed heating system should use at least 65% of renewable energy,
which is expected to boost heat pumps and district heating but also biomass. Details are
currently defined.

From the beginning of 2026, boilers fueled with heating oil or solid fossil fuels may only be put
into operation if certain conditions are met, such as no alternatives using renewable energies
being available. For this reason, the maximum operating time of purely fossil natural gas and oil
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boilers is to be successively limited in the Building Energy Act from 30 to 20 years from 2026,
reaching the 20-year limit in 2045. Oil and natural gas boilers installed up to 1996 may still be
operated until 2026 at the latest.

3.2.1.2 Federal funding for efficient buildings (BEG)

Details of the grant and loan schemes are adapted from time to time to changes in the market,
such as commercial interest rates, renovation costs, and energy prices. Details of the changes
implemented in 2021/22 and planned for 2023 are presented in the Annex. Here, we only
highlight some important changes. The total amount of government spending for these
programs will be increased to € 12 to 14 billion/year until 2026, increased from around € 5
billion/year in 2021/22. The funding amount for very energy-efficient new buildings will be
reduced, the focus will be on energy efficiency renovation of existing buildings in the future. The
subsidy for new buildings (efficient house 40 with sustainable class) will be continued until
February 28 (2023) on a transitional basis. From March 1 (2023), new buildings are to be
subsidized via a new guideline.

A Worst-Performing-Building-Bonus (WPB-Bonus) for the refurbishment of the energetically
worst buildings will be 10 percentage points of the investment, based on the worst classes of
energy performance certificates. In addition, the WPB-Bonus is to be available not only for
refurbishment to Efficiency House 55 and 40, but also for refurbishment to Efficiency House 70
with renewable energy class.

For residential buildings, a new bonus for “serial refurbishment” (SerSan bonus) of 15
percentage points of the investment will be introduced, which can additionally be claimed in the
case of refurbishment to efficiency house 55 or 40.

3.2.1.3 Federal funding for efficient heating networks

The German government wants to support and accelerate the decarbonization of heating and
cooling networks in Germany with a new financial incentive program. Two areas are targeted
with subsidies of 40-50 % of the investment: 1) the construction of new heating networks with
high shares of renewable energies and waste heat as well as 2) the expansion and
transformation of existing networks.

3.2.1.4 Municipal heat planning

Municipal heat planning is considered important to provide guidance to building owners and
energy suppliers on which buildings would be served by either district heating or individual
heating in the future. Denmark has a successful history of more than 40 years with this tool, and
it was the basis for the very high share of both district heating and renewable energies in heating
the country’s homes and buildings (State of Green 2018; Ea Energy Analyses & Viegand and
Maagge 2020). With a revision of the municipal guideline, an impulse subsidy for municipal heat
planning has been introduced as of November 1 (2022). The federal government wants to legally
obligate the states to have heat plans drawn up for a certain portion of the population and an
associated space heating requirement (e.g., 75 percent).

In the new funding priority, the preparation of municipal heat plans by expert external service
providers is supported with a grant. If applications are submitted by the end of 2023, the subsidy
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amounts to 90% of the total eligible expenditure; for financially weak municipalities and

applicants from lignite regions, the subsidy amounts to 100%. After that, the grant rates are

reduced to 60% and 80% respectively. After the federal law for municipal heat planning comes

into force, every obligated municipality should have drawn up a heat plan after three years at

the latest. The heat plans are to be updated every five years

Developments in EU policies:

The European Green Deal and Fit for 55 and Revision of the EU Buildings Directive

In the context of the European Green Deal, the EU agreed on the Fit for 55 package aiming at
an overall reduction of 55% of the GHG emissions in the EU until 2030. To achieve this
ambitious target, efforts in the building sectors need to be reenforced. Against this background,
the European Commission published its a proposal for the recast of the EU’s Energy
Performance of Buildings Directive (EPBD) in December 2021.

After the Commission proposal, the European Council and the European Parliament have
debated it, and an agreement is expected by the summer of 2023.

The main objectives of the revision are that all new buildings should be zero-emission
buildings by 2030 at the latest and that existing buildings should be converted into zero-
emission buildings by 2050.

A “zero-emission building” is a building with a very high overall energy efficiency that
requires no or a very small amount of energy, produces no CO, emissions from fossil fuels
on site, and produces no or a very small amount of operational greenhouse gas
emissions.

An important proposed new element is a mandatory requirement that the worst-
performing buildings must improve to a certain energy performance level, closer to
today’s average level, by certain dates between 2027 and 2033. This is called ‘minimum
energy performance standards’.

From 2025, Member States shall introduce ‘renovation passports’ on a voluntary basis.
These include a roadmap on how stepwise energy efficiency renovation can lead to a
very energy-efficient zero-emission status in the end.

Life cycle assessment is to become mandatory throughout the EU from 2027 for large
new buildings and from 2030 for all new buildings.

In addition, there are lots of smaller amendments to improve the effectiveness of the
existing provisions, cf. chapter 2.5.1.

Link: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52021PC0802

In June 2022, housing-related legislation mainly including the law about energy consumption

performance gain of buildings (hereinafter called as “Building Energy Conservation Law”), the

Building Standards Act and the Architectural Act was revised. The revision aims at a

decarbonized society by encouraging the installation of renewable energy equipment (e.g., PV

panels, solar heat, underground heat) in buildings and the use of wood in buildings. As a result

of the revision, the reduction of approximately 8.89 million kLoe in energy consumption for

homes and buildings in FY2030 compared to FY2013 is expected.



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52021PC0802

This series of revisions was realized based on the Roadmap of the Building sector
Decarbonization toward 2050 Carbon Neutral Society published in August 2021, which is
outlined in the next sub-chapter.

Under the current law, the obligation to comply with energy conservation standards is imposed
on builders of new constructions or expansion of medium- and large-scale (300 m? or more) non-
residential buildings, while only notification was required for medium- and large-scale (300 m?
or more) residential buildings. The current revision expands this obligation to include small-scale
non-housing and residential buildings, making it mandatory for all new residential and non-
residential buildings to comply with energy conservation standards. Specifically, before
construction of a building begins, a “building permit” is issued to confirm that the construction
plan complies with the Building Standard Law and other standards, and that compliance with
energy conservation standards is inspected together with structural safety regulations.

In consideration of the current situation of small- and medium-sized construction companies
and the inspection system, the implementation will start for buildings to be constructed in or
after 2025.

Building Energy Conservation Act (2015) 2022 Amendment
Non Residential Residential Non Residential Residential
Large Mandatory Performance Mandatory Mandatory
(FS >2,000m?) (2017 Apr.) Reporting (2017 Apr.) (2025 Jun.)
Medium Mandatory Performance Mandatory Mandatory
(300<F5<2000m?) (2021 Apr.) Reporting (2021 Apr.) (2025 Jun.)
Small Advisory notice Advisory notice Mandatory Mandatory
(FS<300m?) required required (2025 Jun.) (2025 Jun.)

Figure 3-4: Expansion of obligation to comply with energy conservation standards

Conformity to the standard will be required for additions and renovations by installing a certain
amount of heat-insulating materials and windows in the walls, roof, and windows of the
extension, and by installing equipment (air conditioning, lighting, etc.) with a certain level of
performance in the extension which meets the requirement of energy conservation standards.

With the expansion of the obligation to comply with energy conservation standards, the scope
of explanations to architects regarding compliance with energy conservation standards has also
been expanded to include all buildings (new constructions and additions).

The Energy Conservation Law revised in 2008 introduced the "Residential Top Runner System,"
which obliges businesses that supply more than a certain number of housing units in a year to
make an effort to meet, on average, a standard that exceeds energy conservation standards set
by the government ("Top Runner Standards") for newly supplied housing by the target year. The
current law covers detached houses for sale, custom-built houses, and rental apartments. The
current revision includes condominiums as well, with the aim of further improving energy-saving
performance.
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Housing Suppliers

Standard Design
Built Detached
Homes

Custom Built
Detached Homes

Multi Dwelling

Apartments
(low, lease/owned,
wood or steel)

Condominiums
(mostly high, owned,
steel)

Housing Developer

Constructors

Constructors

Constructors

>150 units > 300 units >1,000 units >1,000 units
Envelope All units must comply the Act requirements
Primary Energy Reduction The average reduction of sold units.
from the Act Requirement
(ZEH Level) another 15% another 25% another 10% another 20%
Year of Application From 2020 From 2024 From 2024 From 2026

Figure 3-5: Housing suppliers Top Runner Program leading to ZEH Level Performance

3.2.2.1 Promotion of introduction of renewable energy facilities

Renewable energy, mainly solar power generation, has been increasing since the introduction
of the Feed-in-tariff (FIT) scheme in 2012, but to achieve the Green House Gas emission
reduction target, it is necessary to expand the use of renewable energy in the building sector.
On the other hand, since solar power generation is greatly affected by climate and location
conditions, it would be more effective for municipalities to promote the installation of
photovoltaic power generation based on local conditions rather than for the government to
establish uniform regulatory measures throughout the country. Based on this recognition, the
current revision requires municipalities to designate areas where solar panels and other
renewable energy facilities must be installed (“renewable energy use promotion areas”) and to
prepare promotion plans that include the types of renewable energy to be installed and
promoted. In particular, height restrictions, floor-area ratio restrictions, and building-to-land
ratio restrictions for buildings that conform to the promotion plan will be relaxed in the
promotion zone through a special permit system, thereby encouraging the accelerated
installation of renewable energy facilities.

A few municipalities implemented higher insulation grades with grant incentives, and Kyoto City
has implemented mandatory rooftop PVs on new constructions. Kyoto's ordinance currently
applies only the non-residential buildings, with constructors' obligation to advise the owner to
install rooftop PVs. Tokyo metropolitan government is planning to implement the same
ordinance in 2025.

In addition, architects will be held accountable for explaining the effects of installing renewable
energy to building owners. Under this revision, an architect who, in the designated areas, is
commissioned to design a building with installed renewable energy must explain to the owner
certain matters related to the renewable energy facilities, such as the types and scale of
renewable energy facilities that can be installed, the amount of energy created by the
installation, and the effect of reducing utility costs.

The feed-in-tariff program with the rooftop PV is already phasing out, and it is best to use
rooftop PV-generated electricity to be fully utilized at the premise. Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) and the Ministry of Economy, Trade, and Industry
(METI) are vigorously promoting the deployment of battery storage in the building sector along
with rooftop PV installation. The ministry of environment (MOE) provides a leading net-zero
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community subsidiary program. The applicant with rooftop PV and battery storage can receive
up to 75% of the system/installation costs.

3.2.2.2 Rationalization of building standards to promote wood use, etc.

The use of wood is expected to have carbon fixation and emission reduction effects. Therefore,
the rationalization of building standards has been implemented to promote the increased use
of wood in the building sector, which currently accounts for 40% of the total demand for wood.

Wood materials have been popular in housing construction in Japan for a very long time. MLIT
acknowledged the importance of the wood material promotions in the 2015 White Paper, with
the long-term policy on the LCA (Life cycle assessment) low carbon housing or even an LCCM
(Life Cycle Carbon Minus) housing. Wood materials carry lower embodied carbon than concrete
and steel materials. Good forest management in the wood material industry is perfect for a
carbon-neutral target country, such as Japan.

The study group of MLIT has been working on the expansion of the wood material use and
necessary building guidelines and code amendments. The structural strength, especially the
joint and the section, is one of the challenging issues. There are a few design-load changes, a
roof weight considering wet snow conditions, heavier insulated walls and windows, and a
rooftop PV panel. These heavier material uses also affect earthquake resistance designs.

The continuous R&D on fire-resistance materials made it possible to use fire-resistance materials,
external layers, pillars, and walls made possible to survive a fire for several hours (Fig.3-6).

Surface component

Burning component \
Structural component %

Figure 3-6: Examples of new wood materials in Japan

33



Fire prevention regulations

Currently, when a large-scale wooden building over 3,000 m? is constructed, the walls and pillars
must be fireproof, or each 3,000 m? must be divided by a fireproof structure. However, if the
walls, pillars, etc. of a wooden building are fireproof, the wooden portion must be covered with
noncombustible materials such as gypsum board, making it difficult for users to appreciate the
quality of the wood. In addition, when measuring off the building with fire-resistant structures,
it is necessary to bisect the building, which imposes significant design constraints. Furthermore,
all structural elements such as walls and columns are required to be fire-resistant without
exception, making it difficult to use wood in parts of the building. Such regulation made it difficult
to use wood for large-scale buildings in low-rise areas. There were no detailed standards
regarding the required performance of fire-resistant structures according to the number of
floors.

The revision relaxes these regulations and introduces a new structural method for large-scale
buildings over 3,000 m?that allows the design of exposed structural elements, thereby promoting
the use of wood in large-scale buildings. For large-scale buildings that are required to have fire-
resistance performance, partial wood construction is possible for walls and floors to the extent
that it does not interfere with fire prevention and evacuation.

In addition, the fire-resistance performance requirements for fire-resistant construction
according to the number of stories have been streamlined for mid-rise buildings, which are in
high demand for fire-resistant design using wood construction, and the bottom floor of buildings
with five to nine stories can be designed with a 90-minute fire resistance rating.

The new standard also allows the wooden construction of the lower floors by treating the upper
and lower floors as separate buildings under the fire prevention regulations, which are divided
by high fire-resistance walls and corridors with sufficient separation distance.

Regulation Changes in structural calculation

Under the current law, structural calculation is not required for wooden buildings of 2 stories or
less and total floor area of 500 m? or less. However, the number of buildings with large spaces
has been increasing due to diverse needs, and it has become necessary to ensure structural safety
for these buildings.

In addition to expanding the use of wood, the revision lowers the scale of new wooden buildings
requiring structural calculation to a total area of 300 m? to ensure structural safety.

Under the current law, when constructing a wooden building that exceeds 13 m in height or 9 m
in eave height, structural safety must be confirmed through advanced structural calculations
(e.g., allowable stress calculations), and only a first-class architect is allowed to design or
supervise the construction. This revision expands the scope of buildings that can be designed by
a second-class architect using simple structural calculations to include buildings with three or
fewer stories and a height of 16 m or less.




3.2.2.3 Promotion of energy consumption performance labeling

The building EE code requires the building EE performance label to be displayed in the
advertisement of sales and rent. There are two types of labels, introduced in FY2009:

“Energy efficiency Performance Label” and “Insulation Performance Label”. The “Energy

I”

Efficiency performance Label” represents the primary energy consumption by heating/cooling,
hot water supply, and lighting. In contrast, the “Insulation Performance Label” means thermal
loss prevention by exterior walls, windows, and doors, with recommended levels as the next-

generation performance.

Each label has a different grade, the green-colored label is issued by an authorized third-party

organization audit, and the constructor's self-audit issues the blue-colored label (Fig.3-7).

Building-Housing
Energy-efficiency

- Labeling
System
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Figure 3-7: Housing and Building Energy Efficiency Performance Label

3.3 Future Directions for Meeting the 2050/2045 Carbon Neutral Target

3.3.1 Germany

In Germany, there is no official policy and technology roadmap or pathways for meeting the
2045 Carbon Neutral Target, at least not yet. However, the Climate Protection Law has defined
sectoral emissions reduction targets to be achieved year on year until 2030, which will be
presented here below.

In addition, there are several scenario modelling analyses of pathways for meeting the 2045
carbon neutral target from various organizations, some with government funding, some private.
A number of these have been analyzed in the study on long-term scenario analyses prepared by
the GJETC 2021/22 (Obane et al. 2022). These show quite similar technology pathways for a
GHG-neutral building sector, including:

approximately zero-emission performance for new buildings

highly energy-efficient renovation of ca. 2 % per year of the existing building stock as well
as very energy-efficient appliances, ventilation and cooling systems, and lighting
conversion of heating systems to

heat pumps (ca. 60 to 80 % of the stock in 2045)

green district heating (ca. 20 to 30 %, with large heat pumps; waste heat from industry,
waste incineration, data centers, etc; CHP or heat generation plants using waste
biomass; large solar thermal plants; and CHP using green hydrogen), and
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a few % of individual biomass heating in most studies

zero-carbon electrification of heat being enabled by conversion of power generation to
almost 100% renewable energy sources.

rooftop or other buildings-integrated PV is part of this shift to 100% renewables. It also
enables charging stations for BEVs. These, as well as heat pumps and district heating with
heat storage, must also be used as flexibility sources for the electricity supply network
and system.

3.3.1.1 Climate protection law (Klimaschutzgesetz) with sectoral targets

In April 2021, Germany experienced a ground-breaking step in its climate protection legislation,
when the Federal Constitutional Court (German: Bundesverfassungsgericht, BVerfG) ruled that
the German state was obliged to prevent any future disproportionate restrictions in the
fundamental liberties of today’s young generation (Constitutional Court 2021, 1 BvR 2656/18)
and forced the government to take immediate action. Thereafter, the targets of the climate law
from 2016 were tightened so as to achieve greenhouse gas emissions neutrality no later than
2045, with interim targets for greenhouse gas reductions until 2030 (-65% compared to 1990)
and 2040 (-88% compared to 1990). In addition, the sector targets for the energy, industry,
transport and building sectors until 2030 have also been tightened (cf. tab. 3-3) and will be
further specified in 2024 and 2032.

It should be noted that the sector targets are binding for the responsible ministries, and a
rigorous enforcement mechanism was decided in case that the reduction trajectories are missed.
Since the buildings sector missed achieving its 2020 and 2021 targets by a few mn tons of CO;
and is expected to miss it in the next few years as well, the two ministries in charge (Economic
Affairs and Climate Action; Dwelling, Urban Development, and Construction) released an
immediate reaction program in August 2022. It includes the planned actions presented in
chapter 3.1.1.

Table 3-3: Annual emission budgets for sectors according to the German climate protection law

[Million t CO2eq], Source: Climate Protection Law (2021)

Annual 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

emission
budgets in
million t
CO2¢q

Energy 280 * 257 * * * * * * * 108

Industry 186 182 177 172 165 157 149 140 132 125 118

Buildings 118 113 108 102 97 92 87 82 77 72 67
Transport 150 145 139 134 128 123 117 112 105 96 85
Agriculture 70 68 67 66 65 63 62 61 59 57 56
Waste and 9 9 8 8 7 7 6 6 5 5 4
others
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3.3.1.2 Planned energy efficiency law

At the EU level, there are energy saving targets for the Member States as a whole, regulated in
the Energy Efficiency Directive (EED, currently Directive 2018/2002/EU). These targets are not
binding to the EU Member States and not sector-specific, but they are formulated in terms of
absolute target volumes of primary and final energy consumption.

The German government is now planning to also add a specific energy efficiency law to the
climate protection law. The internal draft of October would set absolute overall target volumes
of primary and final energy consumption for 2030, 2040, and 2045. For 2045, these would be
equivalent to saving 57 % of primary energy and 45 % of final energy compared to 2008.

In addition, the law would obligate the federal government and the federal states to achieve
certain new amounts of energy savings each year through energy efficiency policies and

measures.

Although not sector-specific, it is clear that the buildings sector will be a major contributor for
the energy savings targets and measures. In addition, mandatory energy saving targets for the
public sector and obligations for medium to large enterprises to install energy management
systems or carry out energy audits will be regulated in the law. These obligations also cover
energy efficiency in public, commercial, and industrial buildings.

3.3.2 Japan

As for the long-term policy on the building sector decarbonization, three ministries, namely MLIT,
METI, and the Ministry of the Environment (MOE) have jointly published a “Roadmap of the
Building sector Decarbonization toward 2050 Carbon Neutral Society” in August 2021. The Study
group on energy-saving measures toward a decarbonizing society held meetings between April
2021 and August 2021, and the group proposed the roadmap in August 2021. The roadmap
expects long-term policies to approach energy efficiency and renewable energy measures with
the target milestones in 2030 and 2050.

3.3.2.1 The mid-term (2030) milestones

The energy efficiency building code expects the newly constructed buildings to conform to
“ZEH/ZEB Level” to as much as 80% by 2030. The “ZEH/ZEB LEvel” consists of the following:

® The building uses an extra insulation level in the thermal transition coefficient.

® The energy consumption is 30%-40% lower than a mandatory level in medium-
large buildings and 20% lower in small buildings.

® More than 60% of new construction single-family homes have rooftop PVs.

Table 5 shows the conformation level of the present market. It is not easy to achieve 80%
fulfillment on theZEH/ZEB Level by 2030.
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Table 3-4: The EE Code and the ZEH/ZEB Level conformation as of 2019

Residential EE Code ZEH Level Non-Residential EE Code ZEB Level
Residential 81% 14% Commercial total 98% 26%
total

Large 68% 0% Large Mandatory 32%
Apartment

Small- 75% 2% Medium 97% 21%
Medium

Apartment

Single Family | 87% 22% Small 89% 3%
House

3.3.2.2 The long-term (2050) milestones

The roadmap expects the long-term milestone with “the average performance with ZEH/ZEB” in
building stocks by 2050, with most buildings and housing have rooftop PVs where engineering
and economuically possible.The table below shows the roadmap milestones for residential and
commercial buildings in 2025, 2030, and 2050.

Table 3-5: The roadmap milestones in 2025, 2030, and 2050

2025 2030 2050
Residential EE Code applies to all new Higher EE Code with “ZEH The average EE
constructions. ready” applies to top-runner performance of the
Incentives to exceed EE Code constructions. stock achieves ZEH-
requirement (20% primary | 60% of new constructions | Level.
energy reduction) install rooftop PVs.
Non- EE Code applies to all new Higher EE Code applies to all The average EE
Residential buildings. new buildings. performance of the
Incentives to exceed EE Code | 30% reduction: in hospitals, | Stock achieves ZEB-
requirement (30-40% | hotels..,40% reduction: in | Level.
primary energy reduction) offices and schools (compared
to the code primary energy)

3.3.2.3 The approaches to energy efficiency improvement

The roadmap proposes effective measures according to the market characteristics, “Bottom-up”,
“Volume Zone”, and “Top Runner”. “Botttom-up” category represents a lower energy efficiency
building/housing market, constructed by mostly smaller size builders. “Volume Zone” category
represents most numbers of the constructions by both small and large constructors. The

government intends to extend “Top Runner” category from “Volume Zone” Category
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Table 3-6: Market characteristics according to roadmap

Market Bottom-up Market Volume Zone Top Runners

Regulation Most new buildings are to The multi-dwelling ZEH/ZEB is expected for
comply with the building EE apartments comply EE top-runner builders and
Code by 2025. Code. constructors.

More segments are
included in top-runner
programs.

Support Training programs are Municipals are expected to Incentives are provided for
provided to help improve lead local market better insulating materials
skills in insulation development with with the top runner
installations. incentives with ZEH/ZEB. labeling.

Incentive Incentives are provided for Incentives are provided for
exceeding the code, exceeding the code
indicating the upcoming requirement.
regulation.

3.4 Factors/Technologies for Buildings’ Carbon Neutral Target

3.4.1 Germany

3.4.1.

Greenhouse gas neutrality in the building sector means not only greenhouse gas-neutral
operation of buildings (energy consumption for heat and electricity), but also keeping emissions
low during construction and demolition (‘grey’ energy and embedded GHG emissions).

1 Zero-Emission-Building

In low-energy houses and buildings (e.g., Efficiency House 40 standard), a very highly effective
thermal insulation and usually also heat recovery ventilation is used, which minimizes heat loss
through the building envelope. In the case of a Passive House, it is limited to 15 kWh/m?/year,
and Efficiency House 40 standard requires similar values. In addition, zero-emission houses and
buildings cover their remaining energy consumption themselves by generating renewable
energy on site. In balance, the energy consumption of this standard is zero. Plus-energy houses
actually generate more energy than they consume themselves and can thus compensate for the
consumption of other houses. Both heat consumption and electricity consumption are taken
into account. Therefore, care is taken to install electric cooling systems only in exceptional cases
(e.g., some types of public buildings may need it, even under German climate conditions) in
order to keep energy consumption as low as possible.

In addition, heat pumps, solar thermal and photovoltaic systems, and energy storage systems,
as well as heating networks based mostly on renewable energy, are primarily used to supply the
buildings exclusively with renewable energy.

An important factor is also to expand the electricity mix in Germany with greenhouse gas-neutral
renewable energies, so that heat pumps can also be operated in winter with renewable energy,
if, for example, the building's own photovoltaic systems do not produce enough electricity. The
new renewable energy law of 2022 includes a target of expanding the share of renewable
energies in power generation to 80 % by 2030, and the objective is to reach close to 100% by
2035.
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3.4.1.2 Wood as a building material in Germany

By using wood or wood-based materials (or renewable raw materials in general) from
sustainable sources, a better greenhouse gas balance can be achieved from a climate protection
perspective compared to the use of conventional building materials. Current studies determined
the possible substitution performance of wood products in different construction methods.

In Germany, the share of timber construction in total construction activity varies greatly from
region to region. In the densely forested, southern German states, the share is over 20%, while
in the northern states the share is below 15% (Holzbau Deutschland 2020). In the future, it can
be assumed that the share of wood used for construction activities in Germany will increase to
approx. 25 - 41% by the year 2030 (Mantau et. al. 2017).

With a life cycle assessment, the material flow and energy balance can be drawn up and an
impact assessment can be made on this basis:

® The material flow and energy balance determine the amount of wood building materials used
and the amount of primary energy (renewable and non-renewable) required to produce
them.

® The impact assessment determines the environmental impact based on this, e.g., the
greenhouse gas potential (GWP) in kg CO, equ. per kg.

The CO; stored when trees grow is removed from the atmosphere and temporarily stored
(temporary biogenic carbon storage). Buildings made of renewable raw materials, such as wood,
act as carbon stores. At the same time, finite raw materials are substituted.

A greenhouse gas accounting study shows that the CO; savings potential for single- and two-
family homes ranges from 35-56%, while for multi-family homes it is 9-48% (Hafner et. al. 2017).

Therefore, a higher wood usage in buildings is a policy strategy published in the charter for wood
2.0 in 2017 (BMEL 2021). The wood usage in buildings is supported by well-known scientists,
experts, engineers, architects and planners through the initiative “Bauhaus der Erde” (Building
of the Earth) (Bauhaus der Erde 2022). The local government can set up financial incentive
programs and guidelines to use wood or wood-based-materials for buildings — so a lot of major
cities have done this already. Furthermore, when municipal land is sold, it can be included in the
purchase agreement and calls for urban planning competitions that the buildings are to be
constructed in wood — what only a few cities have done so far. It is difficult for municipalities to
set targets for the use of wood via other instruments due to restrictions in the German tendering
and procurement law.

3.4.1.3 Recycling management

Finally, deconstruction must be considered. This is because if building materials can be
separated according to type, they can usually be reused in other products or buildings. This
extends the life cycle of the building material as well as the balance of the building material, but
also the GHG balance of the products in which the building material is used, is further improved
and the use of other resources is avoided (resource efficiency).
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3.4.2 Japan

3.4.2.1 The building electrification

There are growing trends and interest in building electrification in the carbon-neutral policy
arena, replacing gas furnaces and boilers with electric heat pumps and the gas cooking stove
with electric induction heating stoves. While all-electric housing has been a significant choice in
the new housing market for two decades in Japan, such building electrification policy is not
currently highlighted in the carbon-neutral policies in Japan. The all-electric housing market was
fast growing until 2011's great East earthquake. The electric supply shortage has become a new
normal until today, and the supply shortage may not go away anytime soon.

However, a decade-long all-electric housing market has learned lessons, especially the
deployment in the existing buildings/housing. Many multi-stories buildings and apartments have
implemented tankless gas boilers, usually wall-mounted with small projection spaces. The heat
pump boiler needs a sizable installation space with little available space. One of the limited
choices is the balcony space, where the fire escape code requires enough empty spaces in the
balcony to escape to an adjacent room. An additional electricity capacity switching board is
usually needed to use a heat pump boiler and electric induction cooking stove.

3.5 Gaps and Need for Further Improvement/Additional Policies

3.5.1 Germany

As the previous chapters have shown, the policy-mix on energy efficiency and decarbonizing
heating systems in Germany is already considerably broad and will see a significant boost in
ambition and budget funding in the next months and years. However, it still mostly centers
around the functions of regulation, funding through financial incentives, and providing
information. The sector target in the climate protection law (cf. chapter 3.2.2) provides a high-
level policy signal; however, there are no operational targets regarding, e.g., the rate and depth
of renovation, or the phase-out of oil and gas heating systems. Therefore, the Wuppertal
Institute has analyzed, which comprehensive policy package would be able to accelerate the
cost-effective and just building sector transformation to carbon neutrality further. This requires
a combination of policies and measures that serve a total of ten functions as shown in the left
column of figure 3-6. These add functions such as direction and support, capacity building, and
incitement with corresponding policy instruments to the existing policy mix, but also additional
or more ambitious instruments in regulation, funding, and information, such as minimum energy
performance standards in existing buildings or making building renovation passports available
to all inefficient buildings by 2028.
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Policy package for energy-efficient and climate-neutral buildings: tasks 2021-2025

Stopping growth in floor area Energy efficiency Green heat

Sector targets Climate and Energy: Fit for 1,5 degrees

Signal to market

Targets on maximum floor area ] [ Targets on renovation rate & depth, oil and gas phase out

Direction & Support

Financial support to local one-stop-shops and city district management

Step up CO: price faster and further after 2025, use revenues to fund the transition;

make price pass-through to tenants depend on energy efficiency standards

[ Strenghten governance: dena, BfEE, Lander energy agencies
Cost effectiveness [

Information basis

Master plans for cities/districts

Min. energy performance standards in existing buildings, KF'W40+ in new build;

Standards & Funding funding to make it cost-effective, incl. for tenants

Support remodelling, moving ]

By 2028: Building Renovation Passports for all buildings built before 2001; ]

Infrastructure heat networks and green feed-in

Innovation For example project aggr_egatlon, _|ndustr|a| Preconstructlon,
support for increase in production

Capacity Capacity building, digitalisation and communication campaigns

Incitement Demonstration and pilot projects, networking and exchange

Source: Wuppertal Institute 2022

Table 3-7: Proposal for an enhanced policy package for energy-efficient and climate-neutral buildings in

Germany, with policy-making tasks for the legislative period 2021 to 2025

(Source: Wuppertal Institute (2022), own translation)

In the following, we briefly explain the policy functions and the concrete measures we see
necessary as presented in Figure 3-6. Here, the order of the functions is based on the importance
as we see it, whereas it is oriented towards the investment journey in the Figure.

® Clear signals to provide long-term planning security to markets. This would require the

government to commit to concrete targets for building energy renovation and the phase-
out of fossil gas and oil heating. From 2025, an annual rate of renovating at least three
percent of the building stock to very high efficiency standards should be achieved, along
with installation of at least 800,000 heat pumps and 150,000 connections to district heat
per year, and an increase of green heat feed-in to the district heating systems of 12 TWh/yr.

@® Stopping the increase in building floor area and resource consumption. The policy package

should not only address energy efficiency of the building envelope and green heat, but also
aim to stop the growth in buildings floor area. This growth is connected to most of the new
build and hence embedded carbon emissions, and it also requires a lot of scarce resources
and land. Here too, figure 3-6 shows that similar policy functions and types of policy
measures are needed as for energy efficiency and green heat.

® Standards and funding — minimum energy performance standards for existing and a phase-

out law for fossil oil and gas heating. The Building Energy Act (GEG) should be revised
accordingly. By 2030, all buildings should have reached at least the EPC energy class D, by
2035 class C, and by 2040, class B. The maximum operating time of purely fossil natural gas
and oil boilers should to be successively limited more quickly than the government’s plans
presented in chapter 3.1.2.1 and from 30 to 15 years from 2024, reaching the 15-year limit
in 2040 the latest. The financial incentives and financing schemes of the BEG need to make
compliance feasible and even attractive. Monitoring of compliance should still be improved.
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® Improving the information basis. By 2028, each house or building constructed before 2001
that is not yet renovated to at least Efficiency House 70 standard should have a Building
Renovation Passport that shows how the building could become greenhouse-gas neutral
in stepwise or comprehensive renovation. Progress should be recorded in a digital building
logbook. The data should be integrated with the municipal heat planning discussed in
chapter 3.1.2.

® Supporting and organizing implementation - One-Stop-Shops and City District
Management. These are important to actively approach building owners, reduce practical
barriers for building owners by supporting them in organizing the implementation, and may
even reduce the costs through bundling of projects that, e.g., allows pre-fabrication. The
federal government should fund such organizations in all cities or regions across the
country.

@® Strengthening the energy and climate governance: This concerns the tasks, capacities and
funding of the relevant ministries, agencies (such as dena, BfEE, UBA and agencies of the
federal states) sa ell as their mutual coordination.

® Supporting innovation in the construction industry. Project aggregation in combination with
pre-fabrication of renovation components based on new digital tools could make energy
efficiency renovation faster and cheaper. The government should provide financial support
for wide application of such and other innovative approaches.

® Qualification, digitalization, and communication campaigns. There is a severe lack of trained
staff for the transformation of the building stock, which needs strong efforts by market
actors with government support to train existing and attract new experts. Digital building
logbooks and “twins” may reduce time and cost requirements for renovation. The
advantages of zero-carbon houses and buildings need to be communicated widely.

® Supporting the increase in production capacities. There may be the need for financial
support to industry for the conversion from gas and oil boilers to heat pumps and other
low-carbon heating systems.

@ Creating incitement through pilot and demonstration projects. The best would be to have
at least one good practice example in each street. Networking and exchange of experiences
between home and building owners should be supported.

3.5.2 Japan

3.5.2.1 Energy efficiency retrofit policies and challenges (previously 3.3)

MLIT has been working on the promotion of the existing building market for a decade. In the
White Paper of Housing Policy report of MLIT in 2015, MLIT acknowledged many barriers and
challenges. Figure 3-8 shows the stock market transaction ratio to the total building transaction,
and Figure 3-9 compares with other countries.
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The housing market size and the share of existing housing transaction
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Figure 3-8: The share of the existing housing transaction in Japan

(2013, The White Paper MLIT)
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Figure 3-9: The international comparison of the existing housing transactions

(2013 White Paper, MLIT)
MLIT acknowledged that the poor performances in earthquake resistance and the energy
efficiency in old buildings are the main reason for a small existing housing transaction. Figure 3-
10 shows the distribution of the existing houses' qualifications for the earthquake resistance and
energy efficiency codes.
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Figure 3-10: The conformation of standards by housing stocks in Japan (2013)

The existing building market should focus on the potentially code-complied buildings. From a
buyer's interest, it is hard to tell which building may be suitable for retrofits to comply with the
earthquake resistance and energy efficiency codes. Finding a skilled constructor to perform the
retrofit work is also difficult, including the appropriate cost estimates. MLIT made progress in
the development of the following:

® Licensed support centers for the retrofit, where consumers can receive a free consultation
and the work plan quotation check

® Existing Housing Sale Warranty Insurance, an insurance package that covers both inspections
and warranty to defects

® Provisions for the registration and licensing tax on existing housing acquisition involving the
earthquake resistance work

® A revision of the real estate acquisition tax. The retrofit plan should meet a high level of
quality improvement and earthquake resistance code to become eligible for a tax break. In
2015, MLIT reduced the real estate acquisition tax for the existing housing transaction.

