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MEmRERREM L UTHHA, -7T0C~-60CEDIREE: 48 REm. #FT SMEFAEL TV 5, EEIC
EM e RHIENTIELD, FEAFO—NDE S LHEDOHFIZE R/~ M AREN/MEETH o7z, EERD
VIF VEBRDFIGTEN AN G I N/ LD CERDOFREIN G U CTHRAMIS AR L —AD—2TH S,

3.6.2 EERILE

Ql: HRIGEWEZATORMEFAIZERUTIIMF TORD T O 71—V - BESHE N -/2ZE 2 H3E LT
W5DH,

Al: ZAE PRETLTORDIIHERE NS EIZENZ T DORBEZ > TS, A ST ERE
THd, MFNSDEEZFFATLHLENI L TIIR EEICHAIZBAZETRL, TOREFFTIXENnE
WHZENHILTHD,

Q2: BEIZDWTOENHARIUTO DD,
A2: L=V DRA VN EAYT 2 FHFT) DEFEH IIZIERLTWS, fidihoDE % %8 L CH FREEz
FEAUTIRE OFRER ILICE IS T2 L #RETL TS,

Q3: T ANF—FRKIZDOVT, KBEZRINF—IZDOWTDREFKILE DL DRI,
A3: KEBZRINF—DBEFKIZIL TR,

Q4: KB ANF—DIRFEE LTI IS ATDY,

Ad: SR TR BEAVNIL £TETIILIFEEL, HAFFEAT T, B ETBD D3 b,

3.6.3 Fifk-F&®
ZAE NA )V /TR THY S a VAV DONATI7IFET) 7 (HATOIRIFED L 574
TVTVEEZAZTOITHD)D—AIIHEZD, B - BB OERMIEBL USRS TH -7, FHXIZI



MENSA D771 2728 &Y, HFEHEE - FEERDEBL TV Th o7,

ZAE NATVUE, 2022 FIZFINA DV MREFAICE S, 31 FEfICh-oEDE &R 2K T IN
2ZUTHY, ML UTEBICI 23N T\ 5T, RT3V —OFE I AT -5 -FI%E
HED TR TH 7=,

HODIMFEDEFITE - BRASFIRHMEL TV LTV ERANZE T LTS ED(EEEEADIGH)
MOEIEERME (LA T NEE) DEDE TIRILWN, B-ZBERII—BL TSIl RAIVIZEWTEEDOMR
PIRNEREDBETH DL DFEEIMBRSIRNEA S,

RAYTld, BAEPT % ZGBEBFICEZEL M, B PR DB ED L EHE IR DL T HERLED
BB EEDDIEERA VT TREDERTH DI Z—T1y TV THIHEATETEY, BB O IV —FIH
MENTOZ2XR, BLABEADIANIKIBIZ TN -/2Z 8 TRDEMIEEARFNFEONE LS L-7-
2l BUI T AIVE — O I AN B ES ZHENT OIS, BT AREE N 2 BMERICERTS
AN KRDSNTEY, ZAE NA TV DIFEETNODERIZHF L TR, HAHEEZED TS,

WSDFEAMETITHANGHAERTI813, ZENERS-DHLNEBDNSEH, HSDI S RFFEAN
DEENIE 4~ ESBOBIME, BOBMZFOLEFIZEOTHROHRIT THINXEZSS,

ZAENATZIV &Y EDOBBELKI, KOBBREZEIIRATIE OS2, BB IZE RSIEHHOER %~

BEL T O mAIMTM DI & Z 1T 72, THIXBIEH RDEBEXEE LRI ANDINEXZLRKUZMN, RAYHN
CN2HBEEZT. EREEABENTZOIZBELREDE LT, BLA2M AU CAELE 2T 5 — MRV T (B
T, HP) DY KADED A DI ZEF TIZE L,

RAVIIERINGEEE DS S, BREENREAIL RIEZAINF—HEIZHEDIBAEZEZDE GITELE 56%.,
ZORIFEDLAEMEIERIZ, 2 AL ZEDEEE LR 80%BLIEFIZBE V. LARBIOERE2IIX, BT
BRI TR, RAVIEHP ERAEEZBIF, W< ODDBERE T 7=,

02026 FELAKE, FIRERIZBII 2 AHMBREDR L, QGHMNS HP BEANEHUIGE. 3R IEE 45%%
wh OBEREER IS0, 2023 FELVETARBSFE L, RMYOBETARE, AL 19%., KB%