MLIT's committee on the housing policy understands that these measures are not enough to
accelerate the existing building transactions. There are still serious barriers to overcome. The
committee is currently working on the appropriate valuation of the retrofit building in the
housing market.

The appropriate valuation of the retrofit building in the housing market

The housing valuation in the Japanese market has been customarily depreciating the housing
value within 30 years, no matter what is the housing condition with or without retrofit work,
which has discouraged homeowners and real estate agencies from investing in improving
housing quality. The study group of the MLIT's housing committee has found in the 2020 report
that potential buyers want to acquire good quality existing housing with fewer costs than a
newly built one, and many buyers want to invest in the retrofit of the existing housing. The
housing market stakeholders should work together to change this customary valuation of the
existing housing, reflecting the retrofit values so that many buyers and real estate agencies
would willingly invest in the retrofit.
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As a result of the two-years long MLIT's committee discussion, a summary report proposed
guidance in the further developments of policies in:

(1) improving building evaluations methods to establish a good second-hand building market,
(2) creating a supply chain with quality housing,

(3) financial assistance measures to promote the second-hand housing market,

(4) stimulating a better single-family rental house market,

(5) more active participation by local municipalities in the second-hand housing market.

3.5.2.2 The approaches of renewable energy use promotions

The roadmap toward 2050 building decarbonization expects the rise of renewable energy use
as the primary pillar and energy efficiency improvement. Using onsite renewable energies will
realize the ZEH/ZEB building.

Rooftop PV deployment

The total rooftop PV installation is over 2 million single-family housing, which is about 7% of the
single-family housing stock of 27 million. About 70 thousand newly built single-family housing
have rooftop PVs, and 50 thousand existing houses are installing rooftop PVs yearly. Despite the
continuous decrease in installation cost and popularity, rooftop PVs are not growing fast enough.
The study group of the 2050 building decarbonization discussed the mandatory requirement of
the rooftop PV on the new buildings, while there are still obstacles to overcome. One of the
positive pathways is the municipal ordinance's lead. The building code was amended to allow
more flexibility in the municipal's jurisdiction with an additional energy efficiency requirement
through ordinances. A few municipalities implemented higher insulation grades with grant
incentives, and Kyoto City has implemented mandatory rooftop PVs on the new construction.
Kyoto's ordinance currently applies only the non-residential buildings, with constructors'
obligation to advise the owner to install rooftop PVs. Tokyo metropolitan government is
planning to implement the same ordinance in 2025.

The feed-in-tariff program with the rooftop PV is already phasing out, and it is best to use
rooftop PV-generated electricity to be fully utilized at the premise. MLIT and METI are vigorously
promoting the deployment of battery storage in the building sector along with rooftop PV
installation. The ministry of environment (MOE) provides a leading net zero community
subsidiary program. The applicant with rooftop PV and battery storage can receive up to 75% of
the system/installation costs.

Promotions of solar heating hot water

Along with the deployment of rooftop PVs, solar heating hot water has been in the market for
several decades, but the market is tiny and is not growing either. Tokyo metropolitan
government promoted more solar heating panels for smaller rooftop housing and commercial
building between 2012 and 2014, but the focus quickly shifted to rooftop PV.

Another renewable energy promotion policy is looking at the broader application, such as
sharing renewable energy across multiple buildings. Aggregated energy demand/supply
management is one expected business model to increase.
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4 Comparison of Key Results of the Study

4.1 Building Stock Characteristics

The study on the building energy consumption of Germany and Japan quickly highlighted the
difference in the energy use sector, notably for space heating. The difference is associated with
two factors; one is the geographical latitude of the countries, and the other is the housing

heating system.

Fig. 4-1 shows the average household energy consumption comparison, and the difference is in
the space heating energy consumption.

Average Energy Consumptions per household (GJ/year)

Japan (2018)

H

11  1- 11 31

UK(2017)
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Figure 4-1: Comparison of average energy consumption per household (GJ/year)

Fig.4-2 illustrates the geographical location in the latitude. Germany is located at a much higher
latitude. In fact, the most southern town in Germany is located at the same latitude as the most

northern town in Japan.
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Figure 4-2: Geographical latitude of Japan
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The heating degree in Germany is around 3,500-4,000-degree days while it is 1,000-degree days
in Japan. Most of Japan is in a very warm and humid climate, comparable to West Europe/Africa.
Tokyo's latitude is slightly southern to Algiers (Algeria) and slightly northern to Casablanca.

Fig.4-3 shows the energy consumption in different geographical regions. The northern region,

Hokkaido's energy consumption is much closer to the consumption in Germany.

The most populated regions, Kanto (East), Kansai (West), and Chubu, are all in warmer regions.
70% of the Japanese households are in these three regions. With such a warmer climate, most
houses use partial/intermittent space heating. Central heating is hardly found in Japan, except
in the northern region, Hokkaido.

This difference in space heating leads to different energy conservation measures. Space heating
energy conservation is the priority target in Germany. On the other hand, Top Runner program
for lighting/appliances, including separate room air conditioning and hot water boilers, is an

effective choice in Japan.

Space Space Hot Appliances,
Heating Cooling Water Lighting

National Ave. | 9.5 38.7
Hokkaido (HK) 32.9 63.8
199 52.2
g 37.4 (HK)
——= a4
37.1
37.0
33.6
33.5
kyushu (kY) 88 32.0 “ Al
0 20 40 wv)@éo 80

(GJ/year)

(Source)The recent energy consumption in the residential sector (Jyukankyo Research Institiute)
/ The Study Group of Energy Consumption Performance in the Building Sctor (Vol.5, Feb.22nd 2018)

Figure 4-3: Different Energy Consumptions along different climate regions in Japan

(1) Renewable energy use

The study shows the same policy trends in new construction with tighter envelopment and more
efficient HVAC in Germany and Japan. Both countries share the same policy trend to use more
renewable energy, but the implementation measures are different. Germany requires 65%
renewable energy use in the building code. In Japan, the policymaker needs to consider a higher
multi-dwelling housing share (40%) in urban cities and the different climate conditions along the
nation, so the municipals are leading the renewable deployment programs. Tokyo metropolitan
government and Kyoto city are the initial municipals to implement mandatory roof-top PV in
new construction.

(2) Housing retrofits

German building retrofit policy focuses on energy efficiency and renewable deployment, with
financial support (subsidies/grants/low-rate loans) and professional advice. Energy cost savings
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4.2

and better market valuation with the efficiency labeling system (Energy Performance
Certificates) can recover retrofit investments in less than twenty years.

In Japan, the building policymaker (MLIT: Ministry of Land, Infrastructure, Transportation and
Tourism) targets retrofits in owned houses constructed after 1980. Pre-1980 housings may
better get demolished and newly constructed. As housings get older, their residents are also
becoming elderly. When such residents consider a housing retrofit, they usually have three
choices: convenience/comfort, energy conservation, and barrier-free accessibility.

Most residents exchange a room air conditioning and a hot water boiler in a 10-15 year-cycle.
There is less incentive to explore double/triple paned window replacement and better insulation
in the wall/roof/floor. Policies aiming at incentivizing such retrofit measures potentially increase
the number of residents willing to invest time and money for larger/less familiar measures.

One of the hurdles in the energy conservation retrofit is the longer investment recovery time
and less urgency as an individual. Such a hurdle is not limited to housing retrofit but is frequently
observed in the non-residential sector's higher equipment/industrial machine replacement.

There is also a logistical hurdle. An effective retrofit program requires a good assessment and
planning, associated with additional costs, which become a problem for both the resident and
the service provider. In Germany, these costs are subsidized with up to 80%.

ESCO (Energy Service Company) and EaaS (Energy as a Service) models can be explored so that
such additional logistic costs are minimized and levelized across a long service payment. The
policy needs to show the long sustainable retrofit market with becoming the initial demands in
the government/municipal buildings retrofits so that the service company can survive in the
early stage. Such a government/municipal initial demand can also help boost renewable energy
and EV charging business.

Policies and strategies

Japan and Germany have a long history of implementing energy conservation laws aimed at
improving energy efficiency and reducing energy waste. While Germany introduced its first
building related legislation as early as 1977 with the Heat Insulation Ordinance with prescriptive
values for the energy efficiency of building envelope components and heating systems, the
Japanese policies had a more general focus on the energy performance of appliances with its
Top Runner Program launched in 1998. This different approach can partly be understood by the
fact that the share of energy used for heating is not as high in Japan compared to Germany,
because most Japanese only heat or cool the room they are using at a certain time, and the
average per capita floor area is lower compared to the Germans — approximately one-fifth
compared to Germany (Output Paper, GIETC 2020). Contrary to Japan, the energy used for
heating is accounting for a large share of the overall energy consumption in a standard German
household. Accordingly, measures and policies aiming at the improvement of the insulation of
the building envelope are considered of utmost importance: From 2001, an overall building
energy performance approach for new buildings was added, as well as component energy
efficiency requirements in case of major renovation. In Japan, the newly introduced Building
Energy Conservation Law (2017 revised in 2022) applies the Top Runner Program introduced in
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1998 for appliances also to dwellings by imposing an average efficiency standard on owners of
numerous housings.

Against the background of raising the ambition level to cope with the global warming, both
countries have also intensified their efforts to increase the energy performance of the buildings.
In Germany, after several rounds of improvement of the standard for new build, it will reach
nearly zero-energy building standards in 2025. Importantly, German legislation is also often
influenced/pushed by EU regulations that have been tightened following the launch of the
Green Deal and the soon expected agreement on the fit for 55 program aiming, among others,
at GHG emission reduction in the building sector.

Major points in common

The overall goal of both countries’ policies is to reduce the energy consumed in the building
sector. However, in Japan the focus is more on new buildings and the improvement of the energy
performance of appliances, while in Germany the improvement of the insulation (of the
envelope) of both new and existing buildings is considered important.

Germany is now strongly promoting the use of heat pumps. Integration of renewable energies
is also important for both countries (however to different degrees), with a focus on
incorporating solar, wind, and other sustainable sources into new and existing buildings. Both
Japan and Germany offer financial incentives for renovation and maintenance of high energy
performance standards in buildings, including tax credits and subsidies. In terms of appliances,
Japan has the Top Runner program to increase energy performance and efficiency, while the EU
has implemented the Ecodesign program to promote environmentally-friendly design in
products, which is immediately binding for all Member States, including Germany.

Furthermore, Japan and Germany both acknowledge the importance of increasing the share of
wood among the construction material to reduce the GHG emissions in the construction process.

Major differences

Japan and Germany both prioritize energy efficiency and sustainability in their building sector
policies and strategies, but there are some key differences between the two countries. Japan
places a greater focus on appliances, such as air conditioning and lighting systems, as a means
of improving energy efficiency, whereas Germany places more emphasis on improving the
insulation and overall energy performance of its building stock, and on heating systems. This
difference in focus may be a reason why the Top Runner standards for air conditioners are more
advanced than the EU Ecodesign standards, while building code requirements for overall energy
performance and many components are much closer to ZEB/ZEH performances in Germany than
in Japan, even for similar climate zones, and will be made more ambitious already in 2025,
compared to 2030 in Japan. Germany has more specific goals for the integration of renewable
energies in the building sector and offers a larger range of financial mechanisms to encourage
building upgrades and renovations. This includes subsidies, tax credits, and low-interest loans,
while Japanese policies rely more on mandatory regulations and building codes. Despite these
differences, both countries are committed to reducing their carbon footprint and promoting
sustainable building practices.
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Table 4-1 summarizes the relevant of both countries with regard to (a) Energy Performance
Requirements, (b) Energy Performance Certificates, (c) Performance standards, (d) integration

of renewable energies, (e) financial incentives, (f) energy advice, (g) energy management
requirement and (h) Lifecycle Assessment.
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Table 4-1: Comparative overview of policies aiming at improving the energy performance of the building sectors in Germany and Japan

Type of policy
II\.. Energy

performance

requirements

Q Energy

performance
certificates

Performance
standards for

appliances

Germany

Building Energy Act (2020):

e Compliance with energy performance for (a) new
buildings and (b) existing buildings undergoing major
renovation

e integration of renewable energies

Revision of Building Energy Act (2022): new or stronger

efficiency standards

e  2023: Efficiency House 55 Standard for new build

e 2025: Efficiency House 40 Standard for new build

e  2024: Efficiency House 70 Standard for renovation or
extension of existing houses

e 2024: at least 65% renewable energies in newly
installed heating systems

Energy Performance Certificate (EPC)

e ranging from A*-H for residential buildings

e obligation to present to interested parties at sale or
lease

e highlights deficiencies of the building and offers
recommendations for energy renovation

Ecodesign

e necessity to ensure energy efficiency and recyclability

e inform about possible environmental externalities

e analyze product lifecycle

Japan

Building Energy Conservation Law (2017, updated in 2019 and 2021)
e mandatory min. envelope performance

e standard average efficiency standard on housing builders

e additional efficiency levels for ZEH/ZEB level with incentives

Revision of the Building Energy Conservation Law (2022) to comply with
‘decarbonized society’ plan

e improve energy efficiency

e increase use of RE and use of wood

Energy Conservation Law

e specific targets for (a) appliances and (b) building material

e compliance with energy conservation standards also for new medium- and
large-scale residential buildings = building permit as certificate for meeting
the standard

e to be implemented by 2025

e Requirements for renovation (insulation/ high-level performance
appliances)

Energy consumption performance label

Insulation Performance label

Top-Runner (1998), revised 2022:

e increase energy efficiency of standard appliances

e revised 2013 to also include e.g., (commercial) refrigerators, electric water
heaters, light-emitting (LED)

e 2015 revision expanded to building materials.

e The government is trying to accelerate the standard updates onward.
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b

Integration of
Renewable
Energies

Financial
incentives

Energy advice

Energy
management
requirements

Lifecycle
Assessment

e certain percentage of overall energy performance of
new buildings/ houses must be covered by
renewables

e 65% from 2024 in new heating systems (according to
revised GEG)

e since 2005: loans and grants for energy efficiency
renovation and integration of renewable energies

e federal funding for efficient buildings including
renewable energies: in 2022, 5 billion Euros

e plans to increase volume to 12 to 14 billion
Euros/year from 2023 until 2026

e  Worst-Performing-Building Bonus (WPB)

e Serial Refurbishment Bonus (SerSan-bonus)

e Efficient heating network program

e Support for municipal heat plans (covering 90-100%
of cost)

Professional energy consulting (subsidized as well) as

prerequisite for financial incentives for renovation

measures

Following the EU’s energy efficiency directive from 2012

(Art. 8), Germany introduced a requirement for

companies defined as not being small and medium

enterprises to either have a regular energy audit or an
energy management system. This includes buildings.

Increase of wooden material

e obligation for municipalities to increase the share of
renewable energies by indicating

e Grants for energy efficiency renovation
(Efficient Windows/doors replacement, Wall/Roof Insulation, Efficient
Boiler Replacement, each replacement may receive 9,000JPY-48,000JPY,
up to 300K per household)

e 75% of the cost for the installation of a rooftop PV and battery storage

architects must be capable of informing about the integration of renewable
energies for (new) buildings

Energy Conservation Law (1979):

e obligation for regulated facilities to appoint an energy manager
e necessity to report energy consumption and develop reduction plans

Increase of wooden material

53



5.1

5.2

Conclusion: Learnings and Recommendations

This study has taken stock of building stock characteristics, energy intensity, and energy
consumption in both countries, Germany and Japan, in chapter 2, and of existing policies and their
recent and planned changes, as well as the strategies and factors towards carbon neutral targets in
both countries in chapters 3.1 to 3.4. In chapter 3.5, we identified gaps in the existing and planned
policies for actually achieving the carbon neutral targets and made some recommendations on how
the policy mix could be enhanced further. Chapter 4 compared the findings for both, building stock
characteristics and policies and strategies.

Based on these analyses and findings, this chapter draws some conclusions on potential mutual
learnings between Germany and Japan, summarizes the policy recommendations for both countries
individually from chapter 3.5 (5.1), adds recommendations on potential cooperation between both
countries in terms of innovative technical solutions and policies (5.2), and ends with suggestions
for further research needs (5.3).

Learnings

Policies and measures

Germany can learn from some aspects of Japan's approach to implementing energy-saving
measures in the building sector. Japan places a strong emphasis on appliance energy efficiency,
which is an area where Germany could potentially improve its policy efforts in addition to the EU’s
Ecodesign regulation and labelling. Additionally, Japan's experience with energy management
systems and all-electric housing could provide valuable insights for Germany as it continues to
promote electrification in the building sector. Finally, programs that promote wood construction in
Japan are also very interesting for Germany. In this regard, the profound experience Japan has
concerning wooden building construction and particularly the country’s knowledge on how to
reduce the risk of fire, is useful for Germany’s building sector. By incorporating these approaches,
Germany could potentially enhance its efforts to reduce its carbon footprint and promote
sustainable building practices.

Japan, on the other hand, can learn from Germany's focus on the overall energy performance of
the building stock. Germany places a strong emphasis on improving insulation, heat recovery
ventilation, and incorporating renewable energies towards net-zero-energy buildings, which can
have a significant impact on reducing energy waste and improving sustainability. Japan could
benefit from adopting these approaches to strengthen or complement its existing measures, such
as mandatory regulations and the Top Runner program, to drive improvements in energy efficiency.
Additionally, Germany's extensive system of financial mechanisms for investments and energy
advice, such as grants, subsidized loans, and tax credits, can provide a model for Japan to incentivize
building upgrades and renovations. By incorporating these strategies, Japan could potentially
enhance its efforts to reduce its carbon footprint and promote sustainable building practices, while
also increasing the comfort-level of Japanese housing and buildings.

Policy gaps and recommendations

From a German point of view, although major improvements of existing policies are planned, both
the recent as well as the planned policies are lacking operational targets (e.g., annual rate/depth of
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energy renovation, phase-out of oil and gas heating). Also, in addition to improving the energy
performance of the building sector, it is also important to stop or at least reduce the increase in
building floor area and by that also tackling embedded carbon emissions (protection of resources
and land).

In order to make retrofit measures more attractive and the progress more transparent, it is
recommended to (a) increase financial incentives, (b) ensure monitoring and (c) show the state of
a building’s renovation by introducing, for example, a Building Renovation Passport. Supportive
structures, such as One-Stop-Shops, would also further facilitate the renovation process.

One major remaining problem in the Japanese building stock concerns the poor performance in
earthquake resistance and energy efficiency of many buildings and houses. Here, it is important to
amend the regulations to equally incorporate both aspects into the building code. Appropriate
valuation can be identified as another major challenge, because often the buyers cannot judge
which buildings are suitable for retrofit. Moreover, the building code requires to comply the newest
regulation upon the retrofit work; regardless whether the work may not involve the non-fulfilling
section. There are too many simple retrofit work opportunities, such as a simple additional facade
modification and an external wall insulation, passed with excessive costs. Closely connected to the
problem is the lack of skilled workers to take care of the renovation measures. Communicating the
health and comfort benefits of improved thermal insulation and shading may help to overcome the
barrier that energy efficiency retrofits may not be cost-effective based on energy savings alone.

The increase of renewable energies at buildings also poses a problem because of height restrictions
inscribed in the building code. However, this barrier could easily be adjusted by amending the
regulations respectively.

Potential for German-Japanese cooperation

Cooperation between Germany and Japan on energy efficiency in buildings and the policies and
measures to support it is nothing new. A Memorandum of Cooperation has existed between the
construction ministries of the two countries since 2013 and has also been extended to the research
level between the BBSR in Bonn and Berlin and the Institute for Building Research in Tsukuba.
Within the framework of this cooperation, a basis of trust and a state of knowledge on the
respective standards and developments has emerged, which seems to present a very fruitful basis
for further exchange. Because Germany introduced some types of policies on energy efficiency in
buildings earlier on, Japan has been able to gain inspiration for its own energy and environmental
policies, inter alia, from Germany’s set of policies in the past.

The principle of ‘Inform, Support, Regulate based on Research’ has established itself in German
building energy policy. A similar approach seems to apply in Japan as well, so that an exchange on
the respective political measures is possible along these lines and based on the prototypical policy
package outlined above. In all policy areas, parallels can already be seen in the work, even if the
levels are still different. The aspects discussed above in chapter 5.1 on mutual learnings could
provide ideas for exchange and cooperation.

The GJETC has already contributed to this exchange through a working group paper published in
2020 (Rauschen et al. 2020), and through discussing policy approaches and recommendations at
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the recent stakeholder dialogue on “Exchange on Policy Frameworks that support the Transition to
a Carbon Neutral Building Sector in Japan and Germany”, held on 3™ of March, 2023 in Tokyo and

online.

A further approach to the exchange may build, e.g., on German experience with the work of energy
and climate protection agencies. In Germany, the work of such agencies for the efficient
implementation of political goals is important at the federal, state and local levels. The agencies
manage to build up competences and implement projects professionally over longer periods under
public or partly public sponsorship.

The German side in particular can benefit from the Japanese experience of Smart City projects. In
addition to heat pumps, which are highly developed in Japan, their use combined with
photovoltaics in such settlements is a model for Germany, where urban neighborhoods are still very
heat-oriented.

Therefore, connecting German knowledge of and technology for building shell energy efficiency
and Japanese knowledge of and technology for BEMS/HEMS and Smart Cities could provide even
better energy performance in both countries, and opportunities for implementation in other
countries too.

This is one potential topic for a future innovation roundtable by the GJETC. These innovation
roundtables bring together experts from industry and research, to discuss possibilities for concrete
cooperation projects in the development and testing of new technologies or solutions.

Another potential topic regarding building sector decarbonization for an innovation roundtable
could be “Cost-efficient Refurbishment in Building Stock with Serial Components”. It could combine
German building design and envelope technologies with Japanese experiences in serial and prefab
housing. Concrete objectives could be demonstration of industrial construction, digital design tools,
and process optimization, while advancing the use of low embedded carbon designs and materials.

Further research needs

The goal of reducing the cost of energy renovation and accelerating it in times of shortage of skilled
workforce through prefabrication, digital design tools, and process optimisation mentioned at the
end of the last section is also one important area of further research needs. This has already been
identified in a previous output paper (Rauschen et al. 2020).

Regarding the building stock and strategies towards decarbonization, questions include:

® \What are the most appropriate building concepts and energy performance levels in
different climate zones?

® \What are even current energy performance levels for comparable buildings in
comparable climate zones?

® How can cost-effectiveness of energy-efficient/low-carbon buildings and
renovations be further improved?

® \What does this mean for the energy standards of building components and installed
systems?

® How much energy can be saved through HEMS/BEMS and energy sufficiency?
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® How can buildings be made a source of flexibility for electricity supply?
® Which other benefits can be achieved, e.g., for health and productivity?
® How can embedded carbon be assessed and tackled?

In the field of policies, a more in-depth analysis seems also useful on how the policy packages for
energy efficiency and decarbonization in buildings can be made more effective. This analysis could
particularly address, whether the suggestions for new or enhanced policies and measures outlined
in chapter 3.5 are applicable in both countries and beyond, albeit with adapted choices in case of
policy alternatives and with country-specific adaptations of the typical instruments. What can be
mutually learnt for making energy/material efficiency (and sufficiency) as well as renewable energy
policies for new build and energy-efficient/low-carbon renovation more effective in both countries?

The complexity of restructuring the demand side of the energy market during the energy transition
in Japan is comparable to that in Germany. This raises the question, whether especially the
cooperation on a new (polycentric) governance structure, according to the principle “Efficiency
First”, could be intensified? For example, do both countries need a central coordinating institution
(agency) for energy efficiency (and sufficiency) policies with strong financial and staff resources?
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7 Appendix

7.1.1 Supplements to chapter 2.5.1

7.1.1.1 Life-cycle Assessment and Grey Energy (non-renewable primary energy) — Existing
Policies: System limits (using the example of QNG)
e The table shows which processes and phases are included in the system limit and therefore

incorporated in the evaluation and which processes and phases are excluded. The designations
and descriptive information from modules A to D refer to DIN EN 15978.

LIFE PHASES A1-3 A4-5 B 1-7 c1-4 D

BENEFITS AND
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DIN EN 15978  \_ J \" N .

Delimitation of the different regulations: Life cycle assessments must be prepared for the following
building certifications, among others:

e DGNB, BNB: without inclusion of module D

e DGNB: with inclusion of module D

— No direct comparability of the results of the different LCA calculations!

When calculating a life cycle assessment, the following components are recorded and documented
in a component catalog (KG — German cost categories)

Complete building structure incl. unheated areas (basement, underground parking, etc.)

e KG 320 Foundation, substructure

e KG 330 Exterior walls/vertical building structures, exterior
e KG 340 Interior walls/vertical building structures, interior
e KG 350 Ceilings and horizontal building structures

e KG 360 Roofs

Building services, with the installations necessary for the use of the building

e KG 410 Sewage, water, gas installations

e KG 420 Heat supply systems

e KG 430 Air-conditioning systems

e KG 440 Electrical installations

e KG 450 Communication, safety and information technology systems
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o KG 460 Conveyor systems

In the case of complete modernization, the materials and components that continue to be used are
included with zero in the determination of the proportional balance sheet values of modules Al-
A3. Newly installed materials and components are accounted for as in the case of new construction.

7.1.2 Supplements to chapter 3.1

7.1.2.1 Federal funding for efficient buildings

Definition Building heating network up to 16 buildings and up to 100 WE published in October
2021.
o 30 % subsidy if at least 55 % renewable energy and waste heat
o 35 % subsidy if 75 % renewable energy and waste heat
o heat network connections 30 % subsidy if 25 % renewable energy and waste heat in the
network or primary energy factor max. 0.6
o 35 % subsidy if at least 55 % renewable energy and waste heat or primary energy factor
max. 0.25 or transformation plan is available
Waste heat can be credited to reach the efficient house standard
As of 01.02.2022, the subsidy from efficient house 55 was discontinued.
o The renewable energy and sustainable classes were also discontinued for some time.

In the case of selfmade work, material costs are to be eligible for grants funding again if an energy
efficiency expert certifies that the measure has been carried out professionally.

For municipalities, the maximum cumulation limit will be raised from 60% to 90%.
o The requirement that at least three bids must be obtained for subsidized measures is
softened by adding a note stating that this requirement may be waived in justified cases.
The requirement to achieve the renewable energy class is increased from 55% to 65% of coverage
from renewable energies or unavoidable waste heat.
o Unlike before, heat recovery from a ventilation system and the use of green hydrogen will
also be able to be counted in the renewable energy class.
o The use of biogas, on the other hand, can no longer be counted.
o When connecting to a heating network, it should always be possible in future to apply a
flat-rate renewable energy share of the heating network of 65%.
o A new requirement for achieving the renewable energy class is the use of a ventilation
system with heat recovery.
In the future, it will also be possible to apply the sustainable class for the renovation of residential
buildings.
With the exception of the efficiency house “Denkmal” (historic listed building), all efficiency
houses must be low-temperature ready; a supply temperature of 55°C must not be exceeded
during design and operation.
Previously, power supply systems (e.g. photovoltaic systems) could be co-financed for efficiency
houses and is now completely abolished.
Biomass systems may only be used in subsidized efficiency houses if they do not exceed a fine
dust emission of 2.5 mg/m3.
As of 01.01.2024, requirements for noise emissions from the outdoor unit (at least 5 dB lower
than specified in the Ecodesign Regulation) apply to subsidized efficiency houses with air-to-water
heat pumps.
o Asof01.01.2026, these requirements are to be tightened (at least 10 dB lower).
o In addition, only natural refrigerants may be used in heat pumps from the beginning of
2030.
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7.1.2.2

Individual measures in Federal funding for efficient buildings
The lower limit of eligible costs (minimum investment volume) is raised from €2,000 to €5,000
and from €300 to €1,000 for heating optimization measures.

The promotion of fuel cells powered by green hydrogen is newly included with a subsidy rate of
25% (plus 10% exchange bonus, if applicable).

In the case of subsidies for heat pumps or biomass heating (also in addition to an existing or new
fossil heating system), the building to be supplied must be powered by at least 65% renewable
energy after the measure has been implemented.

In the case of subsidies for heat generators, the rental costs for a temporary heating system after
a heating system defect can be subsidized for a period of up to one year.

When subsidizing heat generation systems, a heating load calculation and hydraulic balancing is
always required.

If an internet connection and a technical interface on the device are available, the connectivity of
subsidized heating systems must be established.

The subsidy for heating optimization is limited to small buildings (at least 5 residential units or up
to 1,000 m? in case of non-residential buildings).

o In addition, fossil heating systems older than 20 years will no longer be subsidized for
heating optimization.
Biomass heating systems can only be subsidized if they are combined with a solar thermal system
and do not exceed a fine dust emission of 2.5 mg/m3.
o The innovation bonus for biomass systems is cancelled.

Biomass heating systems must have seasonal space heating utilization rates of 81% from
01.01.2023 (today: 78%).

o In addition, the biomass used must comply with sustainability requirements.
The subsidy rate for the construction of building networks will be increased from 25% to 30%.

o At the same time, the subsidy rate for the construction of building networks using
biomass will be reduced to 20%.

Subsidized building networks must be operated with at least 65% (previously 55%) renewable
energies or unavoidable waste heat.

o Biomass systems in building networks are only eligible for funding in bivalent form in
conjunction with other renewable energies or if there is no possibility of bivalent
generation.

In the future, the construction of building networks must always be accompanied by an energy
efficiency expert.

For the connection to a heating network, there are no longer any technical requirements for a
renewable energy share or for the primary energy factor.

o In addition, the subsidy rate for connection to a heating network will be increased from
25% to 30%.

7.1.2.3 The funding for efficient heating networks program is divided into four modules that

build on each other:
Eligible for funding in Module 1 are transformation plans and feasibility studies for the
transformation or new construction of heat network systems.

o These must be geared to supplying heat to more than 16 buildings or more than 100
residential units.

o Systemic funding covers the new construction of heat grids that are fed by at least 75%
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renewable energies and waste heat, as well as the transformation of existing
infrastructures into greenhouse gas-neutral heat grids.

o A maximum investment subsidy of 50% is granted

e The funding in Module 2 basically covers all measures from the installation of the generation
plants and heat distribution to the transfer of heat to the buildings supplied.

o A maximum investment subsidy of 40% is granted for investments in generation plants
and infrastructure.

e The systemic approach is supplemented by individual measures in module 3.

e In addition, Module 4 provides an operating cost subsidy for the generation of renewable heat
from solar thermal systems and from electricity-driven heat pumps that feed into heating grids.

o This subsidy applies both to new construction of heat grids and to transformed existing
grids.

7.1.2.4 Municipal heat planning

Municipal heat planning is considered important to provide guidance to building owners and energy
suppliers on which buildings would be served by either district heating or individual heating in the
future. Denmark has a successful history of more than 40 years with this tool, and it was the basis
for the very high share of both district heating and renewable energies in heating the country’s
homes and buildings.

With a revision of the municipal guideline, an impulse subsidy for municipal heat planning has been
introduced as of November 1, 2022.

e In the new funding priority, the preparation of municipal heat plans by expert external service
providers is funded.

o If applications are submitted by the end of 2023, the subsidy amounts to 90% of the total eligible
expenditure; for financially weak municipalities and applicants from lignite regions, the subsidy
amounts to 100%.

e After that, the grant rates are reduced to 60% and 80% respectively.

e The subsidy formulates content-related requirements for municipal heat planning, which are
described in the Technical Annex to the Municipal Guidelines.

o In addition to an analysis of the existing situation, the heating plan must also contain an
energy and greenhouse gas balance, including a spatial representation.

o This also includes a potential analysis to determine energy saving potentials or local
potentials of renewable energies.

o For two to three focus areas, which are to be prioritized in the short and medium term,
concrete, spatially located implementation plans are also to be developed.

o The nparticipation of relevant administrative units, appropriate controlling and a
continuation and communication strategy are also to be integrated into the planning.

e The federal government wants to legally obligate the states to have heat plans drawn up for a
certain portion of the population and an associated space heating requirement (e.g. 75 percent).

o A separate federal law will be created for this purpose, with different requirements
depending on the density of the populated area.

o For example, threshold values of 10,000 - 20,000 inhabitants are being discussed, above
which municipal heat planning is to be implemented on a mandatory basis.

o The federal states, which are obligated by the federal government, will transfer this task
to the municipalities and districts.
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e Methodological and content-related specifications as well as requirements are to be developed
in parallel by the federal government together with the states, municipalities and stakeholders.

e So far, the following implementation steps are proposed for municipal heat planning:

o Development of a heat plan (either by the municipality itself or by commissioning a
service provider).

o Public participation of the affected stakeholders (building owners, companies, energy
suppliers, etc.)

o Adoption of the heat plan as a legal act

o Coordination of implementation

e In terms of content, four sections are mentioned in the preparation of the heat plan, which are
to be spatially broken down for the entire municipal area:

o The inventory analysis shows the current heat demand and the resulting GHG emissions,
as well as information on building types, building age classes, and the current supply
structure.

o The potential analysis shows sinks (e.g. through renovation and an increase in energy
efficiency) as well as potentials of renewable energies and waste heat.

o Inthe target scenario, a climate-neutral target for heat supply in 2045 is shown, in which
milestones for the years 2030, 2035 and 2040 also describe the future development of
heat demand.

o Finally, the heat transition strategy shows possible measures to achieve the goal of
climate-neutral heat supply in 2045

e After the federal law for municipal heat planning comes into force, every obligated municipality
should have drawn up a heat plan after three years at the latest.

e Municipalities in the "pioneer states" such as Baden-Wiirttemberg, which have already drawn up
a municipal heating plan, are to adapt their plans to the requirements of the federal law during
this period - but there are not to be any major differences between previous and future
requirements.

e Municipalities are entitled and obliged to collect and evaluate the necessary data from citizens,
companies and other government agencies.

e The heat plans are to be updated every five years.
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Introduction

Germany and Japan have a great deal in common. The land areas of Germany and Japan are
approximately 350,000 km2 and 370,000 km2, respectively. Nominal gross domestic product (GDP)
is also very close (in 2022), with both Germany and Japan at about US$4 trillion. Another common
point is that both the Germans and the Japanese have achieved an impressive recovery from the
post-war economic crisis. In terms of population however, Germany's is only about 60% that of
Japan, and although both countries share the social challenge of decreasing population, a
comparison of GDP per capita shows that Germany's is about 30% higher than that of Japan at
currency exchange rates.

Interestingly, the two countries also have very similar industrial structures. For example, both have
a total of over 3.5 million companies, more than 90% of which are small and medium-sized
enterprises (SMEs). And the manufacturing industry accounts for more than 20% of GDP in both
countries. Both countries are also known for their automobile and machinery industries, which are
key national industries in both Germany and Japan and important customers for the petrochemical
industry as they enfold demand for products such as special engineering plastics like polycarbonate
and polyamide or polyurethane foams, as well as coatings.

For both countries with this background, the petrochemical industry is indispensable in terms of
economy and employment and has developed significantly as a key industry in the world. Hence,
as various initiatives are carried out to achieve a carbon neutral society in the future, efforts to
reduce CO, emissions in this sector play a very important role in achieving the policy goals of both
countries. However, the emissions of the petrochemical industry itself (scope 1 and 2) are far less
relevant than the end-of-life emissions of their products, which belong to scope 3 and are thus not
necessarily totally counted in the countries’ GHG accounts, as both countries are net exporters of
raw polymers and products made of them (cars, machinery).