8% . NAAIREL 8% &, BRMDHF TIFEHIE L BERIZKIBIIRNALND,

HP O RISE 2 EEIZMBOTHY, 2021 ERETH 18 A& (BT 3 BEIZAXWHE), 2030 £

TIZIE 550~600 HEIGETHLFEINTVS, ERADFREIL, A=Y vIVIAMI T AREICHANEL,
K‘“**Jr:lxl\%jaxkttf\fﬁ"liéﬂ'&ﬁb\ ETHb,

IZEBBHRHLEMEEL, M (BREHIDESBSICADLETHAZHIE) IHEZ S5 260
5& ’)&(f*%‘@*ﬁa]‘?b\@&)bh’clné ¥/, BLTIE HP BRBITEDLZEEE OB ANREL, THIC
10 HAFLEVSZLEH D, HP BEDILKRIZANT HARGHARAT—DREFEEH HP FEICEHEHN
FTHIENARFINT WS,

EEEon<, 2050CN EHIZ[ENT T, 5% DETAMUEE, HP, EROBEMNERADEEEIRIND
Tl ZAE NA TV DFEfi % HP WNASE KR T2 HARTHRARIIENTIL2EZ THAL,



BAE F—ANT(T1—V)
4.1 74— DB

Z— AN 7HFEL, I—OvNKEDIZIFFRIZABL, RAYRAZV T FINYH)—RE8HENT
EEN-NEETH D, BT EEITHNE.475 km? L HADILIEGEL IZIZFFE U T, B LDM35D2%2 7 IV TS A
WARDYE &, BV L -7~ F (LKA, (LR DHEMZLY | ENZERICEENTVWS, AOIFH8I2HATH
V. BEREIIRTYVEELRD,

BHET 14— % A— AN TEEIAIBE L, ADIX197 A ATHARDILEEILRTH L FREL L->T W,
EBRE F 1R (IAEA) S ERE T 2FAFHME (UNID) 22X DEEEHBI DAL NBE NN TEY , EEAHE
UTEBRHLED—DTHdL L EIl, TENBF TIIMMEL ORTAVER LRI L E/HBD—DTH 5,

14— DSAEIT. BERIIRIGIZE O, ERIE BIZE-TE—RIZ35 C2EB LI NH M, IEN
ZTNEEFLSBODTELEIZRUS HIFALW, EEDFHERIRIF22~26CTH D, LFEIFI2ANS3
AIZNT TEHE TRENALN, KEDEEJIRIIZERRE TH D,

4.1-1 A=K7 94 —2DfiLE(Google map)

JO4 T FIKAFESERN

—

O

4.1-2 74— (Google map)



A—AN) T3 ALEBRBIO AR 28 AIREZEL TS, 2020FIZIXARDIT. 9%, AHDIT. 4%,
KARHTADT3. 2% HWEALZ>TNB,

EHNDIZANF—HEEIL. NAAYARKAREBEMREIANFY—(UUTF, BLA) DHEE &0\
ZEWEBTHD, EXBHITIADHEBNAIIEMTE—H T LRREHEEEIIAXFEALTEY, 2020
FEDLAREMREEITH65 %L B> T\,

A—=AN)TEAIZI BFAFEEFRIZRO, TN 7SEIZERRETRRLLIEN) DR FDEEL %
TR, B 5EADFHEE R IEZREL-HDTHY, EEORERICIVIEFRFDERE U-ETHS,

F/2 A—ANTIIRELEN LB IAETHY  RTINF—HEEDI0% U EABFLALL->TWS,
2021 FDHIABNORAKBEITTTIEIEIE. KAIFKBOEEN60%. BA10%PNAATA6%EE
HETE0%ITEL TS, A— AN TIIEXT VT AUBRDENY . E D35 D2% 2 U AZRILEHFE G
DTS, ISIZRFINNRA V)N ZIZUDE UZKENENRT DL <H D, ZD7=DEMNIZIE3, 0000
Fra B2 5K W FEFMHY . REULZENIXERNZIT T MEIZEEHHLTHS,

& 4.1-1 EROERIHRIRIF—HES K412 A-RRNITPICHTZERIDKER

2020 IR B ULENBHEIL, 2040 EETOH—RYy=a—bIVERK, 2050 EXZTDH—RY 7V —
ISR M RDZERE NS BREZFRK, /-, 2018 FITARUAZ12030 ERJUIEEE) - T 4)LF — EFKERE
(Austrian Climate and Energy Strategy) I Ti&, 2030 £EZTIZENDENEES 100%HBHLAT
RO A BN NDRFERIEIE DL LTS,

BEECTRLL, BEEA AN 7 E2HHD 40% LA CRE L TV 62,

SE HR)
HJETRO Hug- 434 L AR — b #2173 TR A AL KR | DDA (A —ART)
https://www.jetro.go.jp/biz/areareports/special/2023/1101/a66fae2d091f84cc.html
*2 WIEN ENERGIE HP
https://www.wienenergie.at




4.2 Freudenau Hydro Power Plant(78+ 5wk 1 FEA)
(HE¥]2023%E118 21 H*)10:00~11:30

(357R ]Freudenau Hydro Power Plant(70+ 5K FHERR)
(8iBH]Herbert Wagner & (Verbund Hydro power Gmbh)

4.2.1 7=7 7V MER & OBE

IO T UKAKEREERETD 777V MEREHE (Verbunt Ag)ldk, A—AN) 7 D71 —NIARHL
aBELA— AN THRRDENEMETHY, A— AN TBHFD 51%DREEHFEELTW\D, /- EEMDOEHE
BHEHYTDEA—ANTRAT—=)w Rk &4 (Austrian Power Grid AG:APG)*, K HFEEBEFROEHE
BHEYTDE7T7 TV NKAOFEEERSH (VERBUND Hydro Power GmbH) &2 & TFIZEL,

TV T VNEDFREERIL. KAFKEN 9 EI LR HD, FROISHERE - BAOFKE - KBHEFREL LT
BV 100%BEFREZANF—(LUT, BZR)IZLSHELToTWV5,

TV T UMNMEERFDII A V)P D=V RI—7 7)1 EBR/DOEFEE, FrLee Tk 130 D
KOFEFREFEELTEY, REEH L 8,300MW 2825, ANFEEBELKNFEEFRLRBREEGFRELT
W5, KAIFEEITIE 2 BEOREAANHE0, BRFEIL T3 130 fEFZDOND 103 fE%AFRIAA
R, 25 MR EKRTH S, HKFEBIIR TR T THAL, BEIZEKUTHRETLILIZEVEND
BRI AL TS,

RFVINTIEER 4.2.1-1 TR T XIS A—AMTERIZ 9 D, RAVIZI DK AFEEFREHEBE LTS,
(2013 FEIZ, RV DEH S E.ON EDNA IV NIZH B 8 DDIKAFKEFIOMRAN 77 7V MED
R o7, ZDHIZIEI v A Y a1 FER (KW Jochenstein) W& ENTW5, ) RFIJIIDA—A

NI 7ER®D 9 DDFHEEAZII T, BFEELH S 2,060MW, EBFEEE 12.4TWh IZDIF), A—AN)T
2RDEHEEE(68.53TWh, 2021 FEHE) DK 18%DEHZFHKEL TV,
F—AN) T DEBDKAFKEIZLSZIFREEIT 42.5TWh THY, ZDHHDH 29% (12.4TWh) & RKF)I1]|
D9 DDFEMTHEL TS,

LAV, PV T ALARE KIFE Uy AL ADSA—A RN T EREHURCY Oy YT TRIDJINTIEZRA TSI
%= 4.2.1-1 27T DB ISR FTINDKAFEEMR (2023 F£11 BIREHP £Y)

HEHN | EHRER EIN N
FHEBHE . B Hokz a—Ev
(MW) (MWh) (Btkm)
PRSIV LS
s i 132 850,000 290.00 | 1956 RAy HT5
(KW Jochenstein)
T¥x A
7B 287 1,686,400 280.00 1964 F=ZbUT | HT T
(KW Aschach)
FYTYRANA LT 4N v T HERR .
. . . 179 1,134,900 264.20 1975 F—=REVT | hTTv
(KW Ottensheim-Wilhering)
T7I4vT Y TAT VEEN o
. 168 995,700 251.00 1980 F—RMUT | AT T
(KW Abwinden-Asten)
Ty Iy g—F)bbx EERFR o
X i 210 1,318,800 240.00 1969 F—=RbUT | HTT
(KW Wallsee-Mitterkirchen)
Ay TR Ry =S EEBR
i = 236 1,335,900 226.20 1960 F—=ZRbUT | HTT
(KW Ybbs-Persenbeug)
AT FHEF
FE 187 1,221,600 214.00 1982 F=ZbYT | DT
(KW Melk)
TIT T b b FERT o
N 328 1,967,600 193.50 1976 F—RbUT | ATFv
(KW Altenworth)
T4 T2k A FEER o
i i 293 1,717,300 177.00 1985 F—=RbUT | HTTv
(KW Greifenstein)
VA= 7AATFIRER _
10 X 172 1,052,000 161.35 1999 F—=ZbUT | HT T
(KW Vienna-Freudenau)
“Et 2192 | 13,280,200
BEf 1Ty Ry Y224 VEERER) 2,060 12,430,200 - - - -
X _LIRODIK S FEEARIE