This paper therefore reviews the transformational challenge of the petrochemical industry in both
Germany and Japan. Specifically, we review the social and geographical positioning and
characteristics of the petrochemical industries in both countries (Chapter 2), and the status of
policies and roadmaps in this area for CO, emission reduction (Chapter 3). And finally, based on
the results of the analysis of the review of the petrochemical industry in both countries, the
characteristics of the two countries are compared and discussed (Chapter 4). The report then
summarized the research areas that Germany and Japan should prioritize in cooperation (issues to
be resolved) and joint recommendations for reducing CO, emissions.
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2

2.1

Industrial context

Germany

The petrochemical industry is one of the largest industries in Germany. With 350 000 people
employed (VCI, 2022b), it produces a wide range of chemicals across all segments, including basic
inorganics, petrochemicals, polymers, agrochemicals, specialties and cosmetics (Cefic, 2022a). Also
globally, the German industry is one of the top players, especially as an exporter of chemical
products. Indeed, among the world's chemical industries, the German is the third largest exporter
and takes the fourth place in terms of sales, after China, USA and Japan (VCIl, 2022a). The country
is also host to the headquarters of several of the world’s largest chemical companies, including
BASF, Evonik Industries, and Covestro. At the same time, the industry has a large responsibility
when it comes to its climate impact. In 2020, the chemical and pharmaceutical industry emitted
38.9 Mt CO;-eq in direct emissions (VCI, 2022b), making up 5.3% of the Germany’s total greenhouse
gas emissions (UBA, 2022). Germany has set up the target of climate neutrality by 2045, and thus
the industry faces a large challenge to mitigate these emissions and transform the industry.

2.1.1 Historical development

The structure of the German chemical industry has historical roots, some dating back as early as
the 18th century. That was when the country’s first fragrance producers settled in the Rhine region,
and a chemical industry was then gradually built up in the region during the following century,
making use of the local coal resources and by-products of coke production. Other clusters were also
formed successively throughout Germany over the 19th and 20th century, in locations beneficial at
the time. This can be for example close to coal resources, adjacent to other industries and in places
with good connections to ports or land transport, and pipelines for energy and resources. Today,
the industry can be said to be largely concentrated to six industrial clusters: Emscher-Lippe,
Rheinland and Ludwigshafen along the Rhine River in the West, the North Sea (Nordsee), the
Central German Chemical Network (Mitteldeutsches Chemiedreieck) in the East and the Bavarian
cluster (Bayerisches Chemiedreieck) in the Southeast. Of the German clusters, Rheinland is the
largest while the Bavarian and North Sea are comparatively small. The clusters have different
characteristics, both with regards to what they produce, but also in terms of infrastructure
connections and resource access, and thus dependencies.
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Figure 2-1

Petrochemical clusters in Germany and the Antwerp-Rotterdam-Amsterdam port area (ARA)

The German chemical industries have developed massively since their formation, not the least

experiencing strong growth after World War Il with the transformation from a coal- to an oil-based

industry, and then later facing challenges as competition grew.

It has thereby also become

integrated in and dependent on the overall infrastructure and market system that it is now a part

of. An example of this integration are the clusters Rheinland and Emscher-Lippe, which together

with Antwerp in Belgium and Rotterdam in the Netherlands make up the superregional

petrochemical cluster ARRRA (Antwerp-Rotterdam-Rhine-Ruhr-Area), integrated via oil and

ethylene pipelines.
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cracker firing: 29.6 TWh I high-temperature heat: 40.3 TWh I

other furnaces: 10.7 TWh |
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Figure 2-2 Sankey diagram for hydrocarbon energy flows in the German chemical industry
[source: model calculations of the Wuppertal Institut, Scholz et al. 2023]

Most of the clusters are also strongly integrated into the gas infrastructure and are dependent on
the access to natural gas. While the oil-derivates naphtha and LPG clearly dominate primary energy
supply, natural gas makes up 70% in BASF’s Ludwigshafen site (Scholz et al. 2023). On the other
hand, in the Rheinland and Bavarian cluster naphtha is the completely dominant energy carrier (>
90%). Dependencies also arise due to the structures within the cluster. For example, the plants in
Emscher-Lippe and In Bavaria are very dependent on their respective refineries, and in the latter
case the refinery does not even produce gasoline at all and instead provides more of the naphtha
for the chemical industry. The various sizes of the clusters also affect their characteristics. Indeed,
there is a large variation in sizes among the German clusters where the largest cluster Rheinland
for example has an energy use ten times larger than the smallest cluster North Sea. The various
integrations of the chemical clusters into the overall energy system, trade connections and
structures mean that the different clusters have different challenges and opportunities when it
comes to transforming them into net-zero GHG production.

2.1.3 Sustainability Agenda

Sustainability is high on the agenda in Germany, and the country has set a target to reach climate
neutrality by 2045 for the country as a whole in its Climate Change Act (Klimaschutzgesetz), with
intermediate sector targets for each year until 2030, and an overall intermediate target for 2040.
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The chemical industry in Germany has also set the target to reach greenhouse gas neutrality by
2050 (Cefic, 2022a).

The required investments that would be needed to reach the targets in the sector would be very
large and long-term, and require economic viability. This is especially important for an export
dependent industry such as the German, which faces strong competition on a global market. The
future is however very uncertain and the energy prices and framework conditions are still not
where they need to be to fully enable an industrial transition in line with the targets. It is also
unclear how the existing structures and dependencies affect the opportunities and challenges for
transition. Can for example existing trade connections, cooperation structures and pipeline
networks be used for leverage and help make the transition possible, or do they create an inertia
that makes the challenge all the more daunting?

In any case, efforts towards more environmentally sustainable production are currently being made
in several of the clusters and the companies, and some examples are summarized below. The focus
is on chemical recycling and bio-based drop-in feedstock.

In Ludwigshafen, there is an ongoing pilot project for chemical recycling via pyrolysis, and an
upcoming partnership has been announced to deliver 18 000 t pyrolysis oil based on mixed post-
consumer waste. Furthermore, smaller quantities of bio-naphtha and bio-methane are used,
which in some cases are blended in with fossil raw materials, but in other cases used to produce
100% renewable materials. Also, an electric steam cracker oven line is planned to be constructed
as a demonstration plant at the BASF site in 2023 (BASF 2022).

The Rhineland cluster experiments with chemical recycling and production of biobased
chemicals too. Pyrolysis oil is planned to be produced in the Netherlands by 2023, using in the
scale of 30 t plastic waste. Some of the oil will then be transported and processed in the steam
crackers in the Rhineland. Furthermore, Covestro is operating a pilot plant to chemically recycle
polyurethane from used mattresses via chemolysis (Covestro 2021). Covestro and LyondelBasell
are also partly using bio-sourced hydrocarbons for the production of polycarbonate respectively
polyethylene and polypropylene (Covestro 2020, Packaging Journal 2019).

The Central European Chemical Network is host to one bio-refinery, and another is currently
being built which will be able to produce chemicals from hardwood. A pilot plant for chemical
recycling of PET is also planned, and under construction is the largest PEM electrolysis plant for
the production of hydrogen, as well as a hydrogen pipeline.

In the Bavarian cluster, strategies are being set for relying more on sustainable polyolefins,
where the plan is to produce 350 kt yearly by 2025 using for example recycled and bio-based
solutions. Bio-based ethylene was produced in the steam cracker in 2021 for the first time, and
collaborations are being established for chemical recycling (OMV 2022).

These ongoing and planned projects are however notably still just at the beginning and are yet very
small scale compared to the conventional industry.

Japan

In Japan, the chemical industry has approximately 20,000 offices, 950,000 employees, and
approximately 46 trillion yen in product shipments, which accounts for more than 10% of the total
manufacturing industry. It is an important industry that supports Japan's economy and employment.
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CO2 emissions in FY2019 in Japan were approximately 1 billion tons. This amount represents about
3% of the world's total CO2 emissions. Of this amount, the industrial sector accounts for more than
35% of Japan's total CO2 emissions (about 380 million tons), and about 15% of the industrial sector's
CO2 emissions (about 56 million tons, or 5.4 % of the country’s total CO2 emissions) come from the
chemical industry. It should be noted that the chemical industry emits not only CO2 from energy
sources (electricity, heat, steam, etc.), but also emits from the use of raw materials such as naphtha.
Japan aims to achieve a carbon-neutral society by 2050. Therefore, CO2 emissions from the
chemical industry cannot be ignored in achieving this goal, and its reduction is an urgent issue that
requires a major social reform of the entire energy system.

Japan is an island nation surrounded by the sea and is not rich in underground resources. In the
past, Japan also mined coal, but as imports of cheap energy resources from overseas have expanded,
the supply of domestic energy resources has gradually shrunk, and is now almost non-existent. Not
many reserves of natural gas or oil have been identified. In addition, with the rapid economic
growth of the 1970s, energy consumption has increased rapidly. Today, Japan relies almost entirely
on imports of energy resources from overseas.

For this reason, high-density energy needed to be imported to Japan in a highly efficient manner,
and more than 50 years ago Japan became the first country in the world to successfully implement
a project to liquefy and transport natural gas. It has been almost 55 years since a 30,000-ton LNG
carrier from Alaska arrived in Japan in 1969. Marine transportation of natural gas by liquefied
natural gas has now become a global standard.

Japan's energy self-sufficiency rate is about 12%. This figure is significantly lower than that of other
developed countries, and is about 1/3 of Germany's self-sufficiency rate (about 35%). Japan's
reliance on imports for energy resources is the reason why the Japanese chemical industry is
concentrated along the coast and around ports. Figure 2-3 shows geographical locations of
petrochemical complexes in Japan.

MITSUBISHI CHEMICAL CORP.
ASAHI KASEI CORP.
{ Mizushima }

MITSUI CHEMICALS, INC.

MITSUBISHI CHEMICAL CORP.

- ( Kashima )
( bwakuni Ohtake ) MARUZEN shima
IDEMITSU KOSAN CO., LTD. PETROCHEMICAL CO., LTD
{ Shunan ) { lehihara )
MITSUI CHEMICALS, INC
{ lehihara )

SHOWA DENKO KK,
( Qita )

| IDEMITSU KOSAN CO., LTD

{ Chiba )
SUMITOMO CHEMICAL CO, LTD

( Anegasaki Sodegaura )

g -l

ENEQS CORP.

([ Kawasaki )
MITSUI CHEMICALS, INC.
( Osaka } MITSUBISHI CHEMICAL CORP.
| TOSOH coRp.
{ Yokkaichi )
Figure 2-3 Geographical locations of petrochemical complexes in Japan

(Source: Japan Petrochemical Industry Association, https://www.jpca.or.jp/english/03petro_complex/index.htm)
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Japan's first petrochemical complexes were built in Iwakuni and Ehime in 1958 to produce ethylene
and polyethylene domestically. Since then, the petrochemical complexes have been efficiently
producing petroleum, chemicals, electric power, and other diverse products in cooperation with
each other by sharing facilities and other means with other industries.

Most of Japan's petrochemical companies are located in waterfront areas because of the
convenience of shipping raw materials in and out of the country and the easy availability of land for
land reclamation. On the other hand, the petroleum refining, chemical, steel, and power
generation industries that make up the complex are also major emitters of greenhouse gases. Fuel
such as green hydrogen, blue hydrogen, green ammonia, and blue ammonia, which are promising
for decarbonization, are expected to be imported mainly from overseas. Therefore, considering
the storage and utilization of these fuels after importation, the location of the waterfront area will
continue to be very important for implementing collaboration among companies at the port. As a
result, studies are underway for the formation of a carbon neutral port (CNP) that will significantly
reduce greenhouse gas emissions in the future by developing the ability to import large quantities
of hydrogen and ammonia in a stable and inexpensive manner.

Japan relies almost entirely on imports of primary energy from overseas, amounting to about
17,000 PJ of energy as shown in Figure 2-4 Fossil resources and fossil fuels (oil, coal, and natural
gas) account for about 90% of primary energy, which is a source of CO2 emissions. Of this primary
energy, about 7,300 PJ (about 43%) is consumed in power generation, of which fossil fuels account
for about 80% (about 5% oil, 37% coal, and 37% natural gas). From the approximately 7,300 PJ of
energy, about 3,300 PJ is supplied as electricity to the industrial, transportation, and consumer
sectors. The other 9,700 PJ of energy not used for power generation is consumed as raw materials
and fuels in the industrial, transportation, and consumer sectors. The energy consumed in the
industrial sector is about 3,146 PJ, accounting for about 18% of primary energy.

Furthermore, about 747 PJ of energy is consumed in the chemical and petrochemical sector in the
industrial sector as shown in Figure 2-5. Energy consumption in the chemical and petrochemical
sector consists of about 45% oil, 17% coal, 11% natural gas, and 26% electricity. As you have
probably figured out by now, even if all the electricity consumed in the chemical and petrochemical
sector were covered by renewable energy, it would only amount to about 26% (about 191 PJ) of
the total.

The remaining energy comes from fossil fuels, and unless we recognize this and take some
measures, we will not be able to achieve a fundamental reduction in CO2 emissions. In other words,
energy equivalent to the consumption of oil, coal, and natural gas must be replaced by CO2-free
raw materials and fuels.
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3 Scenarios and roadmaps for decarbonizing the chemical

industry in Germany and Japan

3.1 Study selection criteria

With the goal of capturing the currently ongoing debate among major stakeholders in the

respective countries, the following criteria were set up for the selection of studies to include:

National focus: Focused on Germany and Japan respectively.

Sectoral focus: Covering the chemical and/or petrochemical industry in terms of energy and
feedstock. Studies may have a broader industrial scope, but should contain sections addressing
the chemical industry specifically. Furthermore, studies with a focus on steam generation at

chemical or petrochemical parks are considered relevant as well.

Major stakeholder involvement: Commissioned by trade associations, trade unions or

government agencies/ministries.

Recent: Published earliest 2018

Thus, for example studies with a wider geographical scope (such as Global or European), too limited
or too unspecific sectoral scope (e.g., focusing on ammonia only or aggregating all of industry),
purely academic studies and older studies were not selected. Based on these criteria, six studies for

Germany and five studies for Japan were chosen, as presented in Table 3-1 and 2, respectively.

Table 3-1 The selected studies for Germany.
Code Title
RoadChem Roadmap Chemie 2050 Auf dem

Wege

Denaleit

KlimaPfade

Langfrist

DeAufWeg

Weg zu einer
treibhausgasneutralen chemischen
Industrie in Deutschland

Wege in eine ressourcenschonende
Treibhausgasneutralitat

dena-Leitstudie - Aufbruch
Klimaneutralitat

KLIMAPFADE 2.0 Ein
Wirtschaftsprogramm  fir Klima
und Zukunft

Langfristszenarien flr die
Transformation des Energiesystems
in Deutschland 3

Deutschland auf dem Weg zur
Klimaneutralitdit 2045 Szenarien
und Pfade im Modellvergleich

Made by

Dechema and FutureCamp

UBA

EWI

BCG

Consentec, Fraunhofer ISI,
ifeu, TU Berlin

Kopernikus-Projekt Ariadne
and Potsdam-Institut fur
Klimafolgenforschung (PIK)
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Table 3-2 The selected studies for Japan.
Title Made by Year
Energy Saving Technology Strategy METI and NEDO 2019
The Sixth Basic Energy Plan and Long-Term Energy Supply and METI 2021
Demand Outlook
Roadmap for Carbon Recycling Technologies METI 2021
Green Growth Strategies Associated with 2050 Carbon Neutrality METI 2021
Keidanren Carbon Neutrality Action Plan KEIDANREN 2022

-- Vision toward Carbon Neutrality by 2050 and Fiscal 2021 Follow- (Japan Business Federation)
up Results (Performance in Fiscal 2020) --

Note: METI = Ministry of Economy, Trade and Industry, Japan, NEDO = New Energy and Industrial Technology Development Organization, Japan.

3.2

Germany

3.2.1 Analysis of roadmaps

3.2.1.

The six chosen roadmaps for Germany are here presented in short, including who made or
commissioned the roadmap, the type of study, ambition level and the role of the chemical sector
in the roadmap. They are then summarized and compared in terms of (i) strategies and technologies
to reduce emissions, both with regards to feedstock and energy, (ii) timeline for the emission
reduction and strategies, and (iii) major challenges identified and policy recommendations.

1 Overview of roadmaps

In Germany, several documents with modelled scenarios have been developed for the energy
system as a whole. These are often commissioned by government agencies including those
concerned with energy, economic affairs, education, and environment. Apart from these, a similar
report has been published by the Federation of German Industries (BDI). All of these take a broad
approach to drawing out possible pathways for Germany to become carbon neutral by 2045,
concerning all major sectors. In them, the chemical industry is considered as a part of the industry
sector, for which some specific results are also presented. In contrast to this, the German chemical
industry’s business association has developed a roadmap specifically focused on the chemical
industry. For the assessment of the German discussion on chemical industry defossilization, all
these documents have been included, and a brief presentation of each is given below.

Roadmap Chemie 2050 Auf dem Weg zu einer treibhausgasneutralen chemischen Industrie in
Deutschland (by Dechema and FutureCamp for VCI)(Roland Geres et al., 2019)

The roadmap written for the German chemical industry association (VCI) investigates a possible
path for transformation, measures, technologies and investments needed, and how far towards
carbon neutrality the industry can progress. As such, it hopes to provide a structure to discussions
from a technical perspective, to enable conclusions and focus points. Two pathways with different
ambition levels are modelled, as well as a reference pathway. The first pathway named “Technology
pathway”, reaches 61% emission reduction from the sector by 2050 compared to 2020, while the
second named “Greenhouse gas neutrality pathway” reaches 97% emission reduction. Unlike the
other documents, this roadmap focuses solely on the chemical sector.
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dena-Leitstudie — Aufbruch Klimaneutralitat (by EWI for dena)(Deutsche Energie-Agentur GmbH
(Hrsg.), 2021)

The German Energy Agency (dena) presents one scenario for carbon neutrality (KN100) by 2045 for
the German overall system in this document, with a focus on energy sources and their required
guantities. It describes an integrated energy system and society, with more detailed analysis of the
building, industry, transport, and energy sectors. Furthermore, the report explores aspects like
market design, innovation, societal anchoring, and the international interplay. For each chapter,
central recommendations for action are presented for the coming legislative period. The chemical
industry is modelled as part of the industry, and is discussed in broad terms.

KLIMAPFADE 2.0 Ein Wirtschaftsprogramm fiir Klima und Zukunft (by BCG for BDI)(BCG, 2021)

Since the first version named Klimapfade fir Deutschland was made in 2018, the German
government updated and tightened its climate targets. In this second version of the climate path,
these updates have been taken into account. Commissioned by the federation of German industries
(BDI), the study aims to formulate climate policy instruments that enable all sectors to reach the
set targets for 2030 and greenhouse gas neutrality by 2045. In it, one path to climate neutrality for
Germany is modelled and explored with regards to industry, transport, energy supply, and buildings,
and for each of these, recommendations for policy instruments are given. The study also discusses
investments and costs as well as policy issues in greater detail. For the industry sector, the basic
chemical industry is one of the three parts particularly considered, alongside steel and building
materials.

Langfristszenarien fiir die Transformation des Energiesystems in Deutschland 3 (by Consentec,
Fraunhofer ISI, ifeu, TU Berlin for BMWi)(Fleiter et al., 2021)

In this project, a future greenhouse gas neutral system by 2050 has been modelled on behalf of the
German Federal Ministry for Economic Affairs and Energy (BMW:i). Rather than showing one main
scenario, it investigates and compares three future scenarios relying with priority on one energy
source each: electricity, hydrogen and PtG/PtL respectively. Thus, advantages and disadvantages of
the different paths are made clearer, and path dependencies respectively robust developments are
identified. In the project, different parts of the energy system are reported in different modules,
one of which is the industry sector. In the industry module, basic chemistry, iron and steel, as well
as the cement and lime sector are modelled. The system has also been modelled with a particularly
high regional granularity, allowing for analysis of regional differences and the varying effects and
on regions with different characteristics.

Deutschland auf dem Weg zur Klimaneutralitat 2045 Szenarien und Pfade im Modellvergleich (by
Kopernikus-Projekt Ariadne and Potsdam-Institut fir Klimafolgenforschung (PIK) for
BMBF)(Kopernikus-Projekt Ariadne, 2021)

Made with support of the German Federal Ministry of Education and Research (BMBF), this project
integrates six overall system and sector models to build scenarios for Germany’s transition path to
climate neutrality by 2045. In total, six scenarios are modelled for the whole system: Electrification
(domestic), Electrification (import), Hydrogen (domestic), Hydrogen (import), E-fuels as well as a
final Technology mix. The report presents sections for industry, transport, buildings, and energy
supply. Additionally, the role of hydrogen and e-fuels is also elaborated on, as well as sector
interactions and sector coupling. Policy recommendations are also given for each section. The
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chemical industry is briefly discussed, but no quantitative results are presented. However, the
model used for the industry sector is the same as in the Langfristszenarien report described above.

Wege in eine ressourcenschonende Treibhausgasneutralitit (by UBA)(Purr et al., 2019)

This study, made by and for the German Federal Environment Agency (UBA), has a specific focus on
resource conservation in addition to emission reduction. Six scenarios until 2050 have been
produced: GreenEel, GreenEe2, GreenlLate, GreenMe, GreenlLife, and GreenSupreme, describing a
Germany with at least 95% reduction of emissions by 2050 compared to 1990. In line with the focus
on resource conservation, the analysis considers lifestyle changes, and the scenarios avoid CCS and
limit the use of biomass. It discusses effects in terms of greenhouse gas emissions, raw material
consumption and global effects. In addition to the sectors covered also in the other reports (i.e.,
energy supply, building, mobility, and industry) this report also includes chapters on the waste and
waste water sectors as well as agriculture and land use. Similarly to the previously described reports,
the chemical industry is modelled and discussed in broad terms as a section of industry, as one of
nine other industries.

Company initiatives

The roadmaps described above do not necessarily reflect planned efforts by chemical companies
on the ground, where indeed several companies active in Germany have also set up targets to reach
net-zero emissions by 2050. This includes BASF, Dow, Sabic, Ineos, LyondellBasell Industries,
DuPont and more recently Covestro, who has set the target of climate neutrality by 2035. In most
of these cases, this refers to scope 1 and 2 emissions, although this is not always clearly defined.
Dow furthermore includes scope 3 emissions and product benefits in their carbon neutrality target.
However, of these, only BASF and Covestro have published some kind of quantitative roadmap for
how these targets are to be reached, and LyondellBasell industries similarly shows this in their
sustainability report. These roadmaps are however not as detailed as the other roadmaps included
in this report, and will therefore only be briefly summarized here. The focus for reducing emissions
in the company roadmaps is primarily on the energy-related emissions, as described below:

The BASF roadmap presentation Our journey to net-zero emissions 2050 (BASF, 2021) contains
indications of which strategies are to be used to reach 25% emission reduction by 2030
compared to 2018. The path from 2030 to 2050 is not specified. More than half of the reduction
until 2030 will be due to renewable electricity and heat electrification measures. The use of new
technologies like electric steam cracking, water electrolysis, methane pyrolysis and CCS make
up about 20% of the reduction. Optimizations and emissions offsetting make up the remaining
emission reduction. The use of bio-based feedstock plays a very marginal role.

The 2021 sustainability report of LyondellBasell Industries (LyondellBasell, 2022) presents an
emission reduction of 30% until 2030 compared to 2020. Here, planned greenhouse gas
reduction projects such as minimizing flaring, fuel switches and energy use optimizations make
up about half of the emission reduction. Renewable electricity makes up about 20% of the
reduction and the rest is not specified.

Covestro presents their planned emission reduction in their presentation We Will Be Fully
Circular (Covestro, 2022). A 60% emission reduction is to be achieved until 2030, consisting of
40% renewable electricity, 30% renewable steam and 30% more sustainable manufacturing. The
remaining emissions are reduced until 2035 in a similar pattern. More sustainable
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manufacturing here refers to the use of catalysts to reduce nitrous oxide emissions, energy
optimizations and more digitalization for more efficient production control.

3.2.1.2 Strategies for feedstock

In the selected roadmaps, the overall production volumes in Germany are expected to remain
stable or decrease by up to 40% until the target year, with an exception for specialty chemicals in
RoadChem which are there expected to increase by 2% per year in value. To supply the feedstock
needed, all available options for feedstock defossilization are used in the roadmaps, i.e., recycled
feedstock, biomass-based feedstock as well as feedstock based on captured CO2, as can be seen in
(BCG, 2021). Especially for CO2-based production, the addition of hydrogen is required. Some fossil
feedstock is assumed to remain in some of the scenarios. Often, the strategies are used in
combination, although routes based on captured CO2 and hydrogen tend to dominate in the
German scenarios.

Table 3-3 Feedstock used in the pathways, as shares of total feedstock base for the products specified in the
roadmaps.
Roadmap Scenario Fossil Recycling Biomass CO2 and H2

Wege (All scenarios) 0% nq 22% -
RoadChem Technology pathway - 12% 29% 14%

GHG neutrality pathway 6% 11% 28% 55%
KlimaPfade Proposed path 0% 30%* 0%?
Langfrist TN-Strom 0% nq 0%

TN-H2 0% nqg 0%

TN-PtG/PtL 0% nqg 0%
Denaleit KN100 19% nqg 9%

Notes on the table:
A deeper colour corresponds to a larger share and yellow is used if the feedstock source is mentioned but not quantified.
* 18% mechanical recycling, 12% chemical recycling.

** Other renewable than bio-based is not further specified in the report and subsumed here under CO2/H2.

Recycled feedstock is generally considered an important part of a future circular economy, although
not always quantified as part of the feedstock as recycling is considered separate from the chemical
industry. All roadmaps refer to increased mechanical recycling, collection rates or material
efficiency. Furthermore, RoadChem and KlimaPfade explicitly point to chemical recycling in the
form of pyrolysis or a mix of pyrolysis and gasification. Recycled feedstock represents 10 to 30% of
the feedstock in the cases where it is explicitly considered.

The use of biomass for feedstock is mixed, ranging from 9 to 30% of feedstock but also 0% in other
scenarios, and 40% of the methanol in Denaleit. It can also be difficult to distinguish its use from
CCU, since the carbon source in platform chemicals is sometimes lumped together, or BECCU is
used. In the two cases where it is quantified, the technology used is gasification.

The main source of carbon used in all of the German roadmaps is CO2. In total, captured carbon
makes up 14 to at least 72% of the feedstock used, or 55-72% when only net-zero scenarios are
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3.21

considered (mechanical recycling is in most cases not counted here). The CO2 is most often sourced
from air, but industrial sources are also often used, including waste incinerators and district heating
as well as the cement industry. Some of the roadmaps (Wege and KlimaPfade) also open up for
capture from fossil sources, at least temporarily. The feedstock is in many cases assumed to be
imported in the form of synthetic naphtha or methanol from places with presumably better access
to cheap renewable electricity. The origin of the carbon is then not always clear, although Denaleit
states that DAC is the preferred. As CO2 contains no energy, hydrogen must be added, and large
amounts of renewable electricity are needed to produce carbon neutral hydrogen through water
electrolysis. While green hydrogen production through water electrolysis is the most common
technology assumed, methane pyrolysis and steam methane reforming (SMR) hydrogen production
equipped with carbon capture are part of one roadmap each.

The subsequent production processes of feedstocks into hydrocarbons are partly independent from
the feedstock. The most common routes assumed are to either make methanol, which can then be
turned into a variety of chemicals via MtO or MtA routes, or to produce synthetic naphtha by
turning the feedstock into syngas by the addition of H2 and using it in Fischer-Tropsch (FT) plants.
The synthetic naphtha, which is one target product of the FT processes next to hydrocarbon fuels
like kerosene is then used in conventional steam crackers. The route with synthetic naphtha thus
allows for the continued use of available plants and infrastructure.

.3 Strategies for electricity, heat and steam

Most roadmaps foresee a reduction in energy demand from the chemical sector, down to a 35%
reduction in the TN-Strom scenario in Langfrist (there referring to final energy use only), but it may
depend on whether e-fuels are counted in terms of energy content or electricity needed for
production. Only RoadChem includes electricity needed for the production of hydrogen, and
presents energy both for final energy use and for feedstock, and projects a 87% increase in this
energy demand. Most of the energy demand in the chemical industry is assumed to be supplied in
the form of electricity, as can be seen in Table 3-4, which presents the energy sources used for
power and heat. The electricity is modelled to be fully renewable by 2045 in order to be in line with
the German emission goals, and is then almost exclusively produced via on- and offshore wind as
well as solar PV. Electrification of chemical industry processes is described through the use of heat
pumps, electrified boilers, furnaces (including in some cases steam crackers). While electricity is the
main source of energy in all scenarios except one (which focuses on PtG/PtL), this is supplemented
by smaller shares of biomass or biogas, or electric fuels (i.e., hydrogen and synfuels). The fuels that
can be used depend on the temperatures required, where biogas, hydrogen or synfuels may be
used for higher temperatures. Boilers may also be operated flexibly, able to accept a variety of fuels.
For lower temperatures, district heating plays a role as well, contributing 5 to 10% of the energy
demand. Apart from the defossilisation of fuels, all roadmaps also assume energy efficiency gains,
for example through conversions to best available technologies (BAT).

The energetic use of hydrocarbon by-products, which is today a very important source (see Figure
2) may shrink due to increased carbon recycling at the sites, but its potential future role is in general
hardly addressed by the studies.
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Table 3-4 Energy sources used for non-feedstock purposes in the scenarios, as shares of total non-feedstock
energy use.
Roadmap Scenario Fossil Waste Biomass H2 Electricity =~ Other/Non-
material separable

Wege Greenlate 0% ng 0% ng 18%
Other scenarios 0% ng 0% ng 26%

KlimaPfade Proposed path 0% 2% 11% 2% 8%

Langfrist TN-Strom 1% 0% 0% 0% 12%
TN-H2 1% 0% 0% 29% 60% 11%
TN-PtG/PtL 0% 0% 0% 0% 34% 66%

Denaleit KN100 5% 0% 17% 16% 50% 12%

Notes on the table: A deeper colour corresponds to a larger share. Yellow is used if the energy source is mentioned but not
quantified (“nq”). Hydrogen and synthetic fuels are in all cases counted in terms of the fuels energy content.

3.2.1.4 Timelines
A central question in the discussion is timing. When could potentially the technologies be
available, the necessary infrastructure be in place? When are which investments needed? When
then can the new technologies start to contribute significantly to production, the emissions
significantly decrease and reach net-zero? While some indications of possible timelines are given
in the roadmaps (see Fig. 3-1 and Fig. 3-2), the questions around when things can happen depend
on external factors as well, and still remain partly open.

The clearest indications for timing given in the roadmaps concerns when technologies are assumed
to be available (Figure 3-1). The roadmaps indicate that the period around 2025 to 2035 will be a
time when many technologies come into use in general, and by 2040 all the technologies are
expected to be available. For specific technologies or strategies, the assumptions are spread,
especially when more roadmaps outside the scope of this report are considered (indicated by the
green bars in Fig. 3-1). It can be noted that none of the German roadmaps give an indication of
when hydrogen could be used for energy purposes, or when CCS may come into use in the chemical
industry. The availability of these options is not about TRL but about related infrastructure needs,
that have to be built up. So their phase-in is highly driven by the duration of public planning
processes. Furthermore, the production of hydrogen via methane pyrolysis (“turquoise hydrogen”)
was only indicated in RoadChem, for 2040. Following the market introduction of the technologies,
a rapid scale-up is needed, i.e., 10 to 15 years in order to be able to reduce emissions to net-zero
by 2045. Indeed, the emissions are modelled to decrease more rapidly after 2035 in several
scenarios, even though some also foresee a linear decrease.

As for the development of emissions, the roadmaps portray a linear decrease towards net-zero, or
a slower initial decrease followed by an accelerating decrease (see Figure 3-2).

The federal law on climate protection foresees a reduction of scope 1 emissions in the total industry
sector by 37% until 2030 compared to 2015. Only in the most ambitious pathways displayed, the
chemical industry would deliver an equivalent share, in the other pathways other industrial sectors
would have to compensate for the slow start of the chemical sector towards decarbonization.
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In the German context of Energiewende, there are also intermediate targets set for the energy
system, including the phase out of coal until 2038, and a target of 80% renewable electricity by
2030 (compared to 46% today) (Die Bundesregierung, 2023). Achieving these targets will lead to
reduced scope 2 emissions for the industry until the next decade.
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EtO Methanol via CO2 and electrolysis hydrogen
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The bars represent the span for when technologies of the given category come into play based on a wider selection of roadmaps (e.g., not only
with a German scope).

Figure 3-1 Timeline indications for key technologies given in the German roadmaps (points).
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Figure 3-2 Emission development in the German scenarios.
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3.2.1.5 Challenges identified in roadmaps

The transformation of the chemical industry, which is currently completely dependent on fossil
resources both for energy and feedstock, is recognized as a large undertaking in the German
roadmaps, and the speed needed to reach the goals until 2045 brings the challenge to a head.

A transformation to a climate neutral chemical industry is naturally associated with significant
investment costs to convert all production and furthermore to build up the necessary infrastructure.
To make the necessary investments into production units that are intended to be used for decades,
the roadmaps suggest that the business case should be clear and with limited uncertainty, unlike
today. Failure to reach a business case for a low-carbon chemical industry implies a risk of relocation,
where industries move abroad to countries with better economic incentives for chemicals
production, be it low-carbon or not. The roadmaps note some challenges in particular that must be
overcome. These concern especially investments, price signals, competitiveness, infrastructure,
and uncertainties about future conditions. KlimaPfade and Langfrist for example point out that the
price structures currently favor the use of natural gas over electricity for heat. The price for natural
gas in Germany in 2030 is assumed in KlimaPfade to be 44-62 €/MWh, compared to 64-170 €/MWh
for power-to-heat solutions. The range for natural gas price reflects dependency on the CO2 price,
and the cost for power-to-heat is dependent on the user. RoadChem and KlimaPfade emphasize
the challenge of transforming the electricity system, which is still far from delivering the required
amounts of renewable electricity. They assume an electricity price of 40-50 and 64-174 €/MWh
respectively, while the price today is 149 €/MWh (Statistisches Bundesamt (Destatis), 2022), when
fossils still represent 47% of electricity production in Germany in 2021 (Eurostat, 2022).
Furthermore, the necessary infrastructure for e.g., electricity, hydrogen and CO2 is not in place,
which DeAufWeg, Langfrist and especially KlimaPfade describe. Such infrastructure must be rapidly
expanded on a large scale, both on a national and European level. Uncertainties regarding local
connections to these infrastructures also complicate planning. At the same time, the three
mentioned roadmaps point to the finding that the price signal for CO2 is not strong enough on its
own and not currently effective enough to make the low-carbon alternatives more affordable.
DeAufWeg for example states that the CO2 price should be above 100 €/tCO2 in the medium term
for CO2-neutral processes to be operated economically (although this is not specific for the
chemical industry). All of this is seen to require simultaneously maintaining the competitiveness by
providing support and subsidies for targeted investments. To conclude, the roadmaps point to their
finding that the current framework does not sufficiently encourage a large-scale transformation
and the long-term certainty needed is not in place.