XkW:Kraftwerk (F6EfR)



4.2.2 V¥ UTF—va gE

TUATFUKAFEERIL FIEFRENT T L ATEORERIFIC 4 £, FBERIT 5 FENT 1998 Fi
8 T U KR ATRAVAABIDIK I FEFTTH D, BRERIL 11 E 3 FH€3 1,800 {EMH) T, &E&ERHD
40% WAV 7)—bDOEVP I ARIEEBRATHY . M EOERITLAED SN BETHD, A7V —tD
EREIZ 140 F m3THY, THIEEEER 350km (714 —2NS RV EBIZHE IV TIVITETD
PERE) ICHHY T 2EL D,

RFIDNNIRAY INSA—AN T &REH U, IR, KR Z FE TV—v =7 A TRBIJEVD TS I—ay N
T2EBIZRWITHY, A—AN) 7EINTIX2 R 2,850km, B{EZEIEA—AN) 7ERNT 150m T
Hd, 70T FIKNFEEL 727 TV MERRFININEB U TND KN FEFR TIEERE FRICALEL

TW5, M 4.2.2-11270A4 7 FUKAFEERODERERT 7HAT FUKAFEEMOERKIE 275m.
EEIX24m &5, D ETFHROKAY 8.7m 2FALT, 30m HETHEIN/ 6 EOEKRLATITVH
IKEIZE D FEBEITOI TS,

ATV RKEIX, A—AN) T DT 4T N AT TN &> THEIFIN/KET, TORFZROPIHRE
(GUF)DPMBDAEEEFETEXL-0, HAZRBETLHIILNTES, KEIX X—EVPIHRE, FHEH.
B AN —FRETHERING, F—EVIMREDERIL 7.5m HY, I—1v/ N NERKTHD,

KEE 1 EH72) OF T EIE 500m3/s, H771% 30.3MW (8 FHtHHLDES). 6 EEET
3,000m3/s OFt FRESI L 172MW DOHAMHY | FRHI A ERE A EI 1,052GWh 725, ZHudA— Ak
D7 ERHEEEZE DK 2%L 705, /-, RFDINID 9 DDKADFEBHRIZEZHKEEIT, A—AN) TEIRD
BEAMFOHEEENELVES W=D, AAMFDOENIETRFIVIINE>TVEEEZD,

F/-, VA =70 —EEDORKFEH T — e 4 ERATHY (K 4.2.2-1 (BEE)EHD. M TIEEHIZ 1 E
LD 500 m3/s. GEFTH 2,000m3/s OBIKMIEEEF A H D, KEIZL D FE 3,000 m3/s Ltk
FEIT—bDFR T E 2,000m3/s, & TRFV)IITHI5,000 m3/s DFETFREA2E TS,

I5IT, MRAAOBTHORMEREIN TS, (K 4.2.2-1 (EE)Zf)

4.2.2-1 JOMTFTIKAKEFRDER(FE)



4.2.2-2 hT509—ERERDIE (/N TV EELY)

4.2.2-3 HKGRER T — bERDMTEB (N T Lk &Y)



4.2.3 BGHEERI

4.2.3-1 JOAFF+OREH (BH) 4.2.3-2 MFM(5R)

4.2.3-3 TR IL(5H) 4.2.3-4 NTSUKSER(TH)

4.2.3-6 W75 KEDHMA(FE)

4.2.3-5 hF5VKETE(EE)



4 2.4 EEILE

1: KAFEFRDETHE, EFRITRLHAMIX
Al: 19865&51'?5’5:55%‘[/\ 75?51’5:;%"@1/\ 1993 FIZTERB, DPED TEHIRIZ R TI998FIZ5E
U7~

Q2: 77TV MEOFEE. (RERERIE

A2: IHoDfERIE. G ELIXEE TH o7 BEXED 51%., RE (777U ML) M 49%DFEL
2o TN, 727 7V MEIFBEIAFRE R T, KAFEAAR/N 130 faske E 15 ERT130/ER
REGHFERT IR &R, KAFEERT 130 fEER DA, 103 fEsE M RIAARTH 5,

Q3: 777V MEDOFKEEL,

A3: 77T UVIDMRFEEED 25% 0 9 DDKAFKERMNSESNTHY, A—AN) T DKAFKE
1 50%DENEHIEGL TS, A—ANTIL HED 3 5D 1 2KA, BAOLKBHIEE 12% T
H. 2EBHD SONEENBEIAHEKTHD,