3.2.1.6 Policy recommendations in roadmaps

Several recommendations for policy and government actions are presented to overcome the
challenges and enable the described developments. Firstly, the direction of transformation can be
set more clearly by government actors, and long term-commitment is needed. This comes for
example in the shape of developing strategies for the use of resources like sustainable biomass, and
planning infrastructure for e.g., electricity, hydrogen and CO2, as well as energy management and
efficiency. There is also a strong emphasis on increasing resource efficiency and circular economy,
for example through increased recycling targets and quotas for recycled input content. The
direction would also be set clearly with a carbon price with a high steering effect. On the one hand,
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the price should be high enough to shift the balance in favor of low-carbon technologies, but on
the other hand the industry should not be made uncompetitive, and competition should be fair
between industries as well as countries. Some roadmaps argue that the EU ETS be expanded to
sectors currently outside the system. At the moment, there are insufficient incentives through EU
ETS to use or produce biopolymers.

Overall, the roadmaps call for increased and long-term engagement by governments in the
industrial transition. This both through stronger coordination and enabling faster processes when
it comes to planning and approval, but also through success control, monitoring and impact
assessment of targets and regulatory frameworks. The transformation also requires long-term
financial commitment and speed in technological development. Therefore, several documents also
mention more targeted and focused support for technology development.

As long as industries in the EU face different requirements and costs than in other countries, the
playing field is not levelled and unfair competition becomes an issue. Policy recommendations in
the roadmaps are also directed at addressing this, and to ensure a business case for low-carbon
technologies. As the electricity price is a main issue determining future economic viability, reducing
this price is especially brought forward, where for example tax exemptions and changes to
electricity levies are suggested, alongside the expansion of renewable electricity production. Green
power purchase agreements (PPAs) are also promoted. Other tools often mentioned to counteract
the business case imbalance of conventional technologies compared to low-carbon are carbon
contracts for difference (CCfD) and green lead markets. CCfDs (i.e., contracts, in which the
government agrees to pay a company for the difference between the cost of a carbon-neutral and
the conventional technology, or at least between the emission abatement cost of a new technology
and the market price for carbon) could be used for energy carriers for electricity, hydrogen,
biomethane and products, especially up to 2030, but the framework around it would still need to
be developed. Green lead markets can be used to create demand particularly for the low-carbon
products. This can be in the form of quotas for low-carbon material inputs and of creating demand
via public procurement. Finally, global harmonization is promoted, through the continued
development of the carbon border adjustment mechanism (CBAM) and working harder for an
internationally coordinated climate policy.

3.2.1.7 Outlook on discussions beyond the roadmaps

A large range of discussions and topics interplay with that of chemical industry defossilization, such
as industry strategies, energy system and circular economy. Here we will elaborate on a few topics
that are especially high on the agenda today and have a large impact on the situation in the
chemical industry and its transition. These are: the ongoing energy crisis, shifts in the global playing
field due to the Inflation Reduction Act in the USA, and developments regarding a hydrogen
economy.

The ongoing energy and gas crisis in Europe due to Russia's invasion of Ukraine has put a strain on
the European industries, and the German chemical industry not least. The energy prices in Europe
have always been considered high compared to other world regions (but for natural gas lower in
comparison to East Asia), and are now higher than ever. Furthermore as described above, many of
the German clusters are highly dependent on natural gas. The chemicals and pharmaceuticals
industry is responsible for 15% of Germany’s gas consumption and the German chemical industry
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has had a just under 50% reliance on Russian natural gas (Sabadus, 2023). The high gas and
electricity prices have caused some chemical industry capacity to close, and the industry’s margins
are harmed by the volatile oil and feedstock prices. The fertilizer production, being very gas
intensive, has been especially subject to capacity closures. The petrochemical industry is mainly
dependent on natural gas for heat and electricity, but certain petrochemical products are also
especially affected (Sabadus, 2023). Cefic released a position paper in October 2022 with regards
to the energy crisis (Cefic, 2022b). In it, they highlight the trade deficit as the EU imports more
chemicals than it exports, and call for action by the European Commission and Member States. They
there ask for both emergency measures for the winter, and long-term measures for 2023 and
beyond on the other. In November, the European Commission proposed a plan to accelerate
renewables permitting processes as a measure to decrease dependence on Russian energy. At the
end of 2022 (in particular in December), chemical production indices fell dramatically and BASF,
being most hit by the high gas prices, announced additional plant closures in February 2023,
including the permanent closure of one ammonia plant and the closure of a brand new TDI plant in
Ludwigshafen. The recent decrease in the price of natural gas and oil (early 2023) has somewhat
relived these strains, but the price is still higher than before the crisis. However, the price of
electricity did not decrease as much yet, which has worsened the economic disincentives for
electrification. The further direction that these energy prices take in the next years remains
uncertain.

Another major point of discussion is the US Inflation Reduction Act, which was passed and signed
into law in August 2022 (H.R.5376 - Inflation Reduction Act of 2022, 2022). This record size climate
bill attempts to decrease the greenhouse gas emissions from the USA, avoid negative impacts on
people due to climate change and the energy shift, while simultaneously making the USA and its
industry into a green technology center globally (The White House, 2023). It is filled with subsidies
and tax credits for a range of climate and energy related activities, including renewable electricity,
manufacturing of clean vehicles, carbon removal, energy efficiency, clean hydrogen, and energy
infrastructure in the USA (Boehm, 2023). Due to the global nature of the industry markets, such a
bill affects the industries in Europe as well, and here high concerns have been raised by businesses
and policy makers. Certain parts of the IRA law has been said to discriminate against European
companies, unfairly tilting the global level playing field towards the USA at the expense of the EU,
and fears of a trade war and a subsidy race have been voiced (Lee & Klevstrand, 2022; Reuters,
2022). The EU launched a task-force to address concerns by the EU regarding the IRA (European
Commission, 2022a), and the EU has since required amendments. On the other hand, the director
of Cefic has brought up the IRA as a model for the EU to emulate (Lopez, 2022). They point to the
business case the IRA creates for green technologies in the USA, and that the EU ETS and CBAM are
flawed and do not retain competitiveness in the EU. They also argue that the state aid rules should
be revised to not prohibit subsidies and tax breaks, which the European Commission is now also
considering (Kurmayer, 2022).

The crucial development of a hydrogen economy has seen some recent progress. On an EU level,
rules have recently been proposed defining what should be counted as renewable hydrogen, in
particularly clarifying in what way the electrolyzers must be connected to additional renewable
electricity production, an how the hydrogen production should correlate to electricity production
temporally and geographically (European Commission, 2023). There are also intensified
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international cooperations between the EU and other countries on this topic. A cooperation
between the EU and Japan has been intensified, aimed at promoting innovation and the
development of a global hydrogen market (European Commission, 2022c), and the presidents of
the European Commission and Egypt have also issued a joint statement on an EU-Egypt cooperation
on renewable hydrogen (European Commission, 2022b). Germany will be investing 550 million €
into two hydrogen funds, that aim at fostering investments into hydrogen in developing and
emerging economies, as well as accelerating a global green hydrogen infrastructure and market
across all countries (BMWK, 2022).

3.2.2 Conclusions on German pathways

There are a variety of roadmaps for Germany tackling the defossilisation of the chemical industry.
While the chemical industry is often not the main focus, it is an important part of the energy system
as a whole. Based on the analysis of these roadmaps, a few conclusions can be drawn, but there
are also many questions left unanswered.

The preferred strategy for defossilisation of the German chemical industry appears to be a mix of
different feedstock and energy options, but there is an emphasis on CCU for feedstock and
electricity for energy supply. As domestic resources of renewable energy and feedstock are limited,
imports in terms of intermediate products and hydrogen play an important role. The German
“industry business model” as a whole is dependent on global markets, and so is its industrial
transition.

A priority in the German context is that the system should ideally not only be low-carbon, but also
defossilized and renewable. This is true for the electricity, as well as the hydrogen, and means that
for example nuclear power or blue hydrogen is often avoided in the roadmaps, due to the risks of
nuclear energy and the residual GHG emissions from blue hydrogen. On a similar note, concern is
given to the use of biomass by emphasizing that it must be sustainably sourced.

While there are several roadmaps pointing a way towards net-zero emissions for Germany, this
does not imply that such a development is likely at current conditions. Rather, the documents
intend to show what a development in line with the national and international targets could look
like, but often emphasize the associated challenges and need for more action if it is going to be
realized. The roadmaps are also filled with uncertainties and show deviating results, indicating that
the path forward is all but clear for the involved actors and stakeholders. Such open questions
include what the future market prices for electricity and other important resources will be, to what
extent biomass could and should be used, how fast low-carbon technologies can be put into use
and sufficient quantities of green hydrogen and PtX/PtL will be available in sufficient quantities at
competitive costs, and consequently if and where low-carbon production can be competitive.

On top of it all, the German industries are currently experiencing several different fundamental
movements due to world politics, both challenging and enabling. The vulnerabilities of the natural
gas dependent industries have been made clear during the energy crisis, which has forced the
natural gas dependent industry to large capacity closures. Also, the competitiveness for green
production in the long term could be challenged by the new IRA law in the US, although at the same
time, the IRA is sometimes seen as an opportunity to motivate political changes that enable a green
transition of European industries. Furthermore, advances are being made to build up the necessary
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infrastructures and markets for low-carbon solutions, including a global hydrogen economy, and
Germany and its industries are active players in these developments.

3.3 Japan

3.3.1 Analysis of roadmaps

This section provides a brief overview of the five strategies selected by Japan. The strategies related
to the decarbonization of raw materials (feedstocks), electricity, and heat (steam), which are
sources of CO2 emissions, are discussed. We then summarized their relationship to the timeline
for the emission reduction and strategies, challenges identified in roadmaps, and outlook on
discussion beyond the roadmaps from the perspective of policy recommendations.

3.3.1.1 Overview of roadmaps
(1) Energy Saving Technology Strategy (METI, 2019)

The first edition of the Energy Saving Technology Strategy was published by METI (Ministry of
Economy, Trade and Industry, Japan) in April 2007. This strategy set a goal of "further improving
energy consumption efficiency by at least 30% by 2030," and provided guidelines for specific
directions to achieve this goal. Subsequently, the guidelines have been revised sequentially under
the joint names of METI and NEDO (New Energy and Industrial Technology Development
Organization, Japan), while reflecting government policies such as the Basic Energy Plan. Since
there are so many energy conservation technologies in a wide range of fields, the guidelines identify
priority fields and key technologies to be focused on to more effectively promote technology
development.

In the 2019 revision, energy conservation technologies that lead to the use of waste heat and
renewable energy as main power sources are identified as important technologies. Specifically, to
promote the use of waste heat and the decarbonization of heat systems, technologies that convert
waste heat into electricity with high efficiency and high-efficiency electric heating technologies are
added to the list of important technologies. These technologies include high-efficiency power
conversion of waste heat, circulating use of thermal energy, and high-efficiency electric heating
(dielectric heating, laser heating, and heat pump heating).

In addition, based on the emergence of new business models that utilize digital technology and the
rapid increase in the volume of information in recent years, technologies related to the 4th
Industrial Revolution have been added to the list of important technologies. These include next-
generation processors (neuromorphic and quantum computing), car and ride sharing, and
blockchain.

Based on the policy of making renewable energy the main source of power, technologies related to
the power supply and demand adjustment and reserve capacity have been added to the list of
important technologies. These include grid-side/business and industrial high-efficiency power
generation technologies that ensure flexibility, and the adjustment of electricity supply and
demand (high-performance storage batteries).

Currently, a revision of the energy conservation strategy is under consideration based on the Sixth
Basic Energy Plan announced in 2021.
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(2) The Sixth Basic Energy Plan and Long-Term Energy Supply and Demand Outlook (METI, 2021)

The S+3E perspective is important in promoting energy policy. S+3E refers to the realization of a
system that can supply energy stably (Energy Security) and at low cost (Economic Efficiency) on the
premise of safety (Safety), and aims for environmental compatibility (Environment).

Based on this belief, the Sixth Basic Energy Plan was formulated on October 22nd, 2021, which sets
the basic direction of energy policy. The year 2021, when this plan was formulated, marks exactly
10 years since the Great East Japan Earthquake and the accident at TEPCO's Fukushima Daiichi
Nuclear Power Plant. The focus of this master plan is to chart a course for energy policy toward
achieving "carbon neutrality by 2050," as announced in October 2020, and a new mid-term
greenhouse gas (GHG) emission reduction target, as announced in April 2021. The new GHG
emission reduction target is a 46% reduction in GHG emissions by 2030 compared to 2013 levels.
The report also mentions that, in order to overcome the challenges posed by Japan's energy supply
and demand structure while promoting climate change countermeasures, efforts will be made to
ensure a stable supply and reduce energy costs, with safety as a major prerequisite.

And the Long-Term Energy Demand and Supply Outlook is a strategy released in conjunction with
the Sixth Energy Basic Plan. It lays out a concrete path for a 46% reduction in GHG emissions. In
other words, it shows how to overcome the various challenges that will arise in energy supply and
demand as a result of attempts at thorough energy conservation and aggressive use of non-fossil
energy, and what the structure of energy supply and demand will look like at that time.

According to the Long-Term Energy Supply and Demand Outlook, primary energy supply is expected
to be about 430 million kL of crude oil equivalent (about 16,400 PJ), almost unchanged from the
current situation. The breakdown is as follows: 31% oil (about 130 million kL, 5,000 PJ), 22-23%
renewable energy (about 100 million kL, 3,800 PJ), 19% coal (about 80 million kL, 3,000 PJ), 18%
natural gas (about 80 million kL, 3,000 PJ), 9-10% nuclear power (about 80 million kL, 3,000 PJ), 9-
10% nuclear power (about 40 million kL, 1,500P)J), and 1% hydrogen/ammonia (about 2 million kL,
76 PJ).

(3) Roadmap for Carbon Recycling Technologies (METI, 2021)

CO2 is treated as a source of carbon, it will be utilized for producing chemical materials and fuels,
mineralization source, etc. and it will also be able to control CO2 emissions. Carbon Recycling
technology advances research and development of CO2 utilization promoting collaborations among
industries, academia and governments around the world and stimulates disruptive innovation. The
strategy outlines the direction of technology development for 2050 and beyond, and includes
performance and cost targets for individual technologies.

This strategy was developed in June 2019, but was revised in July 2021 due to rapid progress in R&D
aimed at international collaboration and the "Green Growth Strategy Associated with Carbon
Neutrality in 2050," discussed below, which was developed in December 2020 and positions carbon
recycling as a key technology for achieving carbon neutrality.
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Specifically, DAC (technology for direct capture of CO2 from the atmosphere) and synthetic fuels
(carbon-free decarbonized fuel produced by synthesizing CO2 and hydrogen), which have made
remarkable progress, were newly added to the roadmap.

And until now, the roadmap had set "around 2030" for (1) those aiming for early deployment (those
that do not need hydrogen or have high added value) and "around 2050" for (2) mid- to long-term
deployment (general-purpose products). Inthe revised version, (2) above has been moved forward
to "around 2040" in view of the progress and acceleration of development. In addition, the details
of efforts for international collaboration, which has been progressing, have been added.

(4) Green Growth Strategies Associated with 2050 Carbon Neutrality (METI, 2021)

Achieving a carbon neutral society cannot be accomplished without extraordinary efforts.
Therefore, in order to encourage innovation that encourages bold investment, the government has
decided to allocate a generous budget to 14 selected areas that are expected to grow. No areas
specific to the chemical industry have been selected, but technology development related to raw
materials, electricity, and heat have been selected. The 14 areas include (1) renewable energy, (2)
hydrogen and ammonia, (3) heat utilization, (4) nuclear power, (5) automobiles and storage
batteries, (6) semiconductors and information and communications, (7) ships, (8) logistics, human
flow and infrastructure, (9) food, agriculture, forestry and fisheries, (10) aircraft, (11) carbon
recycling and materials, (12) housing, construction and power management, (13) resource recycling
and (14) lifestyle.

(5) Keidanren Carbon Neutral Action Plan - Vision toward Carbon Neutrality by 2050 and Fiscal 2021
Follow-up Results (Performance in Fiscal 2020) — (Keidanren, 2022)

The Japan Business federation (Keidanren) consists of 1,494 representative Japanese companies,
108 major industry associations in the manufacturing and service sectors, and 47 local business
organizations. They aim to develop the Japanese economy and improve people's lives by
harnessing the vitality of companies and the individuals and communities that support them. They
propose steady and prompt measures to address the various economic and industrial challenges
facing the country, while compiling their views on the issues.

It also encourages domestic industries to formulate a vision (basic policy) for the realization of a
carbon-neutral society in 2050. Therefore, they call for efforts to effectively reduce CO2 emissions
through the maximum adoption of BAT (Best Available Technologies). Then, to achieve the goal of
GHG emission reduction in 2030, the progress of each industry is surveyed every year, and the
direction is reviewed and revised. The survey report is the Carbon Neutral Action Plan submitted
by each industry section.

The Carbon Neutral Action Plan for the petrochemical (chemical industry) sector is compiled by the
Japan Chemical Industry Association (JCIA) and reported to Keidanren. According to the JCIA, in its
Carbon Neutral Action Plan for the Chemical Industry, the chemical industry section aims to reduce
CO2 emissions by 6.79 million tons by 2030 on a fiscal 2013 basis. Furthermore, for 2050, the plan
sets a goal of introducing innovative technologies to achieve carbon neutrality, such as technology
to produce plastics from CO2, artificial photosynthesis, and positive use of biomass.
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The JCIA has proposed its own LCA assessment index, cLCA (carbon life cycle analysis), for the
treatment of CO2 emitted when chemical products are used by other industries or consumers. This
method estimates the reduction in CO2 emissions by adding up the amount of CO2 emitted in each
process of raw material extraction, manufacturing, distribution, use (consumption), and disposal,
and comparing it to the amount of CO2 emissions if existing products were distributed. This
concept will be applied not only in the chemical industry, but also in the fields of steel and cement
as well as synthetic fuels in the future.

In May 2021, the JCIA published "The Chemical Industry's Stance Toward Carbon Neutrality”. It
advocates rationalization of product manufacturing processes, introduction of innovative
technologies such as electrification, fuel conversion for in-house power generation facilities, use of
renewable energy, use of biomass, recycling of raw material carbon by utilizing waste plastics,
process conversion leading to minimization of energy consumption, and development of new
materials worthy of innovation in the entire value chain.

Like JCIA, in March 2021, the Petroleum Association of Japan (PAJ) released its "Vision (Aim) Toward
Carbon Neutrality in the Petroleum Industry”. The industry is working on energy conservation
measures, such as reducing energy consumption in heating furnaces by using high-efficiency heat
exchangers, introducing advanced computerized control systems, and replacing steam turbines
with high-efficiency motors as the power source for compressors. Toward 2050, the company is
also working to develop innovative technologies, such as promoting the recycling of waste cooking
oil and waste plastics, utilizing biomass feedstock, producing sustainable aviation fuel (SAF), and
producing synthetic fuels through the production and use of CO2-free hydrogen. These
developments are also described in the carbon neutral action plan mentioned above.

While there are various strategies as described above, the key to reducing CO2 emissions in the
chemical industry is to focus on the sources of those emissions: raw materials (feedstocks),
electricity, and heat (steam), and to make them CO2-free. From the next section, we will organize
the strategies and issues mainly from these three aspects.

3.3.1.2 Strategies for feedstock

From Figure. 2.2 3, coal and oil are used as main raw materials in the chemical and petrochemical
sector. The amounts are 129 PJ of coal (about 17%) and 341 PJ of oil (about 45%).

The only way to make these raw materials CO2-free is to convert them to biomass-derived raw
materials or to recover CO2 and produce raw materials for petroleum products from CO2. In other
words, one is to use bionaphtha to produce petroleum products through conventional processes
(naphtha cracking), and the other is to produce petroleum products directly from CO2. The latter
is a carbon recycling technology that is being actively researched and developed in Japan; for
example, projects are underway in Japan to produce olefins and other products from CO2. Whether
all petroleum products can be manufactured from CO2 is a major issue for the future, including the
balance between supply and demand.

There are also many issues to be considered, such as how long CO2 will be fixed in petroleum
products manufactured from CO2, how to evaluate CO2 after disposal, and if DAC is used, whether
the mass balance between CO2 recovery by DAC and supply to products can be maintained.

24 | Names of authors as cited (X et al.)



E T -
%00® Roadmaps for climate-neutral petrochemical production systems

Incidentally, there have been few attempts to use biomass as a feedstock for the chemical industry
in Japan. In December 2021, Mitsui Chemicals imported about 3,000 tons of biomass naphtha (bio-
naphtha) from Neste in Finland and fed it into an ethylene cracker at its Osaka Plant. The company
plans to produce various plastics, chemicals, and other derivatives from the ethylene cracker. The
products will be shipped with biomass certification based on ISCC PLUS (International Sustainability
& Carbon Certification) certification. These attempts are just the beginning.

It is an extremely important concept to recycle waste, waste cooking oil, and waste plastics. In
Japan, about 85% of plastics are recovered, and the recovery rate is increasing year by year.
However, the current breakdown is 22% material recycling, 3% chemical recycling, and 60% thermal
recycling. Compared to Europe and other countries, incineration is more widespread in Japan, and
thermal recycling is the mainstream.

3.3.1.3 Strategies for electricity

There is first of all the need to decarbonize the electricity used for current end-use technologies. In
addition, a decarbonized electricity supply would also provide opportunities for electrification of
heat (steam), as discussed in the next section. Therefore, this section analyzes the strategies for
decarbonizing electricity supply in Japan in general.

Japan's electricity supply is based on a centralized power supply system. On the other hand, many
offices have their own power generation systems. This is very reassuring during periodic
inspections of factories and in emergency situations such as disasters, but power generation
capacity is not very large.

Japan's electricity composition is 31% coal, 6.4% oil, 39% natural gas, 7.8% hydroelectric, and 12%
renewable energy (FY2020). It is difficult to know which type of power source supplied the power
from the power plant to the factories and other facilities, because the power is connected to the
power grid. Japan relies on imports for most of its fuel for power generation, and the composition
of that power depends on the location of power plants and factories.

The use of renewable energy sources is essential to decarbonizing electricity. The petrochemical
industry consumes 191 PJ of electricity (Figure. 2.2 3), which would require 43 million kW of solar
power or 30 million kW of wind power (converted to 14% and 20% of solar and wind power facility
utilization, respectively). Currently, solar power is the most widely installed renewable energy
source in Japan, with an installed capacity of approximately 65 million kW (in FY2020). In other
words, if the power consumed by the petrochemical industry were to be supplied by photovoltaic
power generation, it would require an amount of power equivalent to 2/3 of the existing
photovoltaic power generation capacity.

To begin with, Japan has limited land with good solar radiation and wind conditions, and Japan does
not have a well-developed power transmission and distribution network for renewable energy, and
efforts are currently underway to strengthen this network. We must also not forget to take
measures to prevent power output fluctuations due to the instability of renewable energies.

CO2-free electricity supply by means other than renewable energy is also being considered. The
key point is how we can get rid of fossil fuels, but we need to think about solid, liquid, and gaseous
fossil fuels. For solid fuels, the use of recycled materials such as biomass and waste plastics is mainly
effective. For liquid fuels, ammonia and MCH (methylcyclohexane), which are in the spotlight as
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hydrogen carriers, and methanol and ethanol as CCU products can be considered. For gaseous fuels,
hydrogen and synthetic methane as CCU fuels can be considered.

For hydrogen and ammonia, the Japanese government aims to replace 1% of its power supply mix
with hydrogen and ammonia by 2030, and to introduce 20 million tons of hydrogen and 30 million
tons of ammonia by 2050.

Since methanol and ethanol again produce CO2 when burned, it is necessary to consider using the
recovered CO2 as a raw material and recovering the CO2 after combustion. Of course, using CO2
recovered from the atmosphere is very effective (DAC), and CO2 can be isolated by CCS.

In order to construct such a new energy system, NEDO is promoting next-generation R&D that
challenges carbon neutrality under the title of "moonshot-type R&D projects" and "green
innovation fund projects”. However, it is likely to take some time before practical application.

3.3.1.4 Strategies for heat and steam

There are three ways to decarbonize heat: (1) effective utilization of unused heat (waste heat), (2)
CO2-free heat sources, and (3) use of electrothermal conversion.

Even though waste heat is generated as a by-product in almost all technical processes, it is often
lost without being utilized. For example, incineration of waste materials to generate heat for
heating and hot water supply is one of Japan's specialties. Thermal storage technologies, heat
pumps, absorption and adsorption chillers, and thermoelectric generators play an important role
in the utilization of waste heat. Waste heat can be easily utilized, but the balance between waste
heat sources and consumers is very important. In particular, it is necessary to investigate the
temperature range, heat content, waste heat flow, timing of heat supply and heat demand, type of
heat medium, and local conditions.! Effective use of unused heat (waste heat) can significantly
reduce fossil fuel consumption and CO2 emissions. However, as long as fossil fuels are used as heat
sources, it is not possible to reduce CO2 emissions to zero.

CO2-free conversion of heat sources can be achieved by replacing natural gas, light oil, heavy oil,
etc. used as heat sources with CCU fuels, as discussed in section 3.3.1.3.

It is also important to capture the CO2 emitted after combustion (steam production), unless the
CCU fuel is produced with CO2 by DAC. Alternatively, CO2 can be isolated by CCS.

In Japan, the development of synthetic methane (e-methane) is becoming active, especially in the
gas industry. Methane is produced by synthesizing hydrogen from renewable energy sources and
CO2 recovered from factories, power plants, and in some cases, the atmosphere, in a methanation
reaction. This synthetic methane can be used immediately as an alternative fuel to natural gas as
a heat source in areas of Japan where infrastructure is in place. However, if the CO2 recovered
from a power plant or factory is derived from fossil fuels, it will not become carbon neutral unless
the emitted CO2 is recovered after it is used (burned) as a heat source.

1 For the detail, please refer to anther publication from GJETC ,Topical paper on the potential of waste heat usage in Germany and Japan“ (January
2023)
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As for the electrification of heat using electrothermal conversion technology, it is seen only in small-
scale applications. If it is to be made large scale, there are still major issues to be solved, such as
securing large scale electricity from renewable energy sources.

3.3.1.5 Timelines

With only a limited time until 2050, if we want to ensure the realization of a carbon-neutral society,
we need to make the most effective use of existing technologies and infrastructure while
simultaneously developing innovative technologies. The carbon recycling technology roadmap
announced by METI indicates that research and development will be divided into three phases as
shown in Figure 3-3. Various products can be manufactured from CO2, but products that can
effectively utilize existing technologies and infrastructure will be manufactured in Phase 1 through
technology demonstrations and put to practical use in Phase 2. For example, minerals that do not
require hydrogen (e.g., concrete), bio-jet fuel and polycarbonate, which are already commercialized,
are products developed in Phase 1. In Phase 3, when consumption of these products is expected
to expand significantly, synthetic fuels and chemicals, which take time to develop and spread, will
be put to practical use. However, discussions on the scale of market introduction of raw materials,
fuels, and electricity produced by carbon recycling, necessary costs (cost-effectiveness), and CO2
reduction effects have not been discussed in detail. This is a major issue, as it is also a factor in
corporate management decisions.

Volume of utilized CO, .
1
- Phase 3
Further reduction volume of CO, for the
polycarbonate
i : N Phase 2 | Expected to be highly consumed '
Cost must be reduced to around1/8 -116 \
of current one. | » Attempt to reduce costs of technologies that are M
| expected to spread from 2030 onwards. @ Chemicals
( Concrsts Products (Road curb blacks, em)) \ > Special effort should focus on technologies for large- Polycarbonate, etc.
Cost must be reduced to 1/3 — 1/5 of cument \ volume commoadity, which will be enabled by @ Liquid Fuels
one inexpensive hydrogen supply from 2050 onwards. Biojet fuels, etc.
i Attempts should be made to reach equivalent cost of ® Concrete Products
existing energy and products from 2050 onward. Road curb blocks, etc.
'\ /7
Phase 1 .| Expected to Spread |

» Pursue all potential technologies for ' from 2030
carbon recycling initiatives.

> Special effort should focus on | @ Chemicals
technologies requiring no hydrogen and Palycarbonate, etc. }
producing high-value added materials, ® Liquid Fuels //
both of which shall be expecied to Bio-jet fuel, etc. -
spread from around 2030 onwards. ® Concrete Products
‘\ Road curb blocks, etc.
Hydrogen JPY20/Nm? (cost at delivery site) >
| CO, capture technology Reducing cost Less than %4 of current cost >
Current 2030 From 2050 onwards
Figure 3-3 Roadmap for carbon recycling technologies

(Source: METI, “Roadmap for carbon recycling technologies”, 2019.6)

3.3.1.6 Challenges identified in roadmaps

Technologies for conversion to CO2-free raw materials, electricity, and heat (steam) already exist
in reality and it is scientifically possible to produce them toward carbon neutrality. The Carbon
Recycling Technology Roadmap qualitatively suggests what and when to introduce these
technologies with respect to a time line. If realized, it will bring us much closer to carbon neutrality.
However, there is much uncertainty about the CO2 reduction and cost-effectiveness of introducing
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each technology and CO2-free products. This has caused companies to hesitate to invest. We hope
that these R&D efforts will make a significant contribution to promoting the development of
innovative technologies and improving cost-effectiveness in order to bridge the gap between the
present and the future vision of a carbon-neutral society in 2050.

3.3.1.7 Outlook on discussion beyond the roadmaps

In recent years, major natural disasters have occurred in many countries around the world. Japan
is no exception. The global spread of new coronavirus infections caused a major impact on the
economy and energy. Above all, Russia's invasion of Ukraine has led to a continuing energy crisis
in Japan, Europe, and many other countries, causing energy prices to rise sharply.

Japan has a very low energy self-sufficiency rate, and if supply chains are disrupted due to these
effects, the supply of products from petrochemical manufacturers will be disrupted, and the impact
on the social economy will be very large. Geopolitical considerations of fossil resources (fuels) have
been conducted on various occasions in Japan. Therefore, Japan continues to discuss the correction
of overseas dependence on fossil resources (fuels) and the decentralization of production bases.
The introduction of carbon recycling technology is essential to realize a carbon-neutral society, and
renewable energy is the key to this. In other words, it is quite possible that in the future we will be
forced to import renewable energy (i.e., depend on overseas sources), so geopolitical
considerations regarding renewable energy will also be necessary in the future.

3.3.2 Conclusions on Japanese pathways

Japan is an island nation with a very low energy self-sufficiency rate. Since energy cannot be
exchanged with other countries directly and the domestic pipeline network is not well developed,
it is necessary to build an energy system based on energy imports by shipping in addition to
developing domestic renewable energy sources to the extent possible. Various strategies published
in Japan also describe these ideas as their basic premise.

To reduce CO2 emissions in the chemical industry (petrochemical industry), it is essential to make
raw materials (feedstocks), electricity, and heat (steam) CO2-free. In fact, the energy sources used
in Japan's chemical industry (petrochemical sector) can be broadly classified into petroleum, coal,
natural gas, and electricity. Something must be done about these.

For electricity, it is important to introduce renewable energy sources, but the amount of renewable
energy is not infinite. The stability and amount of electricity generated depends on factors such as
solar radiation, wind conditions, and the amount of water. According to most studies, Japan cannot
meet all its energy needs from renewable energy sources, and in the future it will need to
collaborate with foreign countries (importing renewable energy). This idea is connected to the
development of carbon recycling technology. The use of substitutes for fossil resources (fuels)
manufactured from CO2 (CCU products) will greatly reduce the consumption of fossil resources
(fuels) used for raw materials, electricity, and heat (steam). Furthermore, to become carbon
neutral, it is necessary to capture the CO2 generated after the CCU product is used, burned,
incinerated, or disposed of as waste. Alternatively, CO2 must be captured from the atmosphere
and balanced or sequestration by CCS must be considered.
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However, there is much uncertainty about the CO2 reduction and cost-effectiveness of introducing
each technology and CO2-free products. This has caused companies to hesitate to invest. We hope
that current and planned R&D efforts will make a significant contribution to promoting the
development of innovative technologies and improving cost-effectiveness in order to bridge the
gap between the present and the future vision of a carbon-neutral society in 2050.

We are hopeful that energy systems with carbon recycling will play a major role in bridging the gap
between the future and the present. We also believe that the introduction of carbon recycling is
essential to the realization of a carbon-neutral society, and renewable energy and hydrogen are
key. In doing so, geopolitical considerations regarding renewable energy and diversification of its
supply will also be necessary in the future, because we will be forced to import renewable energy
(dependence on foreign countries) in the future.
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4 Comparison of industrial context and decarbonization
strategies, and key insights

In the overall comparison, we first compare the initial situation of the two countries and then move
on the comparison of the roadmaps and their strategic implications.

Table 4-1 compares the current situation in the chemical industry (petrochemical industry) between
Germany and Japan.

Table 4-1 Comparison of the Current State of the Chemical Industry in Germany and Japan
Similarities and common challenges Differences and specific challenges
Similarities Differences
* Similar size industries * Land connectionsto other countries
= Mid-century net-zero targets * Different infrastructures affects value chains,
* Limited domestic resources —import dependent dependencies, and closeness to world market

* Energy mix to chemical industry
* Gasin Germany
* (CoalandoilinJapan

Common challenges Specific challenges
* Finding ways forward to reach net-zero targets * Germany: Increased gas prices
* High energy prices

The size of the German and Japanese industries is almost the same. And both countries also share
the goal of achieving a carbon neutral society by mid-century. Furthermore, both countries are
very similar in that we both lack domestic energy resources and rely on imports from abroad. Both
countries have experiences with long term contracts for energy supply to hedge against volatile
world market prices, but Germany relied much on Russian oil and gas deliveries and has no
established structures with trade agencies under supervision of the government. In common, both
Germany and Japan are searching for ways to achieve a carbon-neutral society and have yet to find
a solution. Various policy options are discussed such like regulation, carbon pricing including
emission trading, and international cooperation. And we are not sure how to deal with the recent
increase in energy prices.

The critical difference between Germany and Japan is their geographical environment. While
Germany is connected to its neighbours by land and integrated into two physical cross-border
production networks, Japan is an island nation surrounded by the sea. This will have a very
significant impact on infrastructure, the construction of supply chains among companies, and
affinity with the global energy market, which are essential for achieving a stable energy supply. In
Germany, the very large cluster comprising the Rhein-Ruhr area and the two North Sea ports of
Antwerp and Rotterdam form a unique meta-cluster of its own that covers the complete range of
standard polymers and is thus capable to react on the usual market imbalances quite quickly, as
platform chemicals can be easily exchanged via pipeline and plant utilisation rates can be stabilized.
Particularly in the case of Japan, energy supply by pipeline is currently not feasible, so the country
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must rely on energy transport by ship, but the topography of the country also hampers the building
of pipeline interconnections within the country, so the most of Japanese chemical sites are
distributed to several industrial areas without physical interconnections and are more exposed to
the world market. In other words, if Japan wants to be prepared for any contingency, Japan needs

to find a diversity of energy sources.

The two countries also differ in their energy sources in the chemical industry. Germany mainly uses
natural gas when it comes to final energy use and uses oil-products only in the form of by-products,
whereas Japan relies on coal and oil as well as natural gas. Thus, Germany's chemical industry has
been severely impacted by the high prices of natural gas due to the disruption of natural gas from
Russia.