Q4: FEEHER L OMMEIL. REMBORMLEIHDDMN,
A4 FEERORMREIX 30m, ZOFERHIRED NH L DT TIELRN,

Q5: 777V MBS EEE 21T o TORVDD,

A5: HUIBBEBEOMBEIZERVMEZ T UERSRVEE-TWED, Yitidiga B EREE o TR,
F—=ZRN)7IEAO 900 A, YBEHEIBD_—X —TAX—=F ML T4—2T £5D 400 FAD
FEATWS, ZINHOMIEE 72> TOS DT, HISERE D20 H D, 72, BRIND KR X722 ABERS
DHH, 1~3 WA —ANITIZH D, TD 1 HEENZID=—X—TAX—IF/ MDY T VTV
TNo, 2 BEIZKREWTalya—7, 3 BENV Y TIY, TNGITHIBEE 217> T\5,

4.2.5 Fr-FL o

01T FIKNFEEFIL. 2F 275m OEN 3 DO FVIZE TN, e EFFRISET /2O DR
(Z5B A, X 4.2.2-1 D), LIKAFEFR (X 4.2.2-1 OH &) BKEEE 77— (X 4.2.2-1 OEHD) 1S
BRIN TS, BREFIKERRNAABITHY  IBED_ETFROKAMZE 8.7Tm 2FALT 6 BDATF
RAKEIZEY, &K 3,000 m3/s DKET 172,000kW DEHEEAHT, 750 RKEIFEDE T
IZERE I N, KBERMEL OANDLRWIEREICE B2 Uz, £72, WK — NI 4 &ET
#7 2,000 m®/s OEAKMIREE N H Y KEIZL D FEL EHOE TER2ETIEFN5,000 m3/s DRT
BAMNHELDIL T, ZOHRBED KX IIZENIN,

ZA—=ANTX B LD 3 5D 2 MBIUEHE T, EZDHDM)IELIKAREITELTHD LN S, EAN
12 3,000 DA EDKAFEEFRNDY  KOIFKBEIIA—AN) TDRFEEED 60%IZDIED, /-7 DAt
KK BA NAAYAREDBEIMNILDHEELEDDLH 80N NHILACLIFKELR>T\D, £/
2030 EFZTITKNFEEL X512 5,000GWh, KBEHFKEEE 10,000GWh, EHFKE% 11,000GWh,



NAAY2AFEEZ 1,000GWh X T HEH 2 THHLTVS,

—7%. BREA)ID% KEJRIZEENTEY, KNFEEIX 130 FOELEDNHL. BRIZE TS KNFEE

DFEEHRIIRED 7.6%L A—ANTIHNTNIOD, RETEHKORERHEEEIL 50GW (HFR
oL, EMMRFEERIX 86,300GWh(2019 ) THY, A=A T DK 2 EDHKEELFE>TVD,
BIEB O OPDKNFEEM 2 BARENTEFHES LUIERFTHY, 2030 EZTIIKNEEES
98,100GWh(H#EELET 9.2%)ET3IE LTI L BELH/IT TS (K 4.2.5-3), ZZUHARTIEK
R ZEDFEEFTIIBRFERE A THRAFBELK I FEEROERIFE L, ZIT—ANTE
FIRRTHY ., SRISH/NKIFEBEDOEFCBERK N REAMORBERLLIREETY Y T M->TW LI
BHETHSD, e, KGHFEEDEN & AV THKAKNHEEL BEDRBEEHNDHLEEFITHKLUTES
XEEICRETLIRE INETLIIELRLGERMNEZ TEITWS, KNRBIISBREEELIECIEII TR
LEALEOKADRT VY vV EBRBRENLUTOKIENERITLLEDERDNDS,

0t
41,99075kW

R
13481,020 kW

TIUA
2,581 kW
3] Z=]

3,25975kW
AF

50235kW B -
S0 7T 5,394 F5kW
4.2.5-1 BROERBERK (2022 F) 4.2.5-2 KOFEEEAEDEIRLEER
(B ERIRILF—FRAEIRIVF—HET BRIIR) ({88: IRENATRenewable Energy Statistics 20191)

4.2.5-3 BAICBI5 2030 FOBIFMHER (st ARTRLF )



4.2.5-4 R55K(FH)



4.3 Spittelau Waste Incineration Plant (¥ 2w Z AgEH1E)
(HE¥]2023%E118 21 HK)15:20~17:10

(357 ] Spittelau Waste Incineration Plant (¥ a2ty 5572 ARER1)

[3%BH) Georg Baresch (Wien Energie GmbH Energieberatung (T V¥ —a % IL5127))

4.3.1 =
(1) SthmprzE=2
F—AN) T B ARDHIK T 3V ¥ — T 1N 4 —(WIEN ENERGIE #t)
- MEHEDR R A ) R—Vay SURREANDRENRRANDR | L DS# 21815,
- i AFEE S Wiener Stadtwerke DF&4t
- FER2EHAANER VA BEBE) EAN23H
- MBS 44 HitE
(T4—rHEEHRRD 1/3 12 WIEN ENERGIE OHUSIEE*E%235)
- ZTA LR tELIAEND ZADIRE
- VayTIUI ARG EDT 41—V THAOD 4 DDORBERREOEMNIERES 100 7t
- EffiFEE 301842 HHE€(2022 F)
- BAREOZEME
- 2027 FETIZ12.9 BEDKRE
(SRR - AL ORER - BAEFRET XL F — (LUF. BT R) DIEAARELT)
- 2040 EFTIZH—ARy=a— I
- 400m BIZEV ERABAT—VaVDFRBENHY ., ENMIVBEFEZERTSuper Schnell | : 7744 /8N—
BEFEZLFEITITVS,
- FE 2,179 &4 HEAE 49 &

TavrIv
Z HERNIS

4.3.1-1 BHHaBIER R/ BiRIE/ /PR



4.3.1-2 a1y 75O HREGAER (Google map)
T aw T I AEHIGITT 41— HDEE 9 KR FEMIBVNIAIE L., EEIZIEY 2By TS BR0E R
Fe., REBRBRDH D2 NGB DL WEFIZIIHL TV S,

4.3.1-3 V1B F I HEHNISHNE(BE) 4-(3-1; M9 S WIEN ENERGIE
EIL(BEE

(2) TV VTF—ya v REHs

@ I—=F4 VI N—LTDHHA

- 1969 FIZEIL 1971 FIZTABEHI5% T (LR Heizbetriebe Wien &4t)

- 1984 FEITRETREDBRE D/~ DI EMEA % % E%

- 1987 £ 5 B KFETLE. 2 FRHE1E, ZORIZBIDBARIC I A2 ML LTV,

« A—AN)TTIE 2009 FIZZTADEDI TEEIETEILITRS 727280, TABEENIG O REAEZR N NEL



ol

- MOV —VHRANVA—N YA IDE Y a it FTUNVGRHIBITIE TEDRSETH-TIRST,
L UAFRIZEIFNZZEDE UTEREINEIRXZL NS EDE ST,

C THALF—DTV—=FT VAT - TV TINT 7yH—(1928~2000 £) H&Et. FHEEHES, LHIdH-
TOWEN, OXNORERZHTIE @QU4—VFTIADESTE2TEIE QESDHEEDTESE LW
ZE(BADTHFALNIARENDRNIE) & (HEEFXZITE5M4LLE,

-1992 FHEZET

- U4 —VDOBEEYIZE TSI A

O ZTHAEDEETEIL (BRI
@ BRETAIL - TaONYTRIARNLLY
@ VYA - BHEIE LTS
@ BFATHIIL
® BWR<ZL
(EEE 5 EHEDHECAHNDBEENESTND)

- BRBGIZEITTREe—MNRY T (LUF.HP) DFREBEILEE2 LTS,

- 120m DIEZED EERIZH B EEDERFENIF a w7 VARI (N THRIDE) BEEY 2 LT3,

- NOx /SOx / XA AF¥T VEDOBEHELEIL, MHETIIR O AHEEIE(EU, A —AN7)D 1/5 BETH

Y, +om~L T35,

@ 77 MRS DA
- ZANER 2 B/ HOWA  BOMEEBURNE SR> TEY TARADIFEZ LTV,

B 4.3.1-5 b5V ORT—=IV B 4.3.1-6J3IAN(EE)

- R F7—IdEY 35m, 16~18t/h, HIZL->TIiZ 800~1,000t/H. 27 7 t/F DEEHL
© RAT—ANFIZA%E 10 5 ~15 FBXTHRAL 17 BETAICESD Y =27 )VERME, IR B ENFIEH,
C BEEDOTUTNNT 7yl o TEERBRETH I HRDLIITTE 12 2T TRLIZIW A TV,

BHERIIEELR->TOSEMEDHD,



4.3.1-TR1S5—ADB AR (TE) 4.3.1-8 FIEAR—Z (F 3 BETVF) (BHE)

- RBERC XD FRE USSR AL RO TREE R TEENSBEH I,
EMEI— I AR RINU7 AR 7 V8 — (HEMRNT T 0V 8 — SMEIR HER R, RER%E 2V — 72 77 A0
TnsHEE)

SPA AP (HIERAZ N —T P, KB HP CEHL THIAEINTS)