An overview of main similarities and differences in the roadmaps is shown in Table 4-2.

Table 4-2 Comparison of German and Japanese Roadmaps to Achieve a Carbon-Neutral Society
“
® Mid-century net-zero targets ® Roadmaps specificity for petrochemical

® Limited domestic renewable resources industry
compared to demand. (import | | ®  Physical connections to other countries
dependence) »  Germany: Power grid, pipelines
» Importing synthetic fuels and feedstocks. » Japan: No connections. Transport by ship.
® Focus on recycling ® Non-feedstock energy use

»  Germany: Green electricity
» Japan: Range of imported fuels
® Framing
» Germany: Renewable resources to improve
sustainability and supply security

> Japan: Energy security issue and efficiency

Basically, the characteristics of the environment surrounding the chemical industry are directly
reflected in the policies and roadmaps. One is the goal of achieving a carbon neutral society by the
middle of this century. Another is that both countries are poor in their own energy resources. This
means that there is a limit to the supply of renewable energy at competitive prices in the countries
themselves, and in the future it will make sense, or they even will have to, rely on imports of
renewable energy from abroad as well. Importing renewable energy means not so much electricity,
but mainly synthetic fuels and CO2-free raw materials produced by using renewable energy. Both
countries have also investigated strategies for carbon cycling in the form of CO2 reuse (CCU) and
the chemical recycling of plastic waste.

There are also several differences between the roadmaps of Germany and Japan. First, Germany is
connected to its neighbours by land, which allows it to source electricity in a greater geographical
electricity system and market, which allows for more compensation of regional fluctuations in the
supply of renewable electricity. Hydrogen might also be supplied by pipelines from the North Sea
or from countries like Spain or even Morocco. Japan, on the other hand, is an island nation
surrounded by the sea, and therefore has to rely solely on shipping of energy. Therefore, as a

Names of authors as cited (X et al.)| 31



E T -
Roadmaps for climate-neutral petrochemical production systems %0e®

measure to reduce fossil energy consumption (CO2 emissions) in the chemical industry, Germany
is focusing on electrification (but often in hybrid systems to add flexibility to the electricity market),
while Japan is assuming that CO2-free energy will mainly be procured in the form of chemical
energy carriers overseas and imported by ship.

In Germany, energy security may be achieved by its integration into the European energy markets
as well as through diversification of imports of green fuels from overseas, whereas Japan searches
to diversify its imports of clean fuels.

Some main differences can thus be explained by their embeddedness into more general overall
political strategies. The topic of industrial transition is connected to other strategical objectives and
societal developments. This influences the context in which the roadmaps are produced, and
thereby the framing of the roadmaps and its measures. For example, the German Energiewende,
EU strategies, and targets such as the EU Green Deal puts the German roadmaps in a context
focused particularly on complete defossilization and use of renewable resources to improve
sustainability and supply security, with energy efficiency as the second pillar. In the Japanese
roadmaps, the context of challenges with energy security and the efficient use of energy receives a
comparatively greater focus. While the different priorities may shape which strategies are preferred
in the different countries, all issues are part of the discussions in both countries, as they all affect
their respective industries to different degrees. It is also an opportunity to draw inspiration from
the solutions considered in the different context, and thereby find more robust solutions with

greater benefits.
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5 Conclusions and recommendations

In 2021, the GJETC analyzed potential roadmaps and strategies for decarbonizing the steel industry.
The study found that the targets, technologies, and strategies are quite similar in both countries,
showing a large potential for cooperation in development of technologies and markets. Compared
to the steel sector, this study on the petrochemical industries found that the decarbonization
targets are again similar for both countries, but that both the priorities in the technological
roadmaps and strategies for decarbonizing feedstocks and energy supply have some major
differences, and that even at least within Germany, scenario studies show uncertainties about these
priorities. Therefore, cooperation between Germany and Japan may rather need to focus on
learning together and from each other, but also on the development of global supply chains for
clean CO;-based hydrocarbons, which play an important role in the strategies of both countries.

Germany can learn a lot from Japan when it comes to diversifying energy supply on the world
markets. This learning process has already started — even at the government top level with a visit
of the German Chancellor in March 2023 covering this topic. For the future, a liquid world market
for green chemical energy carriers and feedstocks, such as naphtha, methanol, hydrogen, or
ammonia, is in the interest of both countries. While a room for green ammonia is very likely, the
future of hydrocarbon supply to the chemical industry is still open. Many countries still consider
fossil oil as a future feedstock, where supply might be extremely monopolized in the future due to
a very small remaining market. CO2-based hydrocarbons are discussed in both countries, be it as a
fuel or as feedstock. The political incentivization of their use is still not tested at a large scale and
both countries may learn here in regard to the different usage of political instruments.

One interesting question is what kind of green hydrocarbon carrier will be a standard commodity
of the future. Both countries may learn here from each other when it comes to technical studies,
e.g. on methanol-based value chains. Both countries could develop common projects or try to
incentivize market creation. During the introduction period, there is a risk of competing interests.
However, a first project on a Joint Study Agreement to develop a clean ammonia project in the Port
of Corpus Christi in Texas, USA, was launched in February 2023 by the German energy company
RWE, the Japanese Mitsubishi Corp. and the Korean company Lotte Chemical?, showing a potential
room for cooperation with a risk sharing between these three energy import dependent and world
market integrated industrial countries. This is an example of how Germany and Japan could form
coalitions of potential importing and exporting countries, while at the same time developing the
technologies needed for both production and transport of the clean fuels.

Cooperation and mutual learning may also help to accelerate the market introduction of other key
technologies and to fill gaps and uncertainties in timelines. While the Japanese industry has more
technological know-how on industrial heat pumps with high supply temperatures, Japan might
learn from experiences in Germany in the flexible use of technologies, such as heat pumps and
electrode boilers, in highly volatile electricity markets with a high renewable share. Learnings could
be on the technical design level for power-to-heat and their integration into hybrid steam supply
systems, on the operation level for chemical companies and grid operators, but also with regard to

2 https://www.rwe.com/en/press/rwe-supply-and-trading/2023-02-08-rwe-lotte-mc-enter-into-jsa-to-develop-clean-ammonia-project/
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the design of policies, e.g., for the electricity markets or subsidy schemes in order to incentivize an
electrification that helps to stabilize the electricity system.

With regard to research and development on new technologies to produce petrochemicals both
countries can learn from each other. In Germany, biopolymers might have a stronger focus due the
existing potentials in the country, while CO2 based technologies seem to have a greater focus in
Japan.
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Executive Summary

When realizing the planned sustainable energy transition, it is crucial to minimize the consumption
of finite resources and to move away from the dependence of fossil fuels. In this regard a wide
variety of measures - such as energy efficiency, the expansion of renewable energies, or the
increasing integration of energy storage systems - are being developed and promoted. Usually, little
notice is taken of the use of waste heat, which offers enormous advantages for many different
users. Even though waste heat is generated as a by-product in almost all technical processes, it is
often lost without being utilized. This reduces the overall energy efficiency of technical processes,
since a significant part of the thermal energy is wasted, leading to unsustainable processes. Thus,
an improved utilization of waste heat can lead to higher energy efficiency and can at the same
time reduce energy costs.

The use of waste heat is rather simple: Processes or machines generate heat through their
operation. This heat is then released in the form of heated air or warm wastewater and can be used
with the help of a heat exchanger. This technology is also used in heat pumps or ventilation systems
for heat recovery. The heat energy can be extracted from the exhaust air or the wastewater via this
heat exchanger and is transferred to a separate heat circuit. Such waste heat uses and sources as
well as their potential are explained in more detail in Chapter 2 of the present study. Identifying
and utilizing the diverse waste heat potentials will require a holistic analysis of all production
processes as well as the building energy technology for utilization of waste heat from production
processes in other processes or in buildings. More generally, waste heat potentials can be identified
by examining all waste heat sources and each prospective heat consumer. In this regard, the
following criteria must be kept in mind: Temperature level, available heat quantity, continuity of
the waste heat stream, timing of heat supply and heat demand, heat transfer medium, and local
conditions. Beyond the operational optimization of waste heat utilization in the own company or
premise, existing surplus amounts of heat can also be transferred or sold to third parties. Feeding
waste heat into local or district heating networks or to neighboring companies can make a major
contribution to achieving the goal of a climate-neutral building stock and industry.

To fully exploit the identified potentials, several technologies can be utilized. The state of the art
as well as future technological trends are explained in Chapter 3. Important components in waste
heat utilization and distribution are among others heat storage technologies, heat pumps,
absorption / adsorption chillers and thermal electric generators. Next to several options of those
technological standards, Chapter 3 describes crucial materials and components needed for waste
heat utilization as well as whole system technologies.

Furthermore, the present paper provides a condensed overview on the usage of waste heat in
Germany and Japan (see Chapter 4) as well as its potentials, including technological developments
and policy measures in both countries. It gives an outlook on the contribution of this energy source
to a sustainable energy supply for industry, public institutions and communities. Regarding the
existing infrastructure, for example for use of waste heat by third parties, Germany mainly holds
district heating grids, which is only common in the very Northern part in Japan. On the other hand,
Japan already has longer experience in the construction and operation of cooling systems, highly
efficient heat pumps and Thermoelectric Generators, just to name a few.

Kawamura, Beck, et al.| 9
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In both countries, Germany as well as Japan, various subsidy programs to support the use of waste
heat have been launched. An exchange of experiences on the effects of the subsidy programs would
be desirable here. However, large-scale "waste heat markets" do not yet exist in both countries;
in contrast to the electricity market, there is no free market for heat, including waste heat. Political
action is needed on both sides to support the creation of a “waste heat market”, potentially as a
part of a wider sustainable heat market.

Several German-Japanese workshops and bilateral exchanges such as the GJETC have identified a
whole range of potential areas of cooperation that can subsequently be further developed in
collaborative projects, for instance: Optimization of thermoelectric generators, increasing
efficiency and demonstrating possible applications for industrial heat pumps such as in the food
industry, use of waste heat from data centers, use of waste heat from waste water, concepts for
(municipal) heat networks, or methods for developing waste heat registers and local heat planning.
Learnings can be derived by looking at best practice examples from both countries. Japan for
instance possesses a wide knowledge on municipal waste incineration, through which heat is
generated and supplied for heating and hot water. Those incinerators can be found in municipalities
such as Hikarigaoka or Shinagawa. An example for best practices in Germany can be found at the
Neckarpark in Stuttgart, where heat from a sewage system is used for supplying heating and hot
water for a quarter in Stuttgart. More best practice examples from Japan and Germany are listed
in Chapter 4.4.

Regarding technologies, a cooperation between German and Japanese research institutes and heat
pump manufacturers for the further development and use of heat pumps (also in the high-
temperature range of 120°C and more) and users would make sense. One technological
cooperation that has already started, taking thermoelectric generators into account. This
cooperation between a Japanese company and a German research institute has already been
established as a follow-up to the German-Japanese workshop "Industrial Waste Heat Usage -
German-Japanese Expert Workshop 2021". This shows, that an intensified bilateral exchange
regarding technologies and systemic concepts, but also policies, could enable further synergy
effects for industry, research and policy for both countries.

10 | Kawamura, Beck, et al.
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Introduction

In order to realize a sustainable energy transition, energy efficiency is one important part of the
puzzle. Energy efficiency makes the transition to renewables sustainable and affordable, and it
makes economic sense. Most actions to reduce demand are cost effective and cheaper than
investments in new energy supply.

The utilization of waste heat is a possibility of saving energy which had been neglected in the past.
In Germany, heat demand for space and process heating is responsible for around one-third of CO;
emissions in Germany (AGFW, 2020). To achieve the German government's climate protection
targets and make the heating sector climate-neutral by 2045, the considerable waste heat potential
in industry, commerce, services and trade must be harnessed. Even though waste heat is generated
as a by-product in almost all technical processes, it is often lost without being utilized. This reduces
the overall energy efficiency of technical processes. Thus, an improved utilization of waste heat can
lead to higher energy efficiency and can at the same time reduce energy costs.

The usable potential is enormous. In Germany, for example, around 50 % of process heat in industry
alone is still emitted as waste heat instead of being used for a secondary heating purpose (Deller,
2022). However, there is largely untapped potential not only in industry but also in other areas,
such as waste heat from data centers or municipal sewage systems. Low-temperature sources, such
as cooling circuits and exhaust air, are also increasingly becoming the focus of potential
identification and development. Processes that currently generate waste heat are being converted
with a view to increasing efficiency, changing energy sources from fossil fuels to renewables, and
using waste heat within the company or between factories, either directly or, for example, by using
heat pumps.

In order to find sustainable solutions, it is crucial to find out which waste heat sources are
potentially useful and available in the long term. Therefore, when identifying and quantifying
potential, the future perspective must always be considered.

The present paper provides a condensed overview on the potential and usage of waste heat in
Germany and Japan, on technology developments, and on policy measures in both countries.
Further, it gives an outlook on the contribution of this energy source to a sustainable energy supply
for industry, public institutions and communities.

In Chapter 2, general overviews of potential waste heat uses, available heat sources/heat sinks and
their temperature level, and methods for identification of potentials and examples are given.

Chapter 3 informs on the technology for using waste heat: state of the art and future trends for the
main technologies and components for the use of waste heat, such as heat storage systems, heat
pumps, chillers, electricity generators, and system technologies.

Afterwards an overview on waste heat usage in practice is given separately for Japan and Germany
in Chapter 4. This includes the current state of usage and the potential for expanding it, policy
measures to overcome barriers for waste heat utilisation, and finally best practice examples.

Finally in the conclusion (chapter 5), suggestions for priority research fields for German-Japanese
cooperation are provided.
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2

2.1

Waste heat sources and uses

Identifying and utilizing the diverse waste heat potentials usually requires a holistic analysis of all
production processes as well as the energy technology for utilization of waste heat from production
processes.

Beyond the operational optimization of waste heat utilization in the own company or premise,
existing surplus amounts of heat can also be transferred or sold to third parties. Due to high
transaction costs in project preparation and the coordination of involved actors, only a few projects
of this type have been implemented in the past. However, feeding waste heat into local or district
heating networks or to neighboring companies can make a major contribution to achieving the goal
of a climate-neutral building stock and industry.

Basically, a distinction is made between internal and external waste heat utilization. Internal
utilization is in the own company or premise, while external waste heat utilization refers to third
parties.

Internal waste heat prevention and utilization:

a) Reduction of the occurrence of waste heat through e.g. thermal insulation, or process

optimization.

b) Reintegration of waste heat into the same process (heat recovery, e.g., through combustion air
preheating or preheating and/or drying of the starting materials)

c) Use of the waste heat outside of the process of its origin at the highest possible temperature
level (integration into other processes or space heating/hot water or steam preparation)

d) Transformation into other useful energy forms (electrical energy, air conditioning/cooling)
External waste heat utilization:

Transfer of waste heat that cannot be used internally to third parties (e.g., to neighboring
companies or for heating adjacent residential or business premises)

Heat sources/heat sinks and their temperature level

The following figure shows typical sources of waste heat in the manufacturing sector and typical
temperature levels for these.

12 | Kawamura, Beck, et al.
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Waste Heat Sources °C

Process exhaust air i
30to 90 % of the waste heat can be used for preheating fresh 350-R00°C
Waste gases from

air and/or for heating or process heat generation combustion and
heating processes

Refrigeration plants/cooling systems
35 to 95 % of the waste heat can be used for heating or
process heat generation

Compressed air generation
Up to 90% of the electrical drive power of air compressors
can be used for heating and service water heating

Ventilation and air-conditioning systems
35 to 90% of the exhaust air heat can be recovered to
. 100 - 150°C
preheat the fresh air

Steam from steam
generation systems

40 -90°C

Process plants, drying
plants, compressed air
generation plants,
refrigeration plants,
warm waste water/
cooling water

20-40°C
Ventilation and air-
conditioning systems

Fig. 1 Typification of waste heat sources (DENA, 2015)

A heat sink is the part of a system where it transfers energy to an adjacent system. In other words,
heat is lost from the system at the heat sink, which is why heat sinks used to be generally referred
to as "heat losses". It is initially irrelevant whether the release of heat is desired or undesired.

Desirable heat sinks are found in both heating and cooling systems. In the heating system, for
example, the radiator is referred to as a heat sink because it is here that the heating system releases
heat energy into the room air. However, the heat exchanger through which a heat pump is supplied
with heat is also a heat sink, because the respective heat source (heat transfer medium/working
medium) releases heat (to the downstream heat network) there.

In addition, the term heat sink is occasionally used with reference to a larger system that uses the
heat, such as a heating network. In this context, the individual consumers of the heat provided can
also be referred to as heat sinks.

The temperature level of heat sinks can be very different and can often be influenced. For example,
in the heating sector, flow temperatures of around 35 °C are sufficient for low-temperature heating
systems such as underfloor or wall heating, while systems with radiators typically require flow
temperatures of between 50 °C and 60 °C at maximum heat demand on cold days. In conventional
heating networks, the flow temperature is approximately between 60 and 90°C. In the industrial
sector, much higher temperatures are also required.
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2.2 Methods for identification of potentials and examples

The use of a waste heat register brings together suppliers and users of waste heat; if necessary, it
can also be implemented in connection with a so-called "waste heat information exchange".
Companies can report their waste heat potential there and potential users such as housing
associations, energy suppliers or other commercial enterprises can research waste heat sources

and sinks and obtain information on waste heat utilization.

Interest of the companies
in heat cooperation

m interested in heat purchase
(90 companies)

Schal

» Sghleiden @ interested in heat supply
(213 companies)

A undecided (166 companies)

not interested (86 companies)

Fig. 2 Result of surveys of more than 1,850 companies (with a response rate of almost 30 percent) in the federal
state of North Rhine-Westphalia on waste heat potential and interest in waste heat cooperation
or external waste heat utilization. (Landesamt fiir Natur, Umwelt und Verbraucherschutz (LANUV)
Nordrhein-Westfalen, 2019)

Methodology for the preparation of waste heat cadastres:

The top-down method uses available nationwide statistical data on energy consumption in industry
to determine a theoretical amount of waste heat, which is then broken down to the county or
municipality level. This breakdown can be based on employee or sales figures, for example. The
sole use of statistical data eliminates the need to survey participating companies, thus enabling

rapid processing.
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The statistical basis for the waste heat potential in Germany can be the study "Abwarmenutzung -
Potentiale, Hemmnisse und Umsetzungsvorschlage" (Waste Heat Utilization - Potentials, Barriers
and Implementation Proposals), which was prepared by IZES gGmbH (Grote et al., 2015) on behalf
of the Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety in
2015. In addition to an overview of the technologies, this study also provides the status of current
publications in Germany and at the international level. In addition, an estimate of the potential can
be made based on data from the Federal Statistical Office (energy consumption per industry and
industry data).

This is opposed by the bottom-up method. For this variant, a significantly higher effort is required.
Here, the specific data for each company must be recorded and processed by means of surveys,
such as in the example in figure 2-2. The appointments required for this survey with subsequent
visits to the companies mean that long-term planning is necessary. In addition, experts must be
consulted for the data collection and, above all, the subsequent evaluation. Each company has
different processes and, consequently, boundary conditions that need to be considered in a
differentiated manner and can only be correctly assessed and evaluated with background
knowledge.

Against the background of increasing energy efficiency, the data obtained can also be used to
investigate whether and how individual companies in selected industrial and commercial areas can
join forces. In addition to the focus on industrial waste heat utilization, this will also provide a basis
for establishing a joint infrastructure (local heating networks) for the industrial and municipal
sectors.

Criteria for assessing waste heat potentials

To identify waste heat potentials, an examination of each waste heat source and each potential
heat consumer should be carried out regarding following criteria:

e Temperature level: the higher, the easier it is to utilize the waste heat.

¢ Available heat quantity: It will support cost-effectiveness, if the available quantity is in the same
order of magnitude as the demand on the utilization side.

¢ Continuity of the waste heat stream: This has a positive effect on the economic efficiency of
waste heat utilization.

¢ Timing of heat supply and heat demand: Simultaneous occurrence simplifies waste heat
utilization.

¢ Heat transfer medium: Medium-bound waste heat, such as exhaust air streams or cooling
liquids, can be used much more easily than diffuse waste heat, which must first be collected and
removed for further use.

¢ Local conditions: If possible, avoid transport losses and check the space availability for the
installation of storage technologies, for example.

Kawamura, Beck, et al.| 15
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3

Technology: state of the art and future trends

E T

The use of waste heat is rather simple: Processes or machines generate heat through their

operation. This heat is then released in the form of heated air or warm wastewater and can be used

with the help of a heat exchanger. This technology is also used in heat pumps or ventilation systems

for heat recovery. The heat energy can be extracted from the exhaust air or the wastewater via this

heat exchanger and is transferred to a separate heat circuit.

Depending on the temperature range in which the waste heat occurs and the intended use, the

following technologies (which are described in the following chapters) may be considered for waste

heat utilization:

Temperature

range

High (> 350°C)

Medium
(80 to 350°C)

Low (< 80°C)

Electricity
generation

Steam turbine,
Stirling engines,
thermoelectric
systems; heat
storage systems

Organic Rankine
Cycle (ORC),
thermoelectric
systems; heat
storage systems

Intended use

Production at
different
temperatures

Extraction of higher
temperature waste
heat from power
generation; heat
storage systems

Extraction of
medium
temperature waste
heat from power
generation; heat
storage systems

Heat pumps;
preheating; heat
storage systems

Space or water
heating

Local and district
heating; Extraction
of lower
temperature waste
heat from power
generation; heat
storage systems

Heat pumps; space
heating, domestic
water heating;
return temperature
boosting; heat
storage systems

Cooling

Absorption chiller

Adsorption
refrigeration

Tab. 1 Waste heat — appropriate technologies depending on intended use and temperature range (based on
C.A.R.M.E.N. eV, 2020)
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3.1 Heat storage

Waste heat streams may vary with time, as may the demand for their utilization, and they may not
directly match in time. Therefore, heat storage is an important component in waste heat utilization
and distribution. While for the use of waste heat in internal processes, the necessary storage time
is usually only hours or days, it is particularly interesting for heating buildings to use large storage
tanks, which can provide the energy required for several days, weeks, or even months. Heat
accumulators can be classified according to the time period over which the generated thermal
energy is to be stored. These include, for example, buffer, short-term or long-term storage. On the
other hand, heat accumulators are divided into sensible, latent or thermodynamic storage units
according to their basic operating principle.

Buffer storage

In the form of large water tanks with varying capacities, they store heat on an hourly or daily basis.
Especially in the industrial sector, buffer tanks are used to better match fluctuating waste heat
supply and heat demand on the user side, e.g. in combination with heat recovery systems and/or
heat pumps.

Short-term storage

With a storage period of up to two days, this type of heat storage is mainly used with wood boilers,
solar or domestic hot water storage systems to balance heat supply and demand. It is also useful in
industrial applications to use waste heat in cyclic processes and applications, and thereby to recover
waste heat that would otherwise be lost.

Long-term storage

Long-term storage, also called seasonal storage, can store heat for weeks or months and is suitable,
for example, to bridge the transition from the warm to the cold season. In addition to using heat
from renewable energy sources, they are thus also well suited for storing waste heat. The imbalance
between heat supply and demand is thus minimized.

Sensible heat storage

These storage systems use the so-called sensible or tangible heat of liquid or solid storage media
such as water, magnesite, concrete, or earth. Energy is absorbed and released by changing the
temperature of the storage medium. While heat is supplied to a storage medium during the layering
process, which then increases its temperature, the medium releases the stored thermal energy
again during discharge, which can then be used for heating, among other things. Examples of
applications are hot water or steam storage as well as gravel water or geothermal probe heat
storage.

Latent heat storage

This type of storage makes use of the change in aggregate state, from solid to liquid or vice versa.
The storage units are filled with PCM (Phase Change Material). When a storage medium changes
its aggregate state from solid to liquid, it absorbs heat. The latent heat remains bound in the
material and can be released and made usable again at a later time by physical action. Latent heat
storage entails a higher cost than sensible heat storage, but the corresponding benefits are a much
higher storage capacity per volume and a stable temperature of the heat released. Salt hydrates or
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3.2

3.2.1

kerosenes are suitable for heat storage, while water or aqueous salt solutions are suitable for cold
storage. An example of latent heat storage is ice storage, which uses crystallization energy - the
energy released when water freezes. Latent heat storage systems are also attractive when mobile
systems are to be used for heat transport because of too great distances to the user of the waste
heat or too low heat flows, so that installation of a pipe connection is not cost-effective.

Thermodynamic storage

Thermodynamic reservoirs are reversible systems, which can be divided into sorption reservoirs
and reservoirs with reversible chemical bonds. While the latter are still largely in the research and
development stage, the former are mostly used in the form of adsorption storage systems with
water as the working medium. Such a storage system works as follows: Air at a high temperature is
supplied to the solid storage medium. This causes the water contained in the storage medium to
vaporize, and the resulting steam is extracted. This vapor is liquefied again in a condenser, and the
water remains there. During discharge (adsorption), the water evaporates again due to the supply
of heat. This vapor accumulates on the sorption material (usually substances with large internal
surface area and hygroscopic properties such as zeolites or silica gels), releasing energy and heating
the air.

Thermochemical heat accumulators

At present, various research projects are being carried out on thermochemical heat accumulators
(TCES). One example is a process in which boric acid is converted into boric oxide and water by
adding heat. During the back reaction, the heat is released again. According to the Vienna University
of Technology, this process, which has a high energy density, is ideally suited to the use of waste
heat from industrial plants, which can be stored in an environmentally friendly manner for a
virtually unlimited period of time (SAENA GmbH , 2016).

Heat pumps

General information

If the temperature level of the waste heat is not sufficient for direct use, heat pumps can be used.
In this case, the waste heat is raised from a low to a higher temperature level with the aid of
supplied drive energy and thus made usable for other purposes.

In a heat pump, heat is extracted from the waste heat source. In Germany, the achievable
temperatures of compression and absorption heat pumps are specified as 65 °C, and up to 90 °C
for special solutions of compression heat pumps.

The differences between heat pumps are primarily in the place of heat generation and the medium
of heat transfer. In addition to the four "standard" heat pumps named below, a further distinction
is made on the basis of the heat pump's drive. Each heat pump uses a coolant that is evaporated
and recompressed in the cycle to generate heating energy (exception: air-to-air heat pump).

¢ Air-to-air heat pump: for example, waste heat from the ventilation system is used to heat the
building.

¢ Air-to-water heat pump: for example, heat is extracted from the ambient air to heat a building

via a water-based heating system.
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¢ Brine-water heat pump: Heat from the ground is used to heat the building via a water-based
heating system.

o Water-to-water heat pump: Heat is extracted from a water reservoir to heat a building or

process.

Except for the brine-water system, the other three processes can also be used for waste heat
utilization. The air or water source feeding the heat pump could carry the waste heat stream, and
the higher temperature heat emerging from the heat pump could be used either in a production
process or to heat buildings.

In sorption heat pumps, the drive energy is supplied in the form of heat (principle of thermal
compression) - instead of electricity as in compression heat pumps.

Currently in R&D projects, a temperature range of up to 160 °C was achieved through the
development of suitable refrigerants. For absorption heat pumps, on the other hand, a temperature
of up to 300 °C is considered feasible. Absorption and adsorption heat pumps are mainly used for
waste heat recovery in the industrial sector (DENA Broschiire Abwarmenutzung, 2015; DryFiciency,

2021).
Compressor
adaption to high temperatures applications
Viking Heat Engines AS Lubricant by
Piston compressor Providing sufficien
Bitzer Kohlmaschinenbau GmbH o -
Screw compressor —N—-
\
|
' | up t0 160°C (| about 80°C
= - =0 =
Condenser Heat supply for l I i t -
<_T’ bndustie ying T ndustrial heat source Evaporator
) = 4
2 —
Wienerberger AG & Agrana Starke GmbH
R o
- -
OpteonMZ as refrigerant by Chemours Expansion valve

non flammable, non explosive,

non toxic, low GWP %® @ @

Source: Dryficiency project  APA AUSTRAGSGRASIX

Fig. 3 Example of a high temperature heat pump. (Source: DryFiciency Project, 2021)

A heat pump heating system consists of three parts: the heat source system, which extracts the
required energy from the environment; the actual heat pump, which harnesses the extracted
environmental heat; and the heat distribution and storage system, which distributes or temporarily
stores the thermal energy in the house or, as process heat, for industrial applications.

As a measure of the efficiency of a heat pump, the so-called COP value, or "coefficient of
performance"”, indicates the ratio of the heat generated by the heat pump to the drive energy
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(electricity) required for this. Thus, the COP depends on several parameters in the heating system
— the efficiency of the heat pump itself, the flow temperature of the heating system and the
temperature of the environmental energy.

3.2.2 Industrial and domestic heat pumps

Today, more than 1 million heat pumps are already in use in Germany (even though only few of
them are used for waste heat utilization), and the trend is rising thanks to extensive subsidies
(Bundesverband Warmepumpe, 2022). The classic application in Germany / Central Europe lies in
the field of heating technology, but the use of heat pumps in industry is also showing an upward
trend.

3.2.3 High temperature heat pumps

A high-temperature heat pump raises the temperatures of the environmental heat sources to a
particularly high level. While conventional systems barely get above a flow temperature of 65°C,
high-temperature systems achieve values of 80 to 100°C or even above.

Industrial Heating — Sources and needs

Sources Heat Pump Applications

Distillation
Alr Pasteurisation

Tl Expansion Commercial
‘ ~ Ground District HVAC
heating Process
E : Water B : heating
Sanitation Bottle >
Process cooling/heating Food warming

production
Pharmaceutical

Process waste Desalination
Evaporation Condensation
; y Air curtains
Turbine, oil cooling P
(77 ] Humidity E(i:’n;) o
g eati
Sofar heating L4/ control reheat Scalding
Condensing ) Refineries ;
Compression Boiler preheat
Upto70° C

Fig. 4 Industrial heat pumps, heat sources and applications (Source: European Heat Pump Association EHPA, 2021)

While heat pumps provide temperatures of up to approx. 70°C in most cases to cover heating
requirements, this temperature range is now being extended to up to 160°C. This results in a wide
range of possible applications for the heat pump.
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3.2.4 Different system variants for the utilization of heat pumps

3.3

Cascading

Cascading (interconnection) of heat pumps is nowadays often used for larger heat pump systems
in order to match the output to the respective heating demand. This is because while today's heat
pumps in the smaller output range have appropriate compressor technology (inverter compressors
or modulating heat pumps) to adjust the heating output according to demand, the heat pump
output can no longer be adjusted via the compressor alone in the case of larger fluctuations in
demand. Cascade connection and extensive capacity modulation increase the annual performance
factor and thus improve the economic efficiency of a cascade system compared to hybrid heat
pumps.

The use of heat pump cascades is especially possible and sensible where
¢ large heating capacities are required,

¢ the heating, hot water and cooling requirements fluctuate greatly or have to be covered in
parallel,

¢ even large heat pumps reach their performance limits.
Combining heat pumps with renewable energy systems

Another popular form of heat pump operation is the combination of renewable energy systems
such as PV plants and heat pumps. This is especially used for providing heat for buildings.

Operating costs of heat pumps as well as CO, emissions can be significantly reduced by using the
self-produced solar power. The use of solar electricity is all the more economical because it is now
increasingly sensible to use the electrical energy produced by photovoltaics oneself instead of
feeding it into the grid. At the same time, more self-use increases the economic efficiency of the
photovoltaic system.

Absorption and Adsorption Chillers

An absorption chiller is a refrigeration system that uses thermal compression to raise thermal
energy to a higher temperature level. It can be used for cooling or heating (heat pump) buildings as
well as processes and is considered particularly energy-efficient. One reason for this is the fact that
the electricity requirement is more than 90 percent lower than that of conventional systems. The
energy required to increase the pressure and temperature of refrigerants can also be provided in
part from renewable sources or from waste heat.

While the refrigerant is absorbed by a liquid solution during absorption, it attaches to a solid during
adsorption. An example of this is the zeolite heat pump, an adsorption refrigeration machine in
which vaporous refrigerant accumulates on the surface of a porous rock. The pressure and
temperature increase here also takes place with heat that comes, for example, from a waste heat
stream or a biomass heating system.

Like absorption chillers, also adsorption chillers are thermally driven refrigeration systems. They
consist of two working chambers filled with sorbent as well as a condenser and an evaporator. Silica
gel is used as the sorbent and water as the refrigerant.
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Fig. 5 Principle diagram adsorption chiller system. Source: “KWKK Informationsseite zu Kraft-Wdrme-Kdlte-

3.4

Kopplung”, (BHKW Infozentrum, 2022)

Two processes take place simultaneously. One is the evaporation of the refrigerant and adsorption
of the resulting refrigerant vapor by the adsorbent. On the other hand, the desorption of the
refrigerant bound in the adsorbent and subsequently the condensation of the resulting vapor. Since
it is necessary to switch cyclically between two adsorber beds, only a quasi-continuous process can
be realized with adsorption chillers. Water-silica gel adsorption chillers are particularly suitable for
district heating and solar thermal applications, since they can still utilize drive temperatures of 60°
C. The low COP (approx. 0.4), the high investment costs and the large weight and construction
volume make it difficult to use adsorption chillers and usually make them uneconomical. In
addition, the maximum permissible cooling of the heating water is a AT of 13 K, but only 5 - 6 K at
low temperatures.

Thermal electric generators (TEGSs)

Thermoelectric generators can convert waste heat into electricity. A TEG consists of heat
exchangers for hot and cold media and thermoelectric modules in between. Despite the still
comparatively low efficiency of TEMs, TEGs offer advantages over other power generation
technologies. The passive components have no moving parts, are virtually maintenance-free and
can be integrated into existing systems thanks to their compactness.
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Currently, compared to other techniques (like ORC and SRC) the payback period of TE
(Thermoelectric) technology is still one of the highest. Depending on the waste heat source,
individual TEG waste heat recovery systems must be designed and thus the costs are increased. So
in the future the production costs of TEG have to be significantly reduced by a couple of measures
e.g.

¢ Advanced TE materials

¢ New concepts for mass production of TE materials as well as lower-cost TEG manufacturing

¢ Automated fabrication techniques for mass production of complete TE systems

Under these conditions, TE systems currently may have better chances for producing electric power
from smaller waste heat sources (lower temperatures or waste heat flows), which are not usable
for ORC and SRC and for smaller applications like power supply of sensors at movable

plants/processes.

In addition to power generation from waste heat, TEMs can also be used where cooling is required
with little temperature difference or no requirements for economy.

Other technologies for producing electricity from waste heat: ORC-, Kalina-
and Stirling-process

Thermal power engines: Other technologies available for generating electricity from waste heat
are for example, the steam turbine, the Kalina process, the ORC process, and the Stirling engine. All
these processes operate with an external heat source and therefore are suitable for the use of
waste heat. Which technology can be used most advantageously is mainly determined by the
temperature level of the waste heat.
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Application

Technology

Organic
Rankine
Circle
(ORC)

Kalina
process

Steam
turbine

Stirling
process

Working media

for each upper
temperature level
there is another
optimal working
medium:

e.g.

R600a (isobutene),
R143a (trifluoro-
1,1,1-ethane)
(Fischer et al., 2007)

principally a modified
Rankine cycle, which
utilizes the mixture of
two different
working fluids (water
and ammonia).

Water (Steam)

Among others:
Helium,

Hydrogen,
Nitrogen
Air

Efficiency

approx. 17-20%
(Fischer et al., 2017)

can improve power
plant efficiency by 10%
to 50% over the
Rankine Cycle
depending on the
application (Kalina
Power, 2015)

Up to approx. 45%,
depending on steam
temperature and
pressure (Paschotta,
2021)

Approx. 10 to 35%,
depending on type,
temperature and
pressure of working
medium (gas) (Infinia
Corp, 2006)

temperature

High-temperature
reservoir

J L QOin
ol
4 L~ 1
Evaporator
approx 80- Drum Turbine C War
3500(: (GrUbe Condenser ‘
etal., 2017) ’ ™\ 2

{7 Qo

Low-temperature
reservoir

(Wanget al., 2017)

approx. 60-
200°C (Elsayed
et al,, 2013)

up to approx.
600 °C

up to approx.
800°C

Tab. 2 Examples of thermal power processes available for generating electricity from waste heat

3.6 Heat exchangers

Heat exchangers have the task of transferring heat from a warm medium to a colder one. In the

process, both media are directed past a heat transfer surface to and from which the heat is

transferred.

There are many forms of heat exchangers for the utilization of waste heat:
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Power class application
Technology application (thermal) temperature

up to 300 °C
(650 °C in the high
temperature range)

Rotary heat air (gas) / air up to 1,600
exchanger (gas) kW

Heat pipe heat air (gas) / air 3W-3kw

exchanger (gas) (e b e P AHORE

cowper air (gas) / air

(recuperator) (gas) <140 MW up to 1,300 °C

Finned tube air (gas) /

heat exchanger fluid 5-1,000 kw up to 400 °C

Spiral heat fluid/fluid;
P air (gas) / 20-800 kW 100-450 °C
exchanger fluid

Plate-fin heat air (gas)

exchanger fluid up to 900 °C

up to 150 °C
fluid/fluid 2-400,000 kW (900°C  for  welded
plate heat exchangers)

Plate heat
exchanger

Shell and tube
bundle heat fluid/fluid 2-20,000 kW up to 300 °C
exchanger

Double-tube
heat exchanger
(shell and tube
heat exchanger)

fluid/fluid 1-3,500 kW up to 200 °C

Tab. 3 Overview: types of heat exchangers. (Source: brochure “Technologien der Abwédrmenutzung” Sdchsische
Energieagentur - SAENA GmbH, 2016)
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3.7 Materials and components
Heat storage system with Phase Change Materials (PCM):

Latent heat storage systems function by exploiting the enthalpy of thermodynamic changes in the
state of a storage medium. The most commonly used principle is the utilization of the solid-liquid
phase transition and vice versa (solidification-melting) (phase-change materials - PCM). When
charging the contents of commercial latent heat storage systems, special salts or kerosenes are
usually melted as the storage medium, absorbing a great deal of energy (heat of fusion) in the
process, such as dipotassium hydrogen phosphate hexahydrate. Discharge takes place during
solidification, with the storage medium releasing the previously absorbed large amount of heat
back into the environment as solidification heat.

There are now many PCMs on the market in Germany in the temperature range -30 to 100°C. At
temperatures up to 0 °C, water and aqueous salt solutions are used; in the range 5 to about 150°C,
kerosenes, fatty acids, salt hydrates and their mixtures are mainly used, and for some years now
sugar alcohols. Above about 150 °C, salts and their mixtures can be used (Sonne Wind & Warme,
2008).

Materials for heat exchangers:

Corrosive components in the waste heat stream influence the lifetime and material selection for
heat exchangers. To avoid the failure of aggressive condensate in gas heat exchangers, plants are
designed so that the outlet temperatures are above the dew points of the corrosive components
of the waste heat stream. As a result, the minimum exhaust gas temperatures vary with the
composition of the fuels or due to process-related components in the exhaust gas. For example,
the minimum exhaust gas temperature for the use of natural gas is given as 120°C, while
temperatures of 150 to 175°C are given for the use of sulfur-containing oils and coal. As a result of
process-related sulfur contents in the exhaust gas stream of glass melting furnaces, the minimum
exhaust gas temperatures there reach 270 °C (cf. U.S. DOE, 2008). In addition, depending on the
composition of a heat stream, deposits and biofilms can form that can degrade heat transfer in heat
exchangers, reduce flow, and cause heat exchanger failure. (Hirzel et al., 2013)

3.8 System technologies

3.8.1 Heating networks
Feed-in of waste heat into existing heating networks:

Priority is given to avoidance and internal use. Feeding waste heat into a heating network can be
an interesting option, but some conditions must be considered:

¢ Alarge part of the waste heat does not occur continuously.

¢ Waste heat can often only be used as an additional heat source. If the industrial process is
changed over, the waste heat may no longer be available.

¢ Asuitable contractual arrangement must be made between the industrial plant and the external
heat user.

¢ The industrial plant and the heat user enter a long-term commitment to each other.
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¢ The extraction and feed-in of heat is usually associated with high investments.
¢ The sale of heat may not be considered the core business of the heat supplier.

e Larger heat storage capacities may be required to couple supply and demand because of the
difference of timing.

Low-temperature district heat network technology

The heat networks currently used for local or district heating generally require flow temperatures
of 70 to more than 100°C. When waste heat is fed into these networks, the existing temperature
level of the waste heat must of course be adapted to the flow temperature of the heat networks.
This is made possible, for example, with the aid of heat pumps.

However, a heat supply can already succeed with low temperatures between 5 and 35 degrees
Celsius; especially in densely built-up new construction areas or, for example, in energy-refurbished
urban quarters. These buildings have a low heating requirement and need low flow temperatures.
Suitable for cold local heating. The cold heat networks are - physically correct - called anergy
networks. A mixture of water and glycol (brine) usually flows through the pipe system to protect
against frost damage.

Due to the low temperatures in the network, the difference to the temperature in the ground is
also only slight. This means that there are only minor losses in the pipe network and there is no
need for often cost-intensive insulation of the network's piping, because ideally the network
absorbs the ambient heat directly. However, due to the small temperature difference between the
supply and return temperatures and the overall low temperature level, large flow rates, larger
pipelines and a higher power requirement for the pumps are needed. In principle, reverse operation
is also possible with these networks in order to realize the cooling of buildings. This will become
more and more important as temperatures rise in the future.

In order to be supplied via these low temperature networks, the houses must have a decentralized
heat pump, as the operating temperatures are not sufficient for the production of hot water and
heating. In addition, the waste heat generated in this process can be fed back into the heating
network. In this way, the users are not only customers, but can also act as prosumers. Depending
on the circumstances, they can consume or produce heat or cold (Verbraucherzentrale Schleswig-
Holstein, 2021).

3.8.2 Systems for heat recovery and storage for the industry

Waste heat, especially from industrial processes, offers great untapped potential for energy
efficiency and is therefore increasingly becoming the focus of efficiency planning. For example, heat
recovery from heated building air can save 20-30 percent in space heating costs, and waste heat
recovery from industrial processes can even generate more heat than is needed for space heating.

3.8.3 Waste heat in trade and commerce:

Just as in service- or office buildings, it can be worthwhile to use the waste heat from a workshop
or production hall: In summer, the heat that is lost can be used to heat water, and in winter it can
additionally support the heating system. Depending on the building and the company, an
investment in heat recovery can pay for itself within a few years.
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The cost-effectiveness of waste heat recovery in industrial or commercial operations primarily
depends on the following factors:

e Room size
* Processes in the company

e Heating system
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Overview on Waste Heat Usage in Germany and Japan

This Chapter gives an overview on waste heat usage in practice, separately for Japan and Germany.
This includes the current state of usage and the potential for expanding it, policy measures to
overcome barriers for waste heat utilization, and finally best practice examples.

Current state of Waste Heat Usage

This chapter mainly covers information on external use of waste heat, as in most cases only data
for external use of waste heat are available, since most of the Japanese and German companies do
not publish data about their internal heat fluxes. Although internal use of waste is already common
in many factories in Japan and Germany, it was not possible to obtain meaningful data for Japan
and Germany.

Japan
Power plants

The power industry discharges a large amount of waste heat with relatively low-temperature. The
latest gas turbine combined cycle power plants are able to utilize about 60% of the heat in the
entire power plant through the reuse of waste heat from gas turbine and the use of high-efficiency
equipment. However, the amount of the remaining 40% of waste heat, which is relatively low
temperature, is enormous. On the other hand, the City Planning Act regulates to separate the
residential area and industrial area. Therefore, it is difficult to locate non-factory heat consumers,
which potentially have a demand for relatively low temperature heat, near power plants. Therefore,
creation of heat demand in areas adjacent to the power plants and development of technologies
to utilize low-temperature waste heat are needed.

Municipal waste incinerators

Since Japan has little potential landfill site for waste, the volume of waste has long been reduced
by incineration and then disposed of in landfills. It is said that more than half of the world's
incinerators are located in Japan. The status of the facilities as of FY2020 is as follows:

Total amount of municipal waste: 42 million tons (per person per day: 901 g)
Number of municipal waste incinerators: 1,056 facilities
Rate of facilities with power generation: 36.6%

Total electric power generated: 10,153 GWh

4.1.2 Germany

The use of industrial waste heat offers outstanding energy potential for companies in Germany. For
example, German industry uses approx. 1,900 Petajoules of energy input for process heat, or
approx. 530 Terawatt hours of energy to generate heat for production and manufacturing
processes. However, about 50 % of this is lost as unused waste heat (BMWK, 2021).

At present, however, there are still no comprehensive statistical surveys on current waste heat
utilization in Germany. One of the reasons for this is that the temperature levels of the waste heat
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4.2

4.2.1

sources and the types of use (internally in the company, externally e.g. via heat networks etc.) are
very different.

More concrete data were available on the feed-in of waste heat into heat networks. In 2018, for
example, the share of waste heat from industrial processes in the heat grid feed-in was 1.7%. A
survey by the Federal Statistical Office shows that 2,383 GWh of the heat network input in Germany
in 2018 was provided by external purchases from industry, which can be assumed to be the use of
industrial waste heat in district heating (Steinbach et al., 2021).

In addition, around 5.5 % of district heat (ca. 7,000 GWh/yr) was produced by waste incineration
plants in Germany in 2020 (BDEW, 2021); about half of this is counted as renewable energy, based
on the composition of the waste. More than half of the district heat supply in Germany is provided
by from cogeneration of heat and power, i.e., making use of waste heat from gas or coal power
plants. There is also a lot of industrial cogeneration. On the other hand, most of the waste heat
from thermal power plants in Germany remains unused (cf. chapter 4.2).

Potential for Waste Heat Usage

Japan
Waste heat sources

In Japan, about 60% of primary energy is discharged into the environment without being effectively
utilized during conversion and utilization. Figure 4.-1 shows the results of a survey of 1,273 business
sites in 15 types of energy intensive industries, in terms of the temperature range and amount of
heat of exhaust gas, that is waste heat, per business site. Note that only the power industry has a
second axis on the right-hand side in Figure 4.-1. Overall, the majority of the waste heat is in the
100-199°C range, and waste heat below 200°C accounts for 76% of the total.

From the power industry, there is a very large amount of waste heat of 1,200 TJ/factory in the 100-
149°C range. It is estimated that approximately 260621 TJ/year of waste heat is generated by the
power industry in Japan as a whole, of which 186851 TJ/year is waste heat at 100-149°C. Waste
treatment industry produces relatively high temperature waste heat with a considerably high
amount of heat. The oil/coal and nonferrous metals industries also produce a large amount of waste
heat at temperatures of 500°C or higher. Waste heat from the Waste treatment, oil/coal, and
nonferrous metals industries are estimated to be about 57942 Tl/year, 44889 Tl/year, and 16367
TJ/year, respectively in Japan as a whole.
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Fig. 6 Temperature and amount of heat of exhaust gas per factory by industry. (TherMAT, 2019)

Potentials for expanded waste heat utilization

Most of heat demand is in a range of above 200°C whereas the potential for waste heat is mainly
in a range of below 200°C. Therefore, it would be important to develop technologies to utilize low-
temperature waste heat, such as high-temperature heat pumps.

As for relatively high-temperature waste heat, waste heat use within a factory has been
progressing, but heat transfer between factories and heat supply to residences has not yet.

For expanding waste heat utilization, it will be important to review regulations regarding factory
locations and promote government support.

A promising application for expanded waste heat utilization is using waste heat from data centers.
There are initial approaches to the use of waste heat in Japan, and NEDO is now also tendering
projects. There are R&D measures and project ideas, e.g. in Hokkaido. Since the climate there is
cool, there are many data centers there that use both, cooling power and heat pumps (source:
discussion at the German-Japanese Expert Workshop on Industrial Waste Heat Usage (online) with
NEDO on April 22nd, 2021).

Municipal waste incinerators

At present, each municipality in Japan is responsible for its own waste. In the meantime,
municipalities are starting to join forces and share larger incinerators in order to have a more cost-
efficient operation and also generation of electric power. (Source: discussion of ECOS with the
Natural Energy Research Center — NERC in Hokkaido, 2023)

Since municipalities operate the incinerators, the main heat utilization is limited to heating and air
conditioning in public facilities such as swimming pools, and there are few examples of supply to
private sector. The problems with heat utilization are the distance between the incinerators and
heat consumers and the fact that it is limited to public utilities. To solve these problems, both
technology and municipal policies are needed (MOE, 2022-1).
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Sewage treatment facilities

At the sewage treatment facility, the digestion gas (biogas) is generated as part of sewage
treatment. Biogas is fed to a combined heat and power plant, which generates heat and electricity.
The heat and electricity are mainly used for internal purposes, and it is difficult to generate excess
heat in a stable manner except for large facilities. In addition, heat consumers are rarely located
near the plant in the most cases, making heat transport difficult. In Japan, where the natural gas
pipeline network is less developed than in Germany, there are limited ways to inject biogas into the
pipeline. In recent years, in addition to the conversion of sludge into fuel, the heat in the sewage
pipes, which is vastly abundant, is being focused on and effectively utilized.

4.2.2 Germany
Waste heat sources: Sector-specific and temperature-dependent averaged waste heat potentials

The following figure shows an overview of the waste heat potentials in Germany. It can be seen
very clearly that there is great potential above all in the area of thermal power plants and CHP
plants in particular. It should be mentioned here that the potentials of thermal power plants, CHP
plants, waste incineration plants and renewable energies (mainly from biomass plants) are purely
theoretical potentials. The potential for Industrial Waste Heat utilization is approx. 10 % of the total
usable waste heat.

As part of an IREES study, a database from Fraunhofer ISI was expanded and supplemented to
include industrial sites with their production volumes and technologies used. The potential amount
of waste heat was then calculated from this database using the calculated energy source inputs and
efficiencies. Accordingly, the total amount of waste heat from industry in Germany is approx. 51
TWh. A reference temperature of 25°C is used for the calculation. The waste heat from industrial
plants that can be used in heat networks amounts to approx. 8 TWh. For this purpose, it was
analyzed which waste heat sources are located within a radius of no more than 10 km from an
existing heating network. The reference temperature here is 95°C, so that the waste heat can be
used directly in the heat network. (Steinbach et al., 2021)
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Fig. 7 Potentials of waste heat utilization in Germany (Steinbach et al., 2021)

Potentials for expanded waste heat utilization

The biggest potential for the utilization of industrial waste heat is seen in the iron and steel industry,
the chemical industry, the aluminum industry and the mineral industry, especially in the
temperature range between 100 and 500 °C. Currently this waste heat is used predominantly
internally. However, there is also great potential for future external usage.

Conservative estimates indicate a usable waste heat potential for Germany of at least 12,000 GWh
to 70,000 GWh (Steinbach et al., 2021) from various sources that can be harnessed for external use
from a technical perspective.

The integration of 70,000 GWh/yr of waste heat for example in district heating networks alone
would reduce CO; emissions by around 19 million tons per year (AGFW, 2020). This corresponds to
around 36% of the reduction target set by the German government in the building sector of 53
million metric tons of CO, between 2020 and 2030 (Climate Protection Law 2021). The utilization
of waste heat can therefore make a significant contribution to Germany achieving its climate
protection targets in the building sector.

In addition, there is probably also substantial further potential for internal use in industry (e.g.
power generation) or in industry clusters, by the use of high-temperature heat pumps that can
replace other technologies using fossil fuels (e.g. gas boilers). Other promising waste heat sources
are sewage water (an example is given in chapter 4.4.2., tab. 4-2) and the utilization of waste heat
from data centers. An example is the city of Frankfurt/Main where, for example, the German
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Commercial Internet Exchange (DE-CIX) and 60 data centers are located, which together consume
1.6 TWh of electricity. If all their waste heat were used, it would be possible to provide CO»-neutral
heating for all the residential and office space in the Frankfurt City by 2030. Various projects for the
use of waste heat from data centers, such as the project in the Westville district with 1,300
apartments, most of which are supplied by data center waste heat, have already started
(Datacenter Insider, 2021).

Policy Measures for Promotion of Waste Heat Usage

Japan

Energy consumption efficiency has improved by 40% since the oil crisis of the 1970s, due to the
efforts of the public and private sectors in Japan. The Act on Rationalizing Energy Use was enacted
in 1979, and it continues to be revised to the present. Japanese government aims to achieve a more
rational energy supply-demand structure by integrating regulatory measures based on the law with
budgetary measures and other effective support measures (Strategic Energy Plan, 2021):

Regulatory measures

In 2018, the Act on the Rational Use of Energy was revised to establish a cooperative energy
conservation planning system that allows the government to certify and evaluate energy
conservation efforts made by multiple businesses in cooperation. The Act on the Rational Use of
Energy requires, as an effort target, a reduction in energy consumption intensity or electricity
demand leveling assessment intensity (energy consumption intensity plus a factor of electricity
purchases during electricity demand leveling hours which is from 8:00 to 22:00 in July to September
and December to March) of 1% or more per year on average over the medium to long term. Internal
waste heat utilization is one way for a company to achieve this target. In addition, the Benchmark
Program is being introduced to set targets for energy consumption intensity by industry sector. This
has been introduced in 6 industries and 10 sectors in the industrial sector (METI, 2022).

The Act on Promotion of Global Warming Countermeasures requires entities whose energy
consumption or greenhouse gas emissions exceed a certain level to report their energy
consumption and greenhouse gases (METI, 2022).

In addition, the Top Runner Program for energy-consuming equipment requires manufacturers to
improve the energy consumption efficiency of the equipment they ship. Reducing waste heat that
is released from the equipment is one way to achieve this for several types of equipment (METI,
2022).

Financial incentive measures

Financial incentive measures are being promoted in tandem with the aforementioned regulatory

measures.

METI (The Ministry of Economy, Trade, and Industry) provides subsidies of 25 t0100% of the
investment to companies in the introduction of advanced energy-saving equipment, the
introduction of various energy-saving facilities, and measures to reduce electricity consumption
during peak periods. The budgeted amount is approximately 160 billion yen in 2022FY. Besides, 100
billion yen is contributed to improve the thermal insulation of homes, and 30 billion yen for the
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introduction of high-efficiency water heaters. In addition, subsidies are provided for Net Zero
Energy Building / Net Zero Energy Home and energy-saving renovations, and support is provided
for the development of innovative technologies (IEEJ, 2022).

MOE (The Ministry of the Environment) has budgeted more than 10 billion yen per year in total for
promoting regional renewable energy and resilience. It includes the projects to support the
introduction of facilities that utilize unused local heat, such as heat exchangers, heat pumps, heat
pipes, pumps, heat conduits, and thermal storage systems (power generation facilities are not
eligible) and subsidizes companies and organizations by 33 to 50% of the investment (MOE, 2022-
2, MOE, 2022-3,).

Research and development

Over the past decade, METI and NEDO (New Energy and Industrial Technology Development
Organization) have been developing technologies to reduce thermal energy losses, reuse and
convert unused thermal energy, and develop thermal management technologies and basic
technologies that address these technologies across the board. Reduction technologies include
thermal insulation, heat shielding, and thermal storage. Reuse technologies include heat pumps.
Conversion technologies include thermoelectric conversion and waste heat power generation. The
total budget for FY2013 to FY2022 is approximately 10 billion yen (NEDO, 2022).

4.3.2 Germany
Regulatory measures
Internal use:

On the EU level, the product-specific regulations under the Ecodesign directive set legal
requirements for products’ circularity, energy performance and other environmental sustainability
aspects and creates energy labels that, among others, also include standards for heating and
cooling devices (European Commission, 2022).

In addition, the European DIRECTIVE (EU) 2018/2002 of 11 December 2018 on Energy Efficiency
regulates, among other things e.g., the mandatory energy management or energy audits for
companies that are defined to be larger than small and medium enterprises (European Union
“Official Journal of the European Union”, 2018), which is transposed in Germany in the energy
services law. This helps to identify potential internal uses of waste heat to save energy.

On the national level, a variety of regulations for planning and installation of components are to be
complied.

External use:

In general, all guidelines relevant to the transport and use of heat must also be observed for the
use of waste heat.

On the national level, the access of third parties (e.g. for the supply of waste heat) to heating
networks and infrastructure facilities is currently regulated in Germany in Section 19 of the Act
against Restraints of Competition (GWB — “Gesetz gegen Wettbewerbsbeschrankungen”). In
addition, guidelines are currently being planned at the EU level that guarantee the feed-in of waste
heat:
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In the current draft amendment to the Directive on the Promotion of Energy from Renewable
Sources (RED Il, Art. 24, Para. 4a), the EU Commission stipulates, among other things, that member
states must ensure that operators of district heating and cooling systems with a capacity of more
than 25 MWth are obliged to grant third-party suppliers of energy from renewable sources and
waste heat and cooling access to the grid, or that they must offer third-party suppliers to purchase
their heat or cooling from renewable sources or waste heat and cooling and feed it into the grid.

Financial incentive measures

Currently, various programs are in effect in Germany that provide subsidies for waste heat
utilization, among other things:

a) Energy and resource efficiency in enterprises

This financial incentive program supports, among other things, measurement and control
technology, sensor technology, energy management software, and measures for the use of waste
heat in and outside the company. The funding rates are up to 40, 50, or 55 % depending on the
subject, and they are higher for SMEs than for large companies (Deller, 2022).

b) Federal funding for efficient heat networks

In force since September 2022:

Module 1 funds up to 50 % of the costs of feasibility studies for the construction of heat grids with
a minimum of 75% heat feed-in from RE and unavoidable waste heat, as well as transformation
plans with the goal of converting existing heat grids to full supply from eligible renewable heat
sources by 2045.

Module 2 supports investment costs for the implementation of new heat networks based on a
feasibility study as well as packages of measures for the implementation of a transformation plan
for existing networks. The rate of support is 40 %.

Module 3 offers 40% of the investment costs for, among other things, heat pumps, heat storage,
pipelines for the connection of RE generators and the integration of waste heat, as well as for the
expansion of heat grids and heat transfer stations (Deller, 2022).

c) Waste heat and municipal heat planning

Financial support (currently up to 80%) and technical advice to promote municipal heat planning.
Central coordination instrument for the local heat transition to create investment security for the
development of infrastructures, especially heat networks, but also gas and electricity networks. The
government plans to make such planning mandatory for medium and large municipalities in a few
years from now (Deller, 2022).

Barriers for the utilization of waste heat (technological, political and infrastructural)

The existing policy measures listed above already try to tackle the many barriers for the utilization
of waste heat. However, further policies and measures may be needed to overcome the barriers
discussed below. These are based on experiences and analyses in Germany, but the same, similar,
or other barriers may also exist in Japan.
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In addition to technological and physical barriers due to the often different temperature levels of
waste heat sources and heat sinks, there are also energy and electricity tax barriers to the
integration of industrial waste heat into the municipal heat supply.

In connection with industrial waste heat utilization, the following barriers are particularly
noteworthy:

Payback periods: The investments for the plant technology for heat recovery sometimes lead to

long payback periods. Investments increase especially when special requirements are made
regarding temperature and corrosion resistance or when large heat exchangers are needed for low-
temperature applications.

Heat partnerships: Further hurdles lie in the design of the heat partnerships between waste heat

producing companies (heat source) and heat supply companies (heat sink). As a rule, waste heat
projects have a long planning lead time because numerous technical, legal and contractual issues
have to be considered and clarified. Due to high investments with long depreciation periods, the
business models of district heating companies are usually designed for at least 10 to 20 years. Since
industrial companies typically expect much shorter investment cycles and location decisions can be
made within a short period of time, there is a potential for conflict and increased uncertainty for
district heating suppliers.

Plant size: Larger plants for waste heat recovery tend to be economically more advantageous than

smaller plants due to economies of scale.

Availability: If a third-party supplier wants to feed waste heat into heating grids, the amount of heat
contractually guaranteed to customers must be secured with non-fluctuating generation capacities.
Depending on the design, it may also be necessary for smaller renewable energy or waste heat
capacities fed into the grid to be secured by the third-party suppliers in the grid itself (Source:
Ortner et al., Umweltbundesamt (German Environmental Agency), 2022)

Good Practice Examples

This chapter presents a selection of good practice example for the external utilization of waste heat
from different sources. There are of course many good practice examples for the internal utilization
in industries, but we found it difficult to obtain concrete data on the internal use of waste heat,
which may be due to commercial reasons.

Japan

Examples of multiple use of waste heat

Currently, in most cases, the waste heat from power plants, municipal waste incinerators, and
sewage treatment facilities is used for on-site use or in nearby public facilities. However, there are
also cases where heat is supplied from those waste heat sources to chemical plants and nearby
residential areas. Typical examples are shown in Table 4-1.
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Heat source

Name/Place

Description

Overview

Kawasaki Steam

Steam from the Kawasaki Thermal Power Station is supplied to 10 nearby factories

Power plant ) ) o .
Net (Kanagawa) (chemical plants, etc.) located in the Keihin industrial area.
Hikarigaoka Heat is supplied for heating and hot water supply from the Hikarigaoka municipal waste
Housing Complex disposal facility in conjunction with the construction of a large 12,000-unit residential
(Tokyo) complex.
Municipal
waste
incinerator
Shinagawa Yashio Provides heat for heating and hot water supply to a large residential complex of 5268
Housing Complex units, using waste heat from the incineration plant of the Shinagawa municipal waste
(Tokyo) disposal facility.
Sewage Rokkou Island Rokko Island Energy Service supplies waste heat from the incineration of sludge from the
treatment Housing Complex sewage sludge center to nearby housing complexes. Supply conditions are variable
facility (Hyogo) depending on the operation of the sludge center.

Tab. 4 Best Practice Examples of waste heat usage in Japan (Source: ANRE, 2015)




Example of research and development outcomes

As an example of R&D outcomes, a new type of heat-driven chiller with increased thermal efficiency
(COP) has been developed to generate cold heat from low-temperature waste heat that could not
be used in the past; the chiller recovers heat from 95°C waste hot water to 55°C and generates cold
water down to 0-3°C for cooling. It has been installed in buildings, factories, and hospitals in

Germany, Poland, and Slovakia.

4.4.2 Germany
Examples of multiple use of waste heat

In most cases only examples for external use of waste heat have been available. Although internal
use of waste is already common in many factories, most of them do not publish data about their
internal processes and heat fluxes. In Germany there is a growing number of district heating
networks using waste heat. Table 4-2 gives some examples for using waste heat from sewage water
and industry for urban quarters.



Heat source

Name/Place

Description

Overview

hemical b Industrial Heat is supplied for an urban quarter. The heat supply comes from a chemical by-
chemical by- heating product of copper production at Aurubis (copper production). A 2.7-kilometer-long heat
product of eastern transport pipeline connects the eastern HafenCity with the Aurubis plant. There, it is fed
copper L into district heat supply network of the utility company “enercity” a municipal energy
) HafenCity in . L . . .
production supply and service company. The pipeline for heat transport is designed for a capacity
Hamburg* of up to 60 MW, which is the total potential of the Aurubis industrial waste heat.
Area of copper factory Aurubis and
HafenCity in Hamburg*
Heat from a sewage system is supplied for heating and hot water supply for a quarter
in Stuttgart. Since 2020, heat has been supplied to the first three connected buildings,
In the following years, the number of heat consumers will gradually increase to around
850 residential units and commercial areas.
‘Neckarpark' i o o )
rter i The heat exchanger is developed for retrofitting of existing and new sewers in a modular
Waste heat | quarterin design and can be positioned using the existing manhole structure. Due to the modular
from sewage | Stuttgart** concept the heat exchanger can be extended any time.

In addition, the heat supply system contains a heat pump with an output of approx. 2.9
MW and a COP of approx. 3.45, as well as a CHP unit and a peak load boiler to cover
peak loads on particularly cold days.

The energy demand of the heat pump is partly provided by a PV system installed on the
buildings in the district. The entire plant went into operation in September 2020.

Heat exchanger for sewage water**

Tab. 5 Best Practice Examples of waste heat usage in Germany

(*Sources: Elbe Wochenblatt (2018); Aurubis (2022), Ch. Hein, presentation at the waste heat symposium “BMWK-Fachtagung , Klimaschutz durch Abwdrmenutzung”in Hamburg )

(**Sources: “Energie Wende Bauen “— Portal for energy-optimized buildings and neighborhoods, 2021; Stadt Stuttgart; “Neckarpark: Neuer Platz fiir Wohnen und Gewerbe“, 2021, Uhrig
Energie GmbH, 2021)




Conclusion: Suggested Priority Research Fields for German-
Japanese Cooperation

Several German-Japanese workshops such as "Industrial Waste Heat Usage - German-Japanese
Expert Workshop 2021" (online event from April 19-22, 2021) and bilateral exchanges such as the
GJETC have identified a whole range of potential areas of cooperation that can subsequently be
further developed in collaborative projects. These include, for example

¢ Optimization of thermoelectric generators (efficiency, materials, production costs, applications),

¢ Increasing efficiency and demonstrating possible applications for industrial heat pumps such as
in the food industry,

e Use of waste heat in data centers

e Use of waste heat from waste water

e Concepts for (municipal) heat networks

e Methods for developing waste heat registers and local heat planning.

From the analysis of framework conditions, available waste heat sources and sinks, as well as the
current state and trends of waste heat utilization, the following can be identified as priority
research fields for a German-Japanese cooperation:

Framework conditions and policy

Promote analysis of waste heat utilization potential:

An important step is to identify existing usable waste heat potential and the opportunity to
promote Energetic Neighborhoods. This includes identifying both the potential "providers" of waste
heat, i.e. location/temperature/quantity and temporal availability of the waste heat, and the
potential users and their requirements. In Germany, there are now numerous providers of waste
heat mapping on the market whose services and know-how could also be used in Japan.

Based on these measures, waste heat producers could be encouraged to disclose their potentials
and offer them for use to potential customers, especially district heating companies. This may be
combined with an obligation on the part of district heating companies to feed in waste heat if this
is economically viable. In addition, subsidies for various systemic measures and technologies such
as heat networks, heat storage, heat pump technologies and potential studies would be desirable,
like they are already available in Germany. Japan not only relies on the proven "Toprunner"
program for equipment and components, but also obliges companies to submit regular reports and
take measures to continuously increase energy efficiency in production, which also includes
operational waste heat utilization.

Both countries, Germany and Japan, have already launched various subsidy programs to support
the use of waste heat. An exchange of experience on the individual effects of the subsidy programs
would be desirable here.

Market Design:

In both countries, Germany as well as Japan, large-scale "waste heat markets" do not yet exist; in
contrast to the electricity market, there is no free market for heat, including waste heat. Political
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action is needed on both sides to support the creation of a “waste heat market”, potentially as a
part of a wider sustainable heat market.

Infrastructure:

While in Germany mainly district heating grids exist or are also being expanded, this is only common
in the very Northern part in Japan. On the other hand, Japan already has longer experience in the
construction and operation of cooling systems. An intensified bilateral exchange with regard to
technologies (e.g. chillers, heat pumps, energy storage, etc.) and systemic concepts (e.g. heating
and cooling networks) could enable further synergy effects for industry, research and (funding)
policy for both countries.

A positive example is currently the internal heat infrastructure in chemical parks or steel plants that
generate waste heat internally and use it in other production areas. A joint waste heat project, e.g.
involving industry (as a potential supplier of waste heat) and municipalities as users, could be
beneficial for both sides (Japan e.g. as a supplier of heat pumps or chiller technology, Germany in
the area of systemic technology of heat networks and heat storage).

An important challenge in Germany is the gradual decarbonization of existing district heating
infrastructure. The injection of industrial waste heat, the use of deep geothermal energy or the
conversion to "cold" heat networks (with temperatures of 30°C and less) in which the inclusion of
low temperature waste heat sources (e.g. waste water or waste heat from data centers) is currently
being discussed. Here, too, bilateral cooperation in research as well as in industrial or municipal
applications would make sense.

Technologies

Industrial heat pumps:

Especially in Germany, certain industrial sectors are affected by high energy costs (e.g. natural gas).
The substitution of fossil fuels with hydrogen will take a longer period of time in most cases, but
many sectors, such as the food industry, need short- or medium-term solutions in order to continue
to produce economically. Heat pump technology is capable of closing heat cycles and replacing
fossil fuels in the medium term by using operational waste heat at different temperature levels.
Here, cooperation between German and Japanese research institutes and heat pump
manufacturers for the further development and use of heat pumps (also in the high-temperature
range of 120°C and more) and users would make sense.

Heat storage
Heat storage is an important component in waste heat utilization and distribution.

Besides classical methods of heat storage via liquid storage media, solid media are also well suited
to store waste heat without heat loss over a longer period of time or to reuse it in the short term.
Especially in the field of phase change materials (PCM) for latent heat storage, Japan has numerous
research and development results that could also be helpful for German industry or municipal
waste heat utilization within the framework of a joint bilateral project.
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Thermoelectric generators (TEG)

Here, both the German and Japanese sides are working on further development of the systems. A
possible interface for installation here would be, for example, integration into an heat exchanger
as an intermediate layer. In both countries, there is potential for the application of TEG, but the
conversion efficiency of approx.. 5-7 % for electricity generation from heat is not very high.
However, TEGs have the operational advantage over other methods of generating electricity from
heat, such as ORC plants, in that they can be used for both continuous and discontinuous waste
heat generation even with relatively small temperature differences. In addition, TEGs can also be
used for cooling, as is the case with heat pumps. Japan has already made considerable progress in
this area, for example in the cooling of LEDs in telecommunications equipment.

In Germany, there is still a need to catch up here, which means that cooperation in the research
and application sectors is particularly recommended. In this field, a cooperation between a
Japanese company and a German research institute has already been established as a follow-up to
the German-Japanese workshop "Industrial Waste Heat Usage - German-Japanese Expert
Workshop 2021".
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1 Executive Summary

This paper compares the climate protection strategies of Japan and Germany in the context of the energy
crisis triggered by the Russian invasion of Ukraine. It examines whether, and if so, how previous climate
protection goals and strategies have been altered by the energy crisis, particularly with regard to security
of supply and the mitigation of price effects.

Japan has set a goal of reducing greenhouse gas emissions in 2030 by 46% from 2013 levels. It has also
made an international pledge to achieve a carbon neutral society by 2050. Germany aims to be
greenhouse gas-neutral in less than 25 years —in 2045 at the latest. It also targets for electricity supply in
2030 to be based on 80% of renewables.