—PRERL SOX- X1 AFY VkRE

+ THA1t(100%)ITH 3 BFRBYE. A5 220kg(22%) (AT 7 a0 V) — b AR+ BRI BE DR R

D—ELUTHA) > K 16kg(1.6%) > 71V A2 —r—% (JEEFEEY) 1kg(0.1%)

© TNV E—=r—FIZE N TRE TELRN O R1Y DRI (B N> TVL,

4.3.1-9 PEEARILETR(SH)

6 T () ORI TIRR 60MW (54 16MW IR T ). % A0MW % 5 F ORI
BR 14MW(EZ 6MW) 2 LT\ 5%, (FEEREEEIZE 500GWh, & 120GWh, MERFEEE
400MW*4)

- KEESRIE (2015 £ THITEY YATLADEEZNERD T0% 55 76%IZ M £, *
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2.2 Introduction to district heating in Denmark (Ramboll)

Ramboll Ramboll in brief

- Independent architecture, engineering and consultancy
company

- Founded 1945 in Denmark

- 18,000 experts

- Present in 35 countries

- Particularly strong presence in the Nordics, the UK,
North America, Continental Europe, and Asia Pacific

- Creating sustainable solutions across Buildings, Transport,
Energy, Environment & Health, Water, Management
Consulting and Architecture & Landscape.

- EUR 1.9 billion revenue

- Owned by Rambgll Fonden — The Ramboll Foundation

Geographical footprint, Ramboll offices Global Markets
PR
Buildings Transport Architecture & Water Environment & Energy Management
W K closel ourt N Landscape Ramboll's global Healtl Ourenergy Consulting
e workclosely | Our transpor !

with investors, specialist work Our team of water team One of the world's | experts take a We assist our
a3 contractors, together with architects, creates value for leading holistic approach clients on their
bogum 3 developers, national and engineers, clients and environmental and | to supportingthe | most challenging
P tenants to transport designers, and societies by health energy sector as tasks of today and
Crina 3 provide authorities and specialists remain | converting consultancies, we | portfolios and help them be fit
S buildings that cities to develop | 2t the foreffontof | challenges related |~ are trusted by strategies change | for the future.
Faroe tsiands 1 are holistic mobility new technologies | to water, climate clientstomanage | through the green
e distinctive, sust solutions. toproduce world- | and sustainabiity | their most transition.

o h ainable and class design, into challenging

P designed to creating places opportunities. environmental,
Hong Kong 2 meet user that progress health and social
o, B s, society at large. issues.

Presentation and back ground

+ Ramboll has a role in the Danish green energy transition, all over Denmark, in
particular in the integrated Greater Copenhagen district heating system. In the 20
municipalities and more than 20 utilities we have e.g. these selected references:

Wwind & solar + Planning of most of the heat supply for district heating pall

Fields of expertise

ities and muni
Green hydrogen and Power-to-X « Planning, design and supervision of district heating projects for utilities
+ Design of the three waste incinerators for the waste management companies
« Design of the two large CHP plants and heat storge tanks for the power utilities
« Planning and design of Taarnby district cooling system
District energy «+ Anders Dyrelund
Bioenergy + Energy planning since 1979:
+1975-1981 Engineer and energy planner in Ramboll
+1981-1986 Civil servant and energy planner in the Energy Agency
+1986- Energy planner and senior market manager in Ramboll
« First heat plan in Denmark for the city of Aarhus 1980
+ Heat planning mainly in Greater Copenhagen since 1979
« Transfer of Danish experience to 25 countries since 1990
« Urgent planning of district heating to replace fossil fuel boilers 2021-

Carbon capture, utilisation & storage

Energy infrastructure

Waste-to-energy

Energy-intensive industries




Content

Introduction to district heating in Denmark — regulation and prices

The district heating infrastructure in
Denmark 1903-2030

* DH in almost all urban areas (DH green, gas yellow)

+ 400 DH utilities with local democratic ownership - public
utilities and consumer co-operatives - started in 1903

» The energy crisis in 1973 and 1979 stimulated to more DH
« The Heat Supply Act from 1979 boosted the development:
« Objectives: cost-effectiveness, reduce oil consumption
« Ensures cost-effective projects and zoning
« Tariffs can only include necessary costs, (not for profit)
«» Option to enforce connection provided it is cost-effective
* Municipal guarantee for 100% financing at lowest interest

« Fossil fuel tax stimulated efficiency and completion of the
projects, which reduced the dependency on fossil fuels

+ 2022-2030: More DH and individual heat pumps will replace
the fossil gas - integrating the fluctuating wind energy

Market share of District heating is
not the most important heat supply

5
1990 95 00 05 ‘10 15 20
Heated floor space
~——Final energy consumption

. Source: Danish Energy Agency “=Final energy consumption per m2

Q1. Are the recent rises in energy prices and commodity
prices reflected in heat charges?