On the way to carbon neutral societies Germany and Japan have many common, but also differentiated
challenges to be solved. Both countries have low energy self-sufficiency rates. Therefore, the path to a
carbon-neutral society must strengthen the national energy sovereignty. Especially with the experience
of the current energy crisis, this means that the national potentials for energy and resource efficiency and
renewable energy sources should be exploited as much as feasible with highest priority. Japan places the
highest priority on energy conservation and renewables, just like Germany. But by considering short-to
mid-term necessity of fossil fuels and challenges of significant improvement of energy efficiency and
limited potential of renewable supply, Japan is also planning to continue using fossil fuels directly (with
CCUS) or through imports of blue hydrogen or ammonia, and therefore needs a strong “decarbonization
of fossil fuels” strategy. In addition, Japan seeks for utilizing nuclear power as a substitute for fossil
power generation. Germany (like the EU) is more focused on the accelerated reduction of fossil fuels by
renewables and energy conservation. Induced by the energy crisis, In Germany and the EU, the ambition
in the targets for energy efficiency and renewables has even been increased, aiming for synergies between
energy sovereignty and climate mitigation. However, on the other hand, steps have been taken for the
massive expansion of LNG terminals and for diversification activities with regard to fossil energy supply
sources, which raise questions of climate-relevant lock-ins and of compatibility with the climate
protection goals.

On the surface, the strategies of Japan and Germany appear to be very different, but it could be argued
that, in reality, there are more common challenges. Firstly, both countries put priority on energy and
resource conservation as well as the supply of renewable energy sources. Secondly, both need to use
fossil fuels as a transitional pathway to a carbon neutral society, and thus have to take actions to ensure
security of supply. One difference may lie in whether or not there is confidence for building the future
energy system completely based on energy conservation and renewable energy, and hence the duration
of the use of fossil fuels as a transitional pathway. This different perspective may be due to the
geographical and geopolitical conditions in which both countries find themselves. With regard to current
policy priorities, there is a clear difference concerning the role of nuclear energy.

Questions remain on the one hand as to whether and how Germany (the EU) can achieve the ambitious
climate protection goals primarily based on renewable energies and energy efficiency under changed
geostrategic conditions. On the other hand, Japan faces the challenge of how to develop a
decarbonization path under the special conditions of an island state that generates minimal risks in the
long term and is prepared for the competition on global GreenTech lead markets for renewables and
energy efficiency.

Kutani, S., Sakai, S., Hennicke, P., Labunski, F., Rottger, A. | 1
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2

2.1

Japan: Combining Efforts to Reduce and to Decarbonize
Fossil Fuels

Fossil Fuel Situation in Japan

Japan has set a goal of reducing greenhouse gas emissions in 2030 by 46% from 2013 levels. It has
also made an international pledge to achieve a carbon neutral society by 2050. Japan, like other
countries, is taking national measures to address climate change.

However, the energy situation has changed drastically since the 2011 Great East Japan Earthquake
shut down nuclear power generation, the economic stagnation caused by the spread of coronavirus
infection that has continued for the past three years, and the Russian invasion of Ukraine that began
in February 2022. In addition, Japan has not made enough progress in creating an environment for
electricity deregulation, developing a grid to actively introduce renewable energy, and restarting

nuclear power plants.

To begin with, Japan, surrounded by the sea and lacking its own energy resources, relies on imports
of fossil resources and fuels from overseas. As a result, Japan is very sensitive to sudden changes
and fluctuations in energy supply and demand.

As an aside, Japan used to mine coal and other resources domestically. Due to rapid economic
growth in the 1970s and the expansion of imports of cheap energy resources from abroad, the
domestic supply of energy resources has gradually shrunk and is now almost non-existent.
Therefore, it was necessary to import high-density energy resources to Japan with high efficiency,
and more than 50 years ago, the world’s first project to liquefy and transport natural gas was
successfully completed. Since the arrival of a 30,000-ton liquefied natural gas (LNG) carrier from
Alaska to Japan in 1969, this marine transportation of energy by LNG has now become a global
standard.

Incidentally, Japan’s energy self-sufficiency rate is only about 12%. Figure 2-1 compares the primary
energy self-sufficiency ratios among major nation. In Japan it is very low compared to other
developed countries, and it is only about 1/3 of the self-sufficiency rate of Germany (about 35%).
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Figure 2-1 Comparison of primary energy self-sufficiency ratios among major nations

(Source: METI)
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Therefore, Japan is sensitive to the world’s energy situation. In other words, just like other countries
and due to the global energy crisis around the world, Japan is experiencing a tight power supply
and demand situation and energy prices are increasing. This means that Japan is facing an energy
crisis comparable to the oil crisis that occurred in Japan in 1973. The recurrence of such an energy
crisis demonstrates the fragility of Japan’s energy supply system and the issues of energy security.
This is a critical issue because ensuring a stable energy supply is fundamental to people’s lives and
corporate activities. In this point of view, Japan is promoting thorough energy conservation,
structural transformation of the manufacturing industry (fuel conversion and raw material
conversion), active introduction of renewable energy, utilization of nuclear power, promotion of
introduction of CO,-free fuels such as hydrogen and ammonia, strengthening of international
cooperation to secure resources and energy, and promotion of carbon recycling and CCS
introduction. Please add a short remark whether these strategies are accelerated by the current
energy crisis.

2.2 Energy Structure in Japan

As described earlier, Japan relies on imports from abroad for most of its primary energy. Figure. 2-2
shows energy flows in Japan. The values on the left side of the figure show the energy supply but it
can be seen that oil, coal, and natural gas supply almost all of it.
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Figure 2-2 Energy flow in Japan

(Source: IEA Sankey Diagram 2020)
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Trends in the mix of the primary energy supply in Japan
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Figure 2-3 Trends in the Mix of the Primary Energy Supply in Japan

(Source: METI, 2022)

For clarity, the primary energy source is depicted in a pie chart in Figure. 2-3 Until the Great East
Japan Earthquake in 2011, the country had actively promoted the introduction of nuclear power
and renewable energy in order to reduce its dependence on fossil resources and fossil fuels, but
since the earthquake, the country’s dependence on fossil resources (fuels) has increased again.

Primary energy consumption in Japan is approximately 17,000 PJ as shown in Figure. 2-2. Of this
primary energy source, oil, coal, and natural gas account for about 85% and are sources of CO;
emissions. Of this primary energy, about 7,300 PJ (about 43%) is consumed for power generation.
And fossil fuels account for about 80% (about 5% oil, 37% coal, and 37% natural gas) of the fuels
used for power generation. Renewable energy, including hydropower, accounts for about 12%.
Approximately 7,300 PJ of energy supplied to the power plant is converted into electricity, which is
then supplied to the industrial, transportation, and consumer (household and business) sectors as
approximately 3,300 PJ of electricity. This means that the power generation conversion efficiency
is about 45% on average. Of the approximately 17,000 PJ of primary energy, approximately 9,700
PJ of energy not used for power generation is consumed in the industrial, transportation, and
consumer sectors as raw materials for products, fuel for manufacturing, and heat sources. The
amount of energy consumed in the industrial, transportation, and consumer sectors is 3,146 PJ,
2,615 PJ, and 4,007 PJ, respectively.

Renewable energy is an essential tool for decarbonization, but the energy structure of Japan shows
that renewable electricity alone is not enough to decarbonize the country. In other words, even if
all electricity is supplied by renewable energy sources, it represents only 30% of primary energy as
shown in Figure. 2-2 The remaining 70% are raw materials and fuels derived from oil, natural gas,
and coal. This is where CO,-free raw materials and fuels must be supplied.

Please refer to the GJETC scenario comparison and the restrictions to use existing renewables
potentials in Japan.
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There is a limit to the amount of renewable energy that can be introduced in Japan. Japan has few
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flat lands and limited areas with good wind conditions. Many areas on the Sea of Japan side of the
country have large amounts of snowfall, making them unsuitable for solar and wind power
generation. In addition, suitable locations for renewable energy are unevenly distributed in regional
areas and are distant from densely populated areas (energy-consuming areas). This means that
large-scale reinforcement of power transmission and distribution facilities will be necessary.

Policies are underway in Japan for the active introduction of offshore wind power generation. Japan
does not have as much suitable shallow water as Europe, and is hit by typhoons and other storms,
making it difficult to introduce wind power quickly and in large quantities. Of course, it also takes
time to obtain the consent of local fishery associations and residents.

Therefore, in the future, the policy must be promoted with a view to importing renewable energy.
Therefore, various methods are currently being considered in Japan. Hydrogen, ammonia,
methanol, and MCH are being considered as energy carriers.

2.3 Energy Usage by Sector and Directions for Decarbonization
The different sectors use energy in very different ways. Figure. 2-4 shows a breakdown of energy
consumption in each sector. This figure shows that the transportation sector is dependent on
gasoline and other petroleum products. On the other hand, it can be seen that the consumer sector
(other section in Figure. 2-4) is the most electrified. The industrial sector is very complex due to the
mix of various industries. In this way, there is no general solution for all sectors toward carbon
neutrality (decarbonization).
Industry Transport Other
3,146 P) 2,615P) 4,007 P)
’ a7 %
Csowes | oy | Tmpor |
Oil products 689 (22%) 2,534 (97 %) 1,126 (28%)
Coal 748 (24%) 5
Natural gas 424 (13%) 1 688 (17%)
Bio/waste 140 18 94
Geothermal 5
PV/tide/WP 7
Electricity 1,145 (36%) 62 2,059 (51%)
Heat 23
Total 2,615 4,007
Figure 2-4 Energy consumption for each sector in Japan

(Source: IAE created from IEA Sanky diagram 2020)
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2.3.1 Transport sector

The transport sector is heavily dependent on gasoline and other petroleum products, which
account for 97% of the total as shown in Figure. 2-4. In other words, the key to decarbonizing the
transport sector is how to replace these petroleum products with CO,-free fuels. The solution would
be to introduce zero-emission vehicles such as electric vehicles and fuel cell vehicles. However,
although Japan is also actively introducing electric vehicles, they account for only about 2% of
electricity consumption. Further introduction of electric vehicles would be desirable.

On the other hand, the introduction of electric and fuel cell vehicles, of course, requires the supply
of electricity and hydrogen. As an extreme example, if all internal combustion engine vehicles
running in Japan were replaced with electric vehicles, how much electricity would be required? The
number of automobiles running in Japan is approximately 80 million. Automobile fuel can be
broadly divided into three types: gasoline, diesel fuel and LPG (Liquefied Petroleum Gas). The fuel
consumption and vehicle mileage for each are compiled by the Japanese Ministry of Internal Affairs
and Communications®. Although the details of the calculation are omitted, the amount of electricity
required for electric vehicles can be calculated from Ministry of Internal Affairs and
Communications data to be approximately 100 billion kWh (about 380 PJ). If this amount of
electricity were to be supplied by photovoltaic power generation approximately 100 GW of solar
panels would be required, assuming that the annual installed utilization rate of photovoltaic power
generation in Japan is approximately 12%. This capacity of photovoltaic power generation is
approximately 1.5 times greater than the amount of installed capacity that currently exists in Japan.
Similarly, if internal combustion engine vehicles were replaced by fuel cell vehicles, about 5 million
tons (55 billion Nm3) of hydrogen would be required. Please refer to GIETC scenario comparison
up to 2050. It is impossible to procure such quantities of electricity and hydrogen right now. But
this impact must be remembered. It will take a very long time to realize such a society, and how to
obtain electricity and hydrogen cheaply and in large quantities will be very important in the future.

Incidentally, the Japanese government has set a goal of 100% electric vehicles in new passenger car
sales by 20352. With regarding hydrogen, the goal is to introduce up to 3 million tons of hydrogen
by 2030, and about 20 million tons by 20502.

Another method is to use synthetic fuels that can be produced from biomass, waste cooking oil,
and carbon dioxide. However, if synthetic fuels are produced from CO, and used, and if the CO,
source is fossil fuels, then new strategies will be needed to achieve decarbonization, such as utilizing
technology to capture CO; from the atmosphere (DAC).

2.3.2 Consumer (household and business) sectors

The consumer sector is the most electrified. Therefore, the fastest way to achieve decarbonization
in this sector is to make electricity CO,-free, i.e., to introduce renewable energy. However, as noted

1 Ministry of Internal Affairs and Communications, "Automobile Fuel Consumption Survey", https://www.mlit.go.jp/k-
toukei/nenryousyouhiryou.html

2 METI, “Green Growth Strategy Through Achieving Carbon Neutrality in 2050” , December 25, 2020.
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earlier, there is a limit to the amount of renewable energy that can be introduced, so energy
imports from overseas will be inevitable in the future.

All-electric houses and buildings exist in Japan. However, the recent Russian invasion of Ukraine has
resulted in an insufficient procurement of fuel for power generation, causing electricity prices to
increase sharply. This makes it difficult to keep warm, especially in all-electric homes, as the utility
costs are a financial pressure on the family budget. Even if renewable energy is imported from
overseas in the future, we must aim to minimize these price fluctuations and ensure a stable power
supply. In addition, since renewable energy is an unstable power source that is affected by weather
conditions and other factors, the strategy will need to include the introduction of energy carriers
and the operation of nuclear power.

Non-electricity energy is mainly oil and gas, most of it consumed for heating purposes. The
introduction of CO,-free fuels is essential to decarbonize oil and gas products. As discussed in the
transport sector, synthetic fuels from biomass, waste cooking oil, and carbon dioxide are the most
likely candidates.

The spread of energy-complete buildings such as ZEB and ZEH is also important for decarbonization.
In Japan, the Sixth Basic Energy Plan sets a goal of ensuring that new houses and buildings
constructed after 2030 have ZEH/ZEB level energy efficiency and conservation performance.

2.3.3 Industrial Sector

The industrial sector is a mixture of various sectors, and different sectors use fossil fuels in different
ways. In the field of steelmaking, the blast furnace/converter method is the dominant method in
the world, accounting for approximately 70-80% of crude steel production. However, the blast
furnace/converter method consumes a large amount of coal-derived coke, resulting in high CO;
emissions. In order to reduce coke consumption, the introduction of hydrogen-reduced
steelmaking and direct-reduced steelmaking is under consideration.

In the hydrogen reduction steelmaking process, the reduction reaction with hydrogen is an
endothermic reaction, which means that a large amount of hydrogen cannot be supplied to
maintain the temperature in the furnace. Of course, there is also the issue of how to obtain
hydrogen. In the direct reduction method, iron ore is reduced in solid form using natural gas, etc.,
and then transferred to an electric furnace for further processing. This method does not use coke,
thus reducing CO; emissions. However, electric furnaces used in post-processing are more difficult
to remove impurities than blast furnaces, and low-grade iron ore with high impurities content
cannot be used. Another disadvantage of this method is that it is less energy efficient than the blast
furnace method because iron ore reduction cannot be performed in a single furnace. In addition,
the advantage of steelmaking in areas where natural gas is cheaply available should not be
overlooked. Nevertheless, the direct reduction method has already been introduced in the world
and is a promising method for the future. The electric furnace method is attracting worldwide
attention because it does not require a reduction reaction and can drastically reduce CO, emissions.
It is said that CO, emissions can be reduced to 1/3 compared to the blast furnace method. In the
electric furnace method, scrap iron generated in the city or in steel mills is collected and used as a
source of iron. Since the sources of steel scrap in the city are dispersed, there is a need to recover
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steel scrap in a stable and efficient manner. Scrap iron is already component-adjusted. Therefore,
it is not suitable as a raw material for products that require processability and strength. The electric
furnace method, which does not use fossil fuels, is the most promising method for decarbonization,
but as already mentioned, stable availability of steel scrap and electricity supply are important
issues. Instead of natural gas used in direct reduction, synthetic fuels produced from CO, and
ammonia are candidates for reductants, but the technology is not yet mature.

The cement production process emits a large amount of CO; during clinker calcination. In other
words, limestone and clay are calcined at 1400° C or higher to produce clinker, and a large amount
of CO; is emitted during this process. Therefore, CO, emissions can be reduced by using CO,-free
raw materials in place of limestone. If CO; can be separated and recovered from factory exhaust
gases to produce calcium carbonate, it can be used as a raw material to replace limestone, thereby
reducing CO; emissions. There are also other methods. After cement is produced from clinker,
water and aggregate are mixed to produce concrete, but there are other methods of fixing CO; in
concrete by using new materials that utilize CO; in the aggregate. Furthermore, in order to control
the strength of concrete, CO; is absorbed in the concrete (curing process), and if CO, recovered
from factory exhaust gas is used for this CO,, it can contribute to CO; reduction.

Thus, when CO; is used in the cement production process, the process is simpler because, unlike
the production of synthetic fuels and chemicals from CO,, hydrogen is not needed at all. The
Japanese government’s carbon recycling technology roadmap published in 2019 (revised in 2021)
also clearly states this and sets a high priority for its introduction as a CCU product. However, the
heat source (fuel) used for clinker firing, etc. is a fossil fuel, and decarbonization of the heat source
must be considered separately. The same argument can be made in the chemical industry
(petrochemicals) as in the steel and cement sectors. Since the sources of CO, emissions in this field
are electricity, raw materials, and heat source (steam), they should be CO,-free. Of these, electricity
and heat source (steam) are related to fossil fuels.

As we have mentioned many before, the use of renewable energy is essential for the
decarbonization of electricity. However, the amount of renewable energy introduced in Japan is
limited, and the development of transmission and distribution networks for renewable energy has
lagged. Therefore, the use of non-renewable energy sources and CO,-free fuels to supply electricity
is also being considered. Of course, this is not limited to the chemical industry. These are solid fuels
using biomass and waste plastics, liquid fuels using energy carriers such as hydrogen, ammonia,
MCH, and methanol, and gaseous fuels using biogas and synthetic methane. However, CO; is
generated during fuel production and combustion of energy carriers (during power generation).
Therefore, it is necessary to introduce the concept of carbon recycling by, for example, recovering
the CO; and producing the fuel again.

There are three ways to decarbonize heat: (1) effective utilization of unused heat (waste heat), (2)
CO,-free heat sources, and (3) use of electric heat conversion. Even though waste heat is generated
as a by-product in almost all technical processes, it is often lost without being utilized. Waste heat
is readily available, but the balance between waste heat sources and consumers is very important.
In particular, it is necessary to investigate the temperature range, heat content, waste heat flow,
timing of heat supply and heat demand, type of heat medium, and local conditions. Effective use of
unused heat (waste heat) can significantly reduce fossil fuel consumption and CO, emissions.
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However, as long as fossil fuels are used as heat sources, CO, emissions cannot be reduced to zero.
Therefore, replacing natural gas, light oil, and heavy oil used as heat sources with CCU fuels is
expected to significantly reduce CO, emissions from heat sources. However, to decarbonize, the
CO; emitted after combustion (steam production) of the CCU fuel must be recovered. This would
not be the case if the CO; recovered by DAC is used to produce fuel. Alternatively, CO, could be
captured by CCS.

As for the electrification of heat using electrothermal conversion technology, it is seen only in small-
scale applications. If it is to be made large scale, there are still major issues to be solved, such as
securing large scale electricity from renewable energy sources.

Policy Trends in Japan

The Japanese government announced the 6% Basic Energy Plan in 20213, It sets targets for domestic
energy supply and demand necessary to achieve Japan’s GHG emissions reduction target for 2030.
Figure. 2-5 shows the target power source composition for Japan in 2030 (right side in Figure. 2-5).
According to this, the expected electricity supply in 2030 is 934 billion kWh, and renewable energy
sources are expected to account for 36-38% (336~353 billion kWh) of this amount. In addition, the
goal is to generate 1% of the total amount of electricity generated by hydrogen and ammonia as
energy carriers (approximately 9 billion kWh).

Targets for hydrogen and ammonia are described in the Green Growth Strategy’ released by the
Japanese government in 2021, which includes targets for their introduction. Hydrogen is targeted
to be introduced up to 3 million tons per year in 2030 and about 20 million tons per year in 2050.
Ammonia demand in Japan is expected to be 3 million tons per year in 2030 and 30 million tons per
year in 2050. For synthetic methane, similarly, targets have been set in the Green Growth Strategy.
According to the strategy, the goal is to inject 1% of synthetic methane into existing infrastructure
by 2030 and 90% by 2050. The supply of synthetic methane in 2050 would thus be equivalent to
approximately 25 million tons. To achieve these goals, public-private councils®®78 have been
established to create incentives for businesses formulating a supply chain as soon as possible, and
active discussions are still taking place.

3 METI, https://www.meti.go.jp/english/press/2021/1022 002.html

4

METI,

« »

Green Growth Strategies Associated with 2050 Carbon Neutrality , 2021.6.,

https://www.meti.go.jp/english/press/2021/0618_002.html

S METI, “Methanation Public-Private Council” , https://www.meti.go.jp/shingikai/energy environment/methanation suishin/index.html,
(Japanese).
6 METI, “ Public-private  sector council to promote the introduction of synthetic fuels (e-fuel) 7 ,

https://www.meti.go.jp/shingikai/energy _environment/e_ fuel/index.html, (Japanese).

»

7 METI, “  Public-Private Council to  Promote the Introduction of Sustainable Aviation Fuels  (SAF) ,
https://www.meti.go.jp/shingikai/energy environment/saf/index.html, (Japanese).

« »

METI, Public-Private Council for the Introduction of Fuel Ammonia )

https://www.meti.go.jp/shingikai/energy environment/nenryo _anmonia/index.html, (Japanese).
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Figure 2-5 Primary energy supply and Structure of power sources in 2030 in Japan

(Source: METI, https://www.enecho.meti.go.jp/en/category/special/article/detail 171.html)

The roadmap for carbon recycling technology was established in June 2019. Subsequently, it was
revised in July 2021 due to rapid progress in R&D aimed at international collaboration and the
positioning of carbon recycling as a key technology for achieving carbon neutrality in the “Green
Growth Strategy Accompanying Carbon Neutrality in 2050” in 2021. Figure. 2-6 shows the carbon

recycling technology roadmap.
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Conference on Carbon Recycling among Industry-Academia-Government, or proposals of new technologies. The roadmap should be reviewed in five years as needed,
take into account the revision of the “Long term Strategy for Growth strategy based on the Paris Agreement (provisional translation)” . 2
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Figure 2-6 Roadmap for Carbon Recycling Technologies

(Source: METI, “Roadmap for Carbon Recycling Technologies” , 2019.6)

While the effort toward decarbonization was accelerating, Russia invaded Ukraine. In the long term,
improving energy self-sufficiency through energy conservation and renewable energy will be
central to countermeasures in terms of both energy security and climate change, and Japan also
has a policy to pursue it. However, it will take a long time to realize because it will involve structural
changes, thus it will not be sufficient in terms of time horizon of the crises we are facing now. Under
such circumstances, the most immediate option that Japan can actually take is to restart existing
nuclear power plants. Restarting one nuclear power plant (approximately 1 GW) can reduce annual
LNG imports by approximately 1 million tons. Against this background, in August 2022, Prime
Minister Kishida announced a policy to accelerate the restart of existing nuclear power plants. He
also indicated a policy of extending the operational life up to 60 years, and even considering the
construction (replacement) of a new reactor. These nuclear policies represent the significant
change in Japan since Russia’s invasion of Ukraine.

The decarbonization strategy responding to Russia’s invasion of Ukraine was published in December
2022, “Basic Strategy for Realizing Green Transformation (GX)”
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Kutani, S., Sakai, S., Hennicke, P., Labunski, F., Rottger, A. | 11



E T -
Basic Strategies of Japan and Germany Against the Energy Crisis %0e®

3 Germany: Accelerated Replacement of Fossil Fuels
While Diversifying Their Supply

In January 2022, shortly before the Russian invasion into the Ukraine (24.2.2022), the German
Federal Ministry for Economic Affairs and Climate Action (BMWK, 2022) published “Germany’s
Current Climate Action Status”. According to this publication, the goals of the current government
can be summarized as follows:

1| Germany should be greenhouse gas-neutral in less than 25 years —in 2045 at the latest.

2| Electricity supply in 2030 should be based on 80% renewables.

3| Emissions reductions must more than double in the coming years and then nearly triple by
2030

4 | The Climate Change Act, following the Federal Constitutional Court’s landmark ruling on
climate protection in March 2021, requires that greenhouse gas emissions must fall by 65 %
from 1990 by 2030. All sectors must contribute to this reduction by binding targets

5| The European Union has set itself the goal of greenhouse gas neutrality by 2050 and has
raised the 2030 target to a 55 per cent reduction in greenhouse gas emissions from the 1990
figure. Both targets have been made binding under international law by the European Union
in the context of the Paris Agreement.

In this paper we take this political action status as a starting point to discuss the question whether
and how Germany might have changed its basic strategies due to the impact of the energy crisis.

3.1 Medium Term Compensation for the Ban on Russian Fossil Fuels

Russia’s war of aggression against the Ukraine has been perceived by the German Government and
the public as a fundamental turning point (“Zeitenwende”)® of geopolitics and as a dramatic break
with rule-based foreign policies. This turning point came also as a challenge and surprise for many
experts concerning current energy policies, import strategies, and long-term decarbonization
strategies. The German Government decided on huge immediate relief programs for households
and companies, which are not part of this paper.’® Here we focus on the policies and measures to
compensate for the ban on Russian gas, oil and coal (based, i.e., on Ariadne, 2022). There is no
comparable industrialized country, where the historical, self-responsible and risky decisions on
import dependencies (especially for gas) were as seriously challenging as for Germany. However,
as a member state of the EU, Germany can rely on other member states to find solutions. The key
guestion for the German Government, which was raised by the ban, was whether, and if yes, how
ambitious climate mitigation policies can be combined with protecting energy sovereignty and
security of supply. Following the events of February 2022, the Ministry of Economics and Climate
Action (BMWK) is prioritizing the reduction and substitution of fossil fuels over their
decarbonization. Highest priority is given to the question how much, how quick and with what
socioeconomic implications the forced “reduction of fossil fuels” (e.g. by energy efficiency,
renewable energies, diversification of supply) is possible, getting rid of the import dependencies.

9 Cf. e.g. Bundesregierung (2022): Reden zur Zeitenwende (bundesregierung.de)
10 Cf. e.g. Bundesregierung (2022): Wir entlasten Deutschland | Bundesregierung
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Japan and Germany have taken different approaches to the energy crisis, with Japan focusing on
decarbonizing fossil fuels and Germany prioritizing the reduction and substitution of fossil fuels.

This paper does not look into the specific challenges of “decarbonization of energy intensive

industries” 1

, where the wording “decarbonization of fossil fuels” can have a special meaning
without referring to the energy crisis. Transforming the production processes in industries like
steelmaking, aluminum, cement and chemicals (fertilizers), “decarbonization” includes a wide
range of time horizons and technologies such as e.g., hydrogen, CCS, CCUS, low carbon products

and CE strategies.

In Germany, there are many activities going on in research and the “scenario community”*?

e.g., to
adapt the former scenario analyses to possible new challenges due to the changed international
energy agenda after February 2022. Thus, the BMWK is moderating a scenario based dialogue on a

“System Development Strategy” (“Systementwicklungsstrategie/SES”):

“Against this background, there is a great need for coordination between the planning processes for
infrastructure and the strategies for the various sectors and energy sources. The SES sets a framework that
provides orientation for follow-up processes, such as the network development plans for electricity and gas
or hydrogen, as well as the sector- and energy-source-specific strategies and programs. In this way, it
ensures the coherence of the various strategies and programs in terms of an inexpensive, consumer-friendly,
efficient, environmentally friendly and climate-neutral overall system. The SES is created by the BMWK in a
participatory process involving representatives from the energy sector, industry, civil society and politics.”
(ibid; own translation)

We will come back to some of these initiatives at the end of this paper.

Figure 3-1 shows Germany's import dependency on oil, natural gas, and hard coal before the war,
as well as the share that was imported from Russia.

@ 2.000

Consumption Imports Consumption Imports Consumption Imports
Mineral ail Natural gas Hard coal

W Primary energy consumption Imports from Russia M Other imports

Figure 3-1 Fossil Fuel Import Dependency of Germany Before 2/2022

(Source: Ariadne 2022)

11 The GJETC conducted special papers on steelmaking and chemicals, see https://gjetc.org/studies/

12 https://www.bmwk.de/Redaktion/DE/Dossier/ses.html
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Figure 3-2 illustrates the distribution of natural gas demand across key sectors up to 2020, including
private households, the commercial sector, electricity and heat production, industry, and other
sectors.
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Figure 3-2 Sectoral Demand for Natural Gas in Germany

(Source: Ariadne 2022)

3.2 Stronger Energy Efficiency and Savings

Regarding natural gas conservation potential, Figure 3-3 displays the potential for mobilizing short-
term energy conservation in various sectors, as indicated by different studies:
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Figure 3-3 Short Run (2022/2023) Gas Conservation Potential According to Different Studies (left in % and
right in absolute figures)

( Source: Ariadne 2022)

So, what has been accomplished in the short run? Several studies, including those by Agora (2022),
UBA (2023) and BMWK (2022), summarize some key impacts as of the end of 2022:
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Emergency measures to ensure security of supply have generally been successful (BMWK, 2022),
despite the cessation of all fossil fuel imports from Russia. During the winter period, gas
consumption in Germany was reduced by around 19% compared to the period 2018-21
exceeding the 15% target set by the European Council (i.e., the governments of the EU Member
States). However, the German energy grid regulator (Bundesnetzagentur) suggests that gas
savings should have been even higher (25%) to characterize the status quo as “stable”.

CO; emissions in 2022 decreased by 1,9%, which translates to 15 Mt less than in 2021. This
reduction was mainly due to decreases in the industry and household sectors, while emissions
in the energy and the transportation sectors increased.

Primary energy consumption declined by 4.7% in 2022 compared to 2021, thanks to energy
efficiency, energy savings, production declines, and low heating consumption due to mild
weather. Fossil gas consumption fell compared to 2021, while oil and coal consumption
increased by three and five percent, respectively.

Renewable energy sources produced more electricity in 2022 than ever before, generating 256
TWh, a 9% increase compared to 2021. Wind power remains the largest supplier of renewable
electricity with 128 TWh, but the addition of 2.4 GW was still far too low. Solar power production
increased by 23% compared to 2021 due to a good year for sunshine and the addition of 7.2 GW.
Two more coal-fired power plants, activated from reserve (2 GW), were on the market than at
the end of 2021. As a result, lignite and hard coal-fired power plants supplied 18 TWh more,
while generation from gas-fired power plants fell by 15 TWh.

Surveys conducted among citizens on the most significant topics in Germany reflect the multiple
crises of 2022. Climate and environmental protection were among the top two issues in the
monthly polls during the year. A large part of the population sees the expansion of renewable
energies as the best response to the Russian invasion. The acceptance of renewable energies is
increasing again at a high level.

Energy savings, increased gas imports, and the first three FSRU LNG terminals in German ports
have brought gas prices down again (see below).

Figure 3-4 illustrates how the energy crisis initially caused a severe energy price crisis, which
brought some companies and vulnerable households close to the brink of existence. Meanwhile,
the gas price has nearly returned to its pre-war level, and Ariadne (2022) does not anticipate a
similar future price hike as in 2022.
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Figure 3-4 Wholesale Gas Prices 2/2022 to 1/2023

(Source: Bundesnetzagentur 2023)
What are the mid- and long-term prospects? As of February 2023, there are no fully adapted and
updated scenarios compared to the representative studies, which have been compared by the
GJETC (2022). Therefore, we refer to recent studies that focus on the gas market and renewable
electricity prospects up to 2035.

Figure 3-5 summarizes the final result of the Ariadne study (2022). It shows how a mixture of energy
efficiency and conservation measures in all sectors and additional LNG imports can substitute for
the energy supply gap caused by the cessation of gas imports from Russia in 2022. Within its dossier,
Ariadne (2022) examined the mid-term perspectives (up to 2030) of the gas supply and demand. It
concluded that with support from additional LNG imports, about 600 TWh of gas supply from saved
sources can be secured for Germany. This would mean a reduction of about 30 to 50% compared
to the pre-war level of gas demand, which would also contribute significantly to achieving
Germany’s climate mitigation targets. However, it raises questions about how this energy efficiency
and conservation effort can be reached and stabilized and what this would mean for the need to
build up a comprehensive new LNG-infrastructure (see below).

For example, another study by E3G, together with the Wuppertal Institute, showed that a
comprehensive program of energy efficiency, paired with green electrification and district heat in
the building sector, could save up to 250 TWh/yr of gas by 2030 and avoid the need to build two
land-based LNG terminals that are planned for 2026 and 2028 to replace FSRUs (Koch et al. 2022).
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In sum, the Ariadne study identified energy savings potentials in the building, energy industry, and
industry sectors to be “[...] in principle sufficient to reduce the gas consumption up to the year 2025
to a level, which enables a high level of energy sovereignty and especially independence of Russian
gas imports. For this, a clear trend change in the energy industry and in buildings is necessary, which
could not realize demand reductions up to now” (Ariadne 2022, 3, own translation).

The deficits of the existing energy efficiency and savings governance have been perceived as one of
the weakest points of the German climate mitigation and energy transition policies (BMWK 2022).
Up to now, there is no binding target on energy efficiency, and it is unclear which institution bears
the steering and coordination responsibilities for the implementation of cross-cutting saving policy
packages to harvest the “low hanging fruits” of energy efficiency.

With this background and due to pressure from the EU, an Energy Efficiency Law
(“Energieeffizienzgesetz”/EEG) with mandatory targets and a comprehensive revision of the
Buildings Energy Law (“Geb3udeenergie-Gesetz”/GEG) are under development, which might bring
some progress in the near term. The government has implemented further plans with detailed
measures (see below).

The Ariadne Study noted that the extension of the life of the three remaining nuclear power plants
up to April 2023 “[leads] to additional electricity exports and reduces the GHG-emissions, but
contributes only marginally to gas savings in Germany” (Ariadne 2022, 2).

Although the Ariadne Study focuses on the gas supply topic and does not discuss the implications
of an ambitious reduction of the gas demand (30 to 50% by 2030) for the existing gas infrastructure,
the profitability of the gas grid, and the transition to a hydrogen economy, there is growing concern
about the future of the gas grid within the community of many Municipal utilities in Germany (about
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3.3

850). Municipal utilities are worried about whether gas grids “remain a business case” (ZfK 2023,
February, 2). In the future, it appears clear that the fixed cost of the grid must be distributed to less
gas supply, which would mean raising transmission fees. The question of blending natural gas with
hydrogen or developing a special hydrogen grid is also being debated within municipal utilities (cf.
ibid). Transformative planning has become an imperative for local and regional heat planning, and
the task is accelerated by the energy/gas crisis.

Accelerated Deployment of Renewable Power

It is remarkable how the German government reacted to the energy supply and price crisis after
2/2022 by deciding on a very comprehensive package of measures to speed up the market
introduction of PV and wind. This move also implemented the government’s plans from the
coalition treaty of November 2021.

The German government has decided on dozens of specific measures especially to speed up the
implementation of wind power (offshore/onshore) and of PV. Among others, the following key
decisions are expected to help to boost the market deployment (BMWK 2023):

The newly introduced principle that “RE is in the overriding public interest and serves public
safety”. This means that renewables will have priority over other interests when making
weighing decisions. It is expected to increase the speed of planning and approval processes.