+ Weighted average district heating price
to a standard building (130 m2 and 18
MWh) has increased 20% from January
2019 to January 2023

*+ But typically

+ <5% price increase for DH based on
mainly waste and biomass CHP and
efficient gas CHP

+ >50% for DH still based on gas boilers
and/or on large electric heat pumps

Source: Forsyningstilsynet
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Q2. What is the composition of heat prices?
Each company can set its own price structure

Connection fee:

- Capacity: (DKK/meter, DKK/m2, DKK/kW or DKK/(average heat sale in MWh)
= Branch line: (DKK/m branch line above x meter)

- Can be zero and even include the installation of substation

Annual fee:

- Meter fee: DKK/meter

- Capacity fee: DKK/m2 heated floor, DKK/KW, DKK/ (averge heat sale in MWh), discount to large consumers
- Energy fee: DKK/MWh

- Motivation fee: DKK/MWh incentive to increase cooling or reduce the return temperature

New trend:

= Annual payment to cover all costs of substation. Point of delivery is moved from primary to secondary side.
- Motivation fee is based on monthly average return temperature

- Seasonnal or monthly energy tariff reflecting the costs

Q3. What are the contract details?
Also, are there supply rules, safety rules, etc.?

Overall
- The Heat Supply Act sets the overall rules, e.g. that only necessary costs can be included
- DH companies follow to large extend the guidelines from the Danish District heating association

Typical contract documents:

- General conditions, legal and instituitonal aspects

- Technical condiitons, e.g. diagram of substation, temperature levels etc.

= Contract with the consumer, referring to the conditions, and can set some rules in case of termination.
- Tariffs to be revised at least once a year

Classification of pipes etc.
- Steam
- Super heated water >110 oC
- Hot water < 110 oC

- International standards

11
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Q4. How much does the unit price per calorific value of
biomass heat compare to city gas, coal, etc.?

The fuel price statistics:

= Huge tax on oil and gas, and on coal (not shown)
- Grahs after 2014 are without tax

= The price of Biomass is table, except wood pellets

Light oil including tax
Light oil without tax
Natural gas inkl. tax
Natural gas without tax

Wood pellets
—=— Flis Wood chips
—— Halm Straw

Source: Dansk Fjernvarme -

Q5. The scale of heat production equipment has been flat
since 2006, but have there been any changes in demand

The district heating market share has increased and will increase much more 2023 -2030 replacing gas boilers

Heat supply forms Other
for new buildings,

Electric heating
M2 heated floor area

Oil boilers
Natural gas
Heat pumps

District heating

13
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EU report: experience DH and DC 2016

Greater Copenhagen DH: A show case of

cost-effective low carbon heat in a metropol

+ 1 million people in one integrated system

« All utilities are owned by the 20 municipalities
and consumer co-operatives

* 30% heat from waste CHP

* 65% heat from biomass CHP

« Power to heat from electric boilers and large
heat pumps is booming

+ Gram: A consumer co-operative - show
case of democratic ownership in a village
« Has like many other local communities already
established a “virtual battery”
+ Heat storage facility, gas fuelled CHP plant,
electric boiler, large heat pump and solar heat

https://publications.jrc.
ec.europa.eu/repository
« Has taken part in the development of large- /handle/JRC104437

_.scale solar and heat storage pits

EU Report: experience DH and DC 2021

Taarnby: A show case for smart
sector couplings between power,
district heating, district cooling,
wastewater and goundwater

The public utility owns facilities
and acts on behalf of the
consumers

Jeegerspris: A show case for a
new green field local energy
community utilizing solar
heating, gas CHP, electric boiler
and heat pumps

https://publications.jrc.ec.e

uropa.eu/repository/handle
/JRC123771
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EU Report: experience DH and DC 2022

Fjernvarme Fyn: a remarkable district
heating system:

+ 70.000 buildings are supplied from one
integrated network with direct connection
without heat exchangers

+ 70.000 m3 heat storage tank
« Consumers deliver <40 oC return

+ CHP, Waste, biomass, electric boilers,
large heat pumps

Hgje Taastrup consumer owned district
heating
+ One of 20 DH companies in the Greater
Copenhagen DH system in transition for
integration of wind
« District cooling
« Large heat pumps use heat from data
centers, industries, drain water

https://op.europa.eu/en/public

1lec-a534-
Rt Olaa75ed71al/language-en
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Thank you for your attention

ad@ramboll.com

www.ramboll.com

Further information on methodology and cases at:
https://stateofgreen.com/en/partners/ramboll/
https://annex73.iea-ebc.org/
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Additional information

Financing