In the case of PV-roof systems with fixed remuneration, the remuneration will be increased from
up to 6.24 cents/kWh to up to 13.4 cents/kWh.

Introduction of the 2% area target for all federal states: states are obliged to make sufficient
areas available for the expansion of wind energy on land.

Wind and solar projects from citizen energy companies up to a size of 18 MW (wind) and 6 MW
(PV FF) no longer have to participate in tenders from 2023.

The expansion targets for offshore wind energy have been significantly increased to at least 30
GW by 2030, at least 40 GW by 2035 and at least 70 GW by 2045 and are legally anchored in the
WindSeeG.

Despite the progress made in the deployment of renewable power, there are still challenges to
overcome. The integration of renewable power into the grid and the need for energy storage
solutions are major issues that require attention. Additionally, the future of coal-fired power plants
needs to be addressed, as the government has set a goal to phase out coal by 2038 at the latest.
This will require a significant increase in renewable power deployment and energy efficiency
measures.

The technical feasibility of transforming the power sector to 80% renewables by 2030 and achieving
a completely carbon-neutral electricity system by 2035 has been analyzed in a recent study by
Agora Energiewende (2022), which was published in June 2022. The study evaluates the specific
challenges associated with this transition, in accordance with the coalition treaty and the EEG 2023,
and builds on the recent carbon-neutral scenarios for 2045.

While the study could not address the specific additional challenges posed by the ban on fossil fuel
imports from Russia, it is certain that the German government remains committed to the expansion
plans for wind and PV, and considers energy sovereignty as a key factor in decarbonizing the

economy.
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The expansion of wind and solar PV must be given a much higher priority, combined with a
paradigm shift in the development of power and hydrogen grids, and flexibility resources, if
renewable energy is to cover 80% of electricity consumption in Germany by 2030. Faster planning
and approval procedures must also be established to facilitate this transition.

The phase-out of coal and the establishment of a climate-neutral power system by 2035 will depend
on the combination of 80% renewable electricity and gas-fired power plants that increasingly run
on renewable hydrogen. One of the biggest challenges to achieving a switch to green electricity in
industry, buildings, and transport is the need for a coordinated strategy for electrolyzers, electric
vehicles, heat pumps, and, in some cases, electrode boilers, which must be implemented from the
outset. Additionally, this strategy must be supported by a reform of grid charges, the intelligent
operation of distribution grids, and a comprehensive smart meter rollout. Figure 3-6 illustrates how
the demand for green electricity is expected to accelerate due to the electrification of the transport
sector (through battery electric vehicles wherever feasible) and the building sector, by promoting
the market introduction of heat pumps.
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Figure 3-6 Installed capacity and net electricity production from renewable energy sources in the Agora-Study

(Source: Agora 2022)
Figure 3-7 illustrates compared to the past the unprecedented speed required for the yearly
capacity increase of PV and wind up to 2035. Therefore, the question arises as to what extent this
rapid increase could be facilitated by a targeted Energy/Electricity Savings Strategy and by initiating
a supporting sufficiency policy to anticipate and, if possible, avoid rebound effects.
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Figure 3-7 The necessary speeding up of capacity increase for wind and PV to meet EEG 2023 targets
according to results of the Agora 2022 study
It is noteworthy that the Expert Council on Climate (2022) has identified electricity conservation as
a special recommendation to the government (see below), but there is no public information
available yet on whether the government is acting on these recommendations.

The Agora study found no fundamental objections to a high share of fluctuating PV and wind supply
(see Figure 3-8) if dispatchable generation is used in combination with flexibility resources such as
electricity and heat storage and demand-side management.

Dispatchable generation Storage and Demand-Side Management
Net capacity in GW Net capacity in GW*

85
8 78 76
6 8 6
6 64 6
8
e 6 51.3**
> 45
6
16
15
4

61 28 %
5 46 26.6%* [EL]
12 16
: = 7

2022 2025 2030 2035 2022 2025 2030 2035
B Nudlear Il Hard coal [ Home battery storage B Vehicle-to-grid
B lgnite Other [ Llarge-scale battery storage W Demand-side management
[ Gases/Hydrogen [ Hydropower I Pumped storage
I Bioenergy

Prognos (2022)

* Average storage capacity: battery storage = 1 hour, pumped storage = 8 hours | Demand-side management (DSM) = short-term load shifting
potential in industry | Vehicle-to-grid: battery-electric vehicles that can also feed into the power grid from their battery.
** Home battery storage systems are partially operated for self-consumption

Figure 3-8 Dispatchable generation, Storage and Demand-Side Management

(Source: Agora 2022)
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As previously mentioned, the Agora study was conducted and published before the ban on Russian
gas imports. Nevertheless, it is interesting to note how the study perceives the usage and
conservation of gas. Agora confirms the energy conservation analyses of the Ariadne Study,
demonstrating that it is feasible to reduce gas demand from 861 TWh to about 620 TWh by 2030
through energy efficiency alone. All sectors must contribute to these energy savings, but a key
guestion remains unanswered: how can the existing energy efficiency potentials be realized in
practice? Past monitoring studies have criticized the existing energy efficiency policy package for
being insufficient to fully realize all cost-effective potentials. In addition, Agora highlights the
important role of controllable gas power plants if they are constructed from the start to be “H2-
ready”:

“In 2035, 89 percent of renewable electricity is directly generated by renewables and 7 percent is
generated in hydrogen power plants.... To back-up this dependence on variable renewables,
dispatchable gas-fired power plants are used in the 2030s to cover the residual load. Generation
from these plants trends downward, from 107 TWh in 2030 to 86 TWh in 2035. In the climate-
neutral electricity system of 2035, the installed capacity of gas-fired power plants doubles from 30
GW (2022) to 61 GW. Fossil gas is increasingly replaced by hydrogen, so that the share of fossil
gas in electricity generation is only two percent in 2035. In 2030, electricity generation from
hydrogen amounts to about 13 TWh. This will require 4 to 6 GW of hydrogen-capable power plants.
In 2035, gas-fired power plants will generate 86 TWh of electricity. ..For the successful
implementation of the energy transition, three ramp-up paths in the hydrogen sector are crucial
and must be initiated immediately: hydrogen production; hydrogen-capable power plants; and
hydrogen infrastructure. Starting now, new power plants must be 100 percent Hx>-ready. To ensure
that the production and consumption of the rapidly increasing amounts of hydrogen can be
coordinated in terms of location and time, new hydrogen transport and storage infrastructure will
be necessary. The options of using the hydrogen derivative ammonia in power plants must also be
examined in order to counter shortages in hydrogen supply, as ammonia is particularly easy to
import.” (Agora 2022, p.7) 13
In conclusion, the decarbonization of the German energy sector is a complex and multifaceted
challenge that requires ambitious and coordinated efforts across all sectors. The initiatives outlined
in this chapter represent important steps towards achieving Germany's climate goals, but further
action and transformative planning will be necessary to ensure a successful energy transition. In
the next section, we will examine sector-specific initiatives that aim to decarbonize other industries
beyond the power sector, such as transportation and buildings. These sectors are essential for
achieving the climate targets set by the German government, and there are already a variety of

efforts underway to reduce their carbon footprint.

3.4 Other Sector-Specific Decarbonization Initiatives

In the context of the Expert Council on Climate's Biennial Appraisal in November 2022, it was noted
that current emission reduction rates are insufficient to achieve climate protection goals by 2030
(ERK 2022). The Council recommends addressing changes in consumer behavior and rapid
restructuring of capital stock to meet climate goals. This chapter highlights that sufficiency policies
could be a valid and effective third pillar in combination with efficiency and renewables in
decarbonization strategies. The aim of sufficiency policies is to enable and empower people to

3 https://static.agora energiewende.de/fileadmin/Projekte/2021/2021_11_DE_KNStrom2035/AEW_KNStrom2035_Summary_EN.pdf
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change their daily routines and practices towards more sufficient choices through adequate public
and non-motorized transport infrastructures, energy-saving building technologies, and appliances.
Sufficiency policies should be perceived as contributing to a better quality of life, especially for
vulnerable households who suffer most from climate change but cause much less emissions
(Chancel, L. 2022). The IPCC's special report on Global Warming of 1.5°C includes an interesting
observation on the significant role of behavior change and demand-side management in reducing

emissions:

“Political and financial stakeholders may find climate actions more cost- effective and socially
acceptable if multiple factors affecting behavior are considered, including aligning these actions with
people’s core values [...]. Behavior- and lifestyle- related measures and demand-side management have
already led to emission reductions around the world and can enable significant future reductions [...].
Social innovation through bottom-up initiatives can result in greater participation in the governance of
systems transitions and increase support for technologies, practices and policies that are part of the
global response to limit warming to 1.5°C.” (IPCC 2018, 317).

Finally, the German Climate Protection Act has defined binding sectoral CO; reduction targets up
to 2030, and it is crucial to create and implement action plans to meet these targets*“.

3.4.1 The Transport Sector

The challenge of meeting emission targets in the car-oriented German mobility system has led to
unresolved fundamental controversies about suitable countermeasures within the current
Coalition of the SPD, Griine and FDP parties. Traditionally, the German Ministry of Transportation
is led by ministers from political parties that prioritize private car mobility, which is also true for the
current FDP minister who advocates for the expansion of Autobahnen as a new planning priority,
arguing that it lies in the overriding public interest. This planning principle would give the green
light to an expansion plan for new and larger Autobahnen according to the current Federal
Transport Route Plan (“Bundesverkehrswegeplan”). This “car mobility first” concept is fiercely
opposed as outdated by the Green Party, NGOs, most transportation experts, and is not compatible
with the binding targets of the Climate Law. "Germany does not need more motorways, trunk roads

or airports per se [...]. This is in contradiction to the desired climate neutrality"®.

This dispute is not yet resolved (as of February 2023), and it presents an opportunity for Germany
to learn from Japan, especially when it comes to public transportation and a rapid train system like
the Shinkansen. However, transforming the transportation system to a decarbonized and more
equitable system of “Sustainable Mobility for all” (Hennicke et al., 2021) is a highly complex
undertaking in Germany.

Therefore, this topical paper will not expand further on the topic of transportation. With the
background of this paper analyzing the impact of the energy crisis, this seems justified for Germany,
as the energy price and supply crisis only partly affected the transport sector. From April 2022 (all-
time high 2,27 €/1), to October 2022 (1,78€/l) and January 2023 (2,03 €/I), the German gasoline

14 Cf. https://www.bundesregierung.de/breg-de/themen/klimaschutz/climate-change-act-2021-1913970
15 Own translation of Dirk Messners quote in Bauchmiller, M. 2022: https://www.sueddeutsche.de/politik/verkehrswende-strassenbau-
verkehrsministerium-1.5723704
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price fluctuated, and the state offered a fuel discount, moderating the impact of the energy price

crisis.

However, it should be noted that decarbonizing the automobile sector in Germany is entirely guided
by the concept of e-mobility wherever possible. Thus, the additional green electricity needed to
decarbonize the transportation sector depends on the future role that individual automobility
should and can play, as there are many interlinkages within the context of sector coupling. In
general, two contradictory approaches are competing: Some people expect that the number of cars
(48.5 million in 2022), the average weight (trend to SUVs), and the increasing average horsepower
(for new cars between 200-250 in 2022)'® can grow if the fleet is powered with green electricity.
The German Environment Agency argues that by enabling more sustainable transportation modes
(e.g., public transportation, bicycle, sharing), the fleet can be halved and must be downsized to be
in line with climate mitigation and resource protection targets. There are strong arguments, not
only concerning climate mitigation, but also concerning area conflicts, protecting the countryside,
and raising the quality of life in cities, that the guiding principle of “Sustainable Mobility for all”
could gain more public acceptance then an “all electric car” strategy (Hennicke et al., 2021).

Overall, the transport sector in Germany faces complex challenges in its transformation to
sustainable mobility, and finding suitable solutions will require cooperation and innovation from
various stakeholders.

3.4.2 The Building Sector

According to the monitoring report on the development of CO; emissions in the building sector,
“[Flinal energy consumption in the building sector increased by 4.2 percent in 2019 compared to
the previous year. It has fallen by an average of 1 percent per year since 2008. The savings target
for 2020 (minus 20 percent) will therefore not be achieved” (BMWi 2021, 7). This gap has not yet
been closed in 2021, but the “Expertenrat fiir Klimafragen” is more optimistic about a possible
switch to the CO,-target reduction plan in the building sector. An emergency program became
necessary because the emissions from the building sector in 2021 exceeded the permitted annual
emissions by two million tons of CO, equivalents (115 Mt CO; eq. instead of 113 Mt CO; eq.).

Figures 3-9 and 3-10 demonstrate what it would mean to bring the building sector in line with a
decarbonization strategy up to 2045. Both figures were selected from Prognos/Oko-
Institut/Wuppertal Institut 2021, which modelled a comprehensive decarbonization strategy by
2045. The message is straightforward and has not changed since the energy crisis: gas and oil have
to be substituted by 2040 at the latest through energy efficiency, reducing the heat demand, and
supplying a growing share of heat pumps with green electricity and green district heat. Although
policies and measures addressing the rapid transformation of the heat market as a response to the
energy supply and energy price crisis are not yet as comprehensive as in the energy sector,
important steps have been decided that might speed up the transformation process.

16 Cf. https://www.autolist.com/guides/average-car-horsepower
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Figure 3-9 The building sector: Final energy demand and supply for heat in a 2045 net zero scenario

(Source: Prognos/Oko-Institut/Wuppertal Institut 2021)
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Figure 3-10  Heating structure of the living space
(Source: Prognos/Oko-Institut/Wuppertal Institut 2021)

Below are some key measures that the government has decided to speed up the energy transition
in the heat sector. It is apparent that these are important announcements to reduce CO; emissions
in the heat sector. But compared to the power sector, there is neither a comparable ambitious
target setting up to now, nor a clear Action Plan on how these measures can work together to get
the building sector back on the CO,-reduction path?’:

1| 1st amendment of the Building Energy Act (GEG)

Among other things, the GEG amendment is intended to stipulate by law that from January
1, 2024, every newly installed heating system should be operated with 65% renewable
energy if possible. According to the coalition agreement, the new building standard is to be
adjusted to the EH40 standard from 2025,

17 cf. GJETC Building Study 2023
18 Cf. BMWSB and BMWK 2022: https://www.bmwsb.bund.de/SharedDocs/pressemitteilungen/Webs/BMWSB/DE/2022/07/sofortprogramm-
klimaschutz-gebaeude.html
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9|

Federal Funding for Efficient Buildings (BEG)

The guiding principle for the realignment of the BEG is to ensure that the building stock will
be climate-neutral by 2045. The current renovation dynamics should be maintained. The
government plans to spend 12 to 14 billion Euros per year on financial support for building
energy renovation and green heating systems until 2026.

Guideline for the Funding of Pilot Projects for Serial Refurbishment and Accompanying
Measures

Serial renovation is an innovative method for building renovation that has been funded since
May 7, 2021 : With prefabricated roof and facade elements, including the associated system
technology, buildings are to be renovated quickly and with high quality in terms of energy
efficiency.

Initiative Public Buildings

A new measure to increase the refurbishment rate for all public buildings is intended to
achieve a higher ambition level of

Redevelopment of Municipal Facilities in the Areas of Sport, Youth and Culture

With a federal program “Renovation of municipal facilities in the areas of sport, youth and
culture”, municipal facilities in the areas of sport, youth and culture are to be promoted with
high quality in terms of their energetic effects and adaptation to climate change.

Zukunft Bau - Model Project for Innovation in the Building Sector

The Zukunft Bau funding program supports model projects that test promising research and
development solutions in practice.

Federal Funding for Efficient Heating Networks (BEW)

The BEW provides incentives for the conversion of predominantly fossil heating networks to
renewable energies and waste heat, as well as the construction of new heating networks
with at least 75% feed-in from renewable heat and waste heat.

Municipal Heat Planning Act

A federal regulation is planned to introduce municipal heating planning (KWP) in a timely
and effective manner with a view to climate targets. The exact design of the federal
regulation on the KWP is currently still open.

Heat Pump Development Program and Qualification Offensive

Heat pumps are a key technology in the heating sector due to their high degree of efficiency
and potential greenhouse gas neutrality. However, there is a widespread shortage of skilled
workers, which must be countered with a comprehensive training concept.

10 | Optimization of Existing Heating Systems

Various regulatory implementation options beyond funding are currently being developed
and discussed. The aim is to promptly initiate an optimization of existing heating systems.

11 | Energy Efficiency Act (EnEfG)

The Energy Efficiency Act creates a cross-sectoral legal framework for increasing energy
efficiency is created for the first time, laying down the ambition level of the Climate
Protection Act for energy efficiency.

Despite these efforts, conflicting developments have occurred, as demonstrated by the fact that in

2022, while the heat pump market grew strongly with just under 230,000 heat pumps sold, an

estimated 600,000 gas boilers and 50,000 oil boilers were also sold. With normal lifetimes of 20 to

30 years, many of these boilers would still be in operation in 2045. To address this issue, the
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government, the heating system industry, and the installation business have recently agreed to
work together to achieve 500,000 heat pump installations in 2025. Further increasing numbers will
be needed in the years thereafter to achieve the target of 6 million heat pumps in 2030.

In summary, the building sector's decarbonization is a highly complex undertaking that requires
comprehensive efforts and cooperation between different stakeholders. The government has taken
several measures and enacted policies to speed up the energy transition in space and water heating,
such as the 1st amendment of the Building Energy Act, federal funding for efficient buildings,
funding for pilot projects for serial refurbishment, and municipal heat planning act. However, more
ambitious targets and a clear action plan are still needed to bring the building sector in line with a
decarbonization strategy up to 2045.

3.5 How Much Additional LNG Terminals and Capacity is Needed?
Until February 2022, various climate protection scenarios assessed how to achieve the 2045
decarbonization target in Germany. However, the global energy and supply crisis triggered by the
Russian aggression against Ukraine presented a new challenge to the continuity of the previous
scenarios. These scenarios included natural gas as a “bridge” to decarbonization, along with the
expansion of renewable energies and increased energy efficiency. To safeguard national energy
sovereignty and supply security the German government temporarily put 2 GW coal-fired power
plants back into operation, extended the service life of the last three nuclear power plants, and
purchased expensive natural gas to fill gas storage for the winter of 2022/23.
However, the government's most important short-term supply-side decision was to compensate
for the loss of Russian pipeline gas volumes by stepping up entry into the international LNG market
and building its own LNG terminals. As of December 2022, 11 import terminals are planned in
Germany, 7-8 of them being floating FSRU terminals and three large terminals on land. The FRSU
terminals are expected to be operational by the end of 2023, while the land terminals are expected
to be launched in 2025-2027. The following list provides an overview of the planned LNG terminals’
locations and capacities.
Table 3-1 Overview on the planned LNG-Terminals in Germany, status dec. 2022
FSRU-Terminals (dez. 2022 - dez. 2023)
Name Operator Capacity

FSRU Wilhelmshaven 1 Uniper 7 bem

FSRU Wilhelmshaven 2 TES / Eon 5 becm

FSRU Wilhelmshaven 3 NWO unclear

FSRU Stade Hanseatic Energy Hub 5 bcm

FSRU Brunsbuettel RWE 5bcm

FSRU Lubmin 1 German ReGas 5 bcm

FSRU Lubmin 2 German ReGas 7 bcm

FSRU Lubmin Investments RWE / Stena Power 5bcm

Land Terminals (2025-2027)

Land terminal Wilhelmshaven Tree Energy Soluctions (TES) 16-20 bcm

Land terminal Strade Hanseatic Energy Hub 13 bcm

Land terminal Brunsbuettel Gasunie 8bcm

(Source: Energy Comment 2023)

The planned capacity of all the LNG terminals in Germany adds up to at least 73-76 bcm, which is
significantly higher than the 46 bcm imported from Russia before the war. Prior to the war, around
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97% of Germany’s imported natural gas came from Russia, Norway and the Netherlands. However,
the Netherlands has now become a net importer of natural gas.

There is an ongoing debate about the quality of the supply chain of natural gas to Germany.
Methane emissions from the gas sector contribute significantly to climate change. Energy Comment
(2023) recommends that German gas importers and their suppliers should reduce their methane
emissions by using certified suppliers and transparent documentation of their supply chains.
According to Energy Comment, Norway has the most sustainable supply chain to Germany,
followed by certified gas from the USA and then Qatar.

There are four key questions surrounding Germany's decision to import LNG: 1) How will the
international LNG markets and geopolitical supply conditions be impacted by the energy crisis? 2)
Where will the additional LNG imports come from, and what is the climate impact of these supplies?
3) Could new LNG terminals become stranded assets? 4) What are the technical and economic
considerations for converting LNG terminals to use liquid hydrogen or green ammonia?

The USA is expected to supply a large share of European and German LNG imports. Figure 3-11
demonstrate that natural gas from the USA is likely to substitute for Russian imports under both
low and high gas demand projections.
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Figure 3-11 Gas import scenarios of the EU: Predicting the USA as major supplier by 2030
(Source: EWI2022)

A recent study of the New Climate Institute (2022) questions the necessity of planned LNG terminals
in Germany, as gas consumption will need to be further reduced to achieve climate neutrality. The
study suggests that if all gas savings potentials were used, a floating storage and regasification unit
(FSRU) capacity of around 30 billion cubic meters would be sufficient in 2025 (cf. Figure 3-5 of
Ariadne 2022). The risk of stranded assets and fossil fuel lock-ins from overcapacity of LNG
terminals could be reduced by planning for conversion to climate-neutral energy carriers from the
beginning.

In summary, the integrated decision of the German government to combine ambitious climate
mitigation with security of supply raises important questions regarding the quality of LNG supplies,
the risk of stranded assets, and the feasibility of terminal conversion to climate-neutral energy
carriers.
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3.6

3.6.1

New Industrial Policy Initiatives to Mitigate the Energy Crisis and
Climate Change

Chapter 3.6 discusses the influence of international climate policy developments, particularly the
Inflation Reduction Act (IRA) of the US, on European and German decarbonization strategies. While
the IRA is estimated to reduce domestic GHG gas emissions, concerns have been raised in Europe
over its "Buy American" features, which may contravene international trade rules and discriminate
against foreign producers. This has led to calls for a strong European response, possibly including
EU subsidies, which could create trade tensions and a subsidy race. However, the IRA also signals a
possible paradigm shift towards transformative supply policies and massive reduction of CO,
emissions in the basic industry with state aid.

The Inflation Reduction Act and the EU

The decarbonization strategies of Germany and Europe are strongly influenced by international
climate policy developments, particularly those from the United States, and most recently by the
decision on the Inflation Reduction Act (IRA 2022).

While the IRA is welcomed for putting the United States on track to achieving its 2030 Nationally
Determined Contributions (NDCs) and reducing domestic greenhouse gas (GHG) emissions by an
estimated 40% by 2030 (from 2005 levels), there is growing concern in Europe regarding certain
"local content requirements" (e.g., for electric vehicles and clean energy technologies) and
subsidies that may contravene international trade rules and discriminate against foreign producers
by favoring US companies (E3G 2022, 2ff).

It has been argued that the IRA's nationalist "Buy American" and trade-restricting features had to
be accepted as an inevitable compromise due to the weak majority of the Democrats, complicated
bargaining within the party, and necessary alliances with labor unions. Nonetheless, President
Macron and Chancellor Scholz are calling for a strong European response, which could include the
EU ramping up its subsidies. President Macron has repeatedly called for a ‘Buy European Act’, citing
a possible EUR 8 billion loss in green investment due to the IRA (lbid, 8).

The conflict may lead to a subsidy race between wealthy regions like the EU and US, creating a
massive barrier against fair global competition with highly negative effects on countries of the
Global South, which lack the resources to subsidize clean industries. The E3G study points out that
these possible trade tensions between the US and EU underscore "the need for a green overhaul
of rules in the international trade regime" (lbid, 14). The G7 suggestion of a Climate Club*® might
be a suitable forum to settle these trade conflicts.

The impact of the IRA and accompanying bills in the US goes beyond trade and competition. It also
signals a possible paradigm shift of economic policies. The Chips and Science Act?, a new US
legislation to expand the US semiconductor sector against Chinese dependence with $280 billion,
was reported under the heading "Why industrial policy is back." In the EU, investment funding in
the NextGeneration EU Recovery Plan and the conceptual ideas behind the European Green Deal

19 Cf, 2022-06-28-g7-climate-club-data.pdf (g7germany.de)

20 Cf, FACT SHEET: CHIPS and Science Act Will Lower Costs, Create Jobs, Strengthen Supply Chains, and Counter China | The White House
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are leading in a comparable direction. Recently, Minister Habeck used the term "Transformative
supply policies." This means targeted and massive reduction of CO, emissions in sectors of the basic
industry with state aid to enable investments in sustainable decarbonization technologies that are
not yet profitable on the market.

3.6.2 The EU “Green Deal Industrial Plan”

On May 18th, 2022, the European Commission published its immediate response to reducing
dependence on Russian fossil fuels through the REPowerEU plan (EUC 2022). This plan builds on
the Fit for 55 package of proposals and completes actions on energy security of supply and storage.
The plan proposes a set of actions that include saving energy, diversifying supplies, quickly
substituting fossil fuels by accelerating Europe's clean energy transition, and smartly combining
investments and reforms. A detailed list of activities can be found in the annex of the document. In
this context, the activities can be summarized under a comparable heading like the German
reaction: accelerated replacement of imported fossil fuels and diversifying the supply. For example,
the energy efficiency target by 2030 was proposed to be increased by 4%, and the renewable target
by 5%, both increases compared to Fit for 55.

On February 1%, 2023, the European Commission released its “Green Deal Industrial Plan”2t “[...] to
enhance the competitiveness of Europe's net-zero industry and support the fast transition to
climate neutrality. The Plan aims to provide a more supportive environment for the scaling up of
the EU's manufacturing capacity for the net-zero technologies and products required to meet
Europe's ambitious climate targets.” (EUC 2023). This initiative is a response to the Inflation
Reduction Plan (IRA) of the USA, but it is formulated politely. The Commission lists batteries, wind
power plants, heat pumps, solar, electrolyzers, and CCS among the technologies that will be
targeted. However, the precise product scope remains to be defined, taking technology neutrality
as a starting point, and building on an assessment of strategic importance and identified needs of
manufacturing investment in different types of net-zero products. Thus, many highly debated topics
between EU member states are excluded up to now by this footnote. For example, Nuclear Europe
immediately welcomed the "principle of technology neutrality" and pointed out the EU Sustainable
Finance Taxonomy, which includes nuclear and natural gas up to now. Nine EU countries wrote a
letter to the European Commission demanding technology neutrality, which, in this case, means
equal incentives to be set for both renewable and low-carbon hydrogen, proposed to be produced
by nuclear.

Some criticized the absence of a structural focus on energy efficiency as a significant risk to the
overall success of the plan or the possible detrimental effects of national subsidies schemes on the
cohesion of the EU. Specifically, France and Germany were mentioned, which might benefit from
relaxed EU state rules on subsidies at the expense of poorer member states with limited resources
to subsidize their industries. To enable these member states to support net-zero technology
investments, the European Commission proposed a new European Sovereignty Fund as part of the
Green Deal Industrial Plan.

21 Cf. the detailed communication of the EUC: COM 2023 62 2 EN ACT A Green Deal Industrial Plan for the Net-Zero Age.pdf (europa.eu)
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3.7 Summarizing the German/EU Crisis Response

The main developments and paradigm of the German/EU response to date can be summarized as

follows:

The basic medium-term strategy of Germany and the EU against the energy crisis is to accelerate
climate mitigation actions such as energy efficiency, renewable electricity, electrification of end
uses, and green hydrogen, both domestically and in supply chains for imports.

The strategy aims to achieve strong synergies between energy security and climate mitigation.
The German government expects power generation to be nearly 100% supplied by renewable
energies in Germany by 2035.

As a consequence of this strategy, natural gas demand may decrease by up to 50% by 2030, and
coal phase-out may be accelerated ideally to 2030.

However, there is no strategy yet for energy efficiency and sufficiency policies to maintain the
level of energy savings achieved in the winter of 2022/23, such as with 20% of gas savings.
Supply of natural gas, oil, and coal has started to diversify since the summer of 2022, replacing
almost all imports from Russia by now.

The LNG import infrastructure has been considerably expanded. However, the capacities
planned for installation during the next five years are higher than the historic level of imports
from Russia, which is not consistent with the strategy to reduce gas consumption, and may lead
to significant import capacity reserves or stranded investments.

The budget committee of the German Bundestag has requested the government to estimate
future gas demand to avoid unnecessary costs to taxpayers.

The EU and the German strategies against the energy crisis are focused on maximizing synergies
between energy security and climate mitigation, but debates among member states about using
nuclear energy or questioning the ambition level of decarbonization of the building stock and
transportation sector are ongoing.

In Germany, the debate on speed, necessary public financial support, transformative
governance, and needed workforce for decarbonizing buildings and transportation is
intensifying.

Successful implementation processes towards net-zero require courageous target setting by
governments, transparent decisions according to the guideline of a "just transition," positive
narratives of the common transformation goals, and public participation at all political levels to
explain the necessity of climate mitigation strategies and gain public support and the majority
of voters.

In 2023, political debates and decisions will be crucial in setting the course for a pathway that
achieves synergies between energy security and climate mitigation. The EU often plays a leading
role in driving dialog and political processes on these synergies, but debates among Member States
and within Germany continue.
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4 Comparison of German-Japanese Crisis
Management Paradigms

On the way to carbon neutral societies, Germany and Japan face common and differentiated challenges,
such as:

Both countries have low energy self-sufficiency rates, and the path to a carbon-neutral society
should prioritize exploiting national potentials for energy and resource efficiency, and
renewables to strengthen national energy sovereignty.

Germany, connected to its neighbors by land, can import and exchange a wide variety of energy,
while Japan has to rely on commodity imports by ship which gives less flexibility in term of
transaction amount and no power trade is possible with neighborhood countries.

Both countries are confronted with future challenges of rising shares of imported hydrogen and
derived synfuels, the need to diversify H2-suppliers, and to decarbonize hydrogen as quickly as
possible.

There are also differences between the two countries in terms of their current policies for
achieving carbon neutrality. Germany focuses on the reduction of fossil fuels by renewables and
energy conservation, while Japan seeks for a variety of other zero-carbon fuels, like nuclear or
ammonia, and sees a need for direct or indirect use of significant amounts of fossil fuels, which
puts a higher priority on Carbon Capture and Utilization or Storage (CCUS). However, policies
and programs that overlap in terms of the decarbonization strategy can be identified in both
Japan and Germany (as well as in the EU).

Table 1 summarizes similarities and differences between Germany and Japan regarding their strategies
against the energy crisis. Japan places the highest priority on energy conservation and renewables, just
like Germany. But by considering the short-to mid-term necessity of fossil fuels and challenges of
significant improvement of energy efficiency and limited potential of renewable supply, Japan is also
planning to continue using fossil fuels directly (with CCUS) or through imports of blue hydrogen or
ammonia, and therefore needs a strong “decarbonization of fossil fuels” strategy. In addition, Japan
seeks for utilizing nuclear power as a substitute for fossil power generation. Germany (like the EU) is more
focused on the accelerated reduction of fossil fuels by renewables and energy conservation. Induced by
the energy crisis, In Germany and the EU, the ambition in the targets for energy efficiency and renewables
has even been increased, aiming for synergies between energy sovereignty and climate mitigation.
However, on the other hand, steps have been taken for the massive expansion of LNG terminals and for
diversification activities with regard to fossil energy supply sources, which raise questions of climate-
relevant lock-ins and of compatibility with the climate protection goals.

On the surface, the strategies of Japan and Germany appear to be very different, but it could be argued
that, in reality, there are more common challenges. Firstly, both countries put priority on energy and
resource conservation as well as the supply of renewable energy sources. Secondly, both need to use
fossil fuels as a transitional pathway to a carbon neutral society, and thus have to take actions to ensure
security of supply. One difference may lie in whether or not there is confidence for building the future
energy system completely based on energy conservation and renewable energy, and hence the duration
of the use of fossil fuels as a transitional pathway. This different perspective may be due to the
geographical and geopolitical conditions in which both countries find themselves. With regard to current
policy priorities, there is a clear difference concerning the role of nuclear energy.
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Questions remain on whether and how Germany (the EU) can achieve ambitious climate protection goals
primarily based on renewable energies and energy efficiency under changed geostrategic conditions.
Japan faces the challenge of developing a decarbonization path under the special conditions of an island
state that generates minimal risks in the long term and is prepared for competition on global GreenTech
lead markets for renewables and energy efficiency (BMUV 2021).

Table 4-1 Similarities and differences between Germany and Japan
® High energy prices ® Physical connections to other countries
® Mid-century net-zero targets »  Germany: Power grid, pipelines
® Finding ways forward to reach net-zero > Japan: No connections. Transport by ship.
targets specially beyond 2030 ® Dependence on Russian gas (before crisis)
® Promote energy and resource conservation | | ® Energy mix and scenario by sector
® Promote renewable energies »  Germany: Strong emphasize on REs

® Limited domestic resources compared to > Japan: Various zero-carbon energies including

demand. (import dependence) decarbonized fossil fuel and nuclear power

»  Feedstock, synthetic fuels, renewable
resources (energy carriers*®)
* hydrogen, ammonia, etc.

® Focus on recycling
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Recommendations

Heading for the highly ambitious goal of carbon neutral societies, Germany and Japan need to work

together, learn from each other, and understand each other's strengths and weaknesses. Based on

the similarities and differences between Germany and Japan and comparing the strategies against

the energy crisis, there are research questions which should be addressed jointly:

1.

Which national technical and cost-effective potentials for energy and resource conservation and
renewables exist under sustainable framework conditions and resource restrictions, and how
fast can they be implemented by specific policy priorities?

How far do changes in social practices of using energy but also growth/rebound effects have an
impact on the amount and the quality of energy consumption and what role can sufficiency
policies play?

. What are the pros and cons of options to replace fossil fuels in both countries, and what import

strategies especially for green hydrogen and derived fuels can ensure economic and
environmental performance?

If there is a need for short-term investments in fossil fuel infrastructure, can it be constructed
convertible into infrastructure for hydrogen and derived fuels? To which extent will there be a
need for decarbonization of fossil fuels in the medium term, to achieve long-term climate goals?
According to several studies (UNEP; IRP 2020; Pauliuk 2021; Acatech 2021), ambitious climate
mitigation targets can be reached easier by integrating Circular Economy strategies. How can
this policy integration be adopted in both countries?

How can the structural economic change and the developments of technologies, systems,
infrastructure, etc. for carbon neutrality be accelerated and how can it be managed as a just
transition and accepted by the broad public?

Can the gap between government climate mitigation targets and their achievement in reality be
closed by legally binding targets and stronger governance, and what specific actions and
management tools are needed up to 2030 and beyond?

While analyzing and comparing these national options and actions for both countries, the global

frame conditions, technology markets, and trade agreements should be considered. For example,

renewable energies and batteries are being developed around the world, and their costs are falling

rapidly. Energy carriers such as hydrogen and synthetic fuels are closely related to renewable

energies, so it isimportant to approach national potentials and relations to import/export countries

and regions proactively by an ecological industrial policy.
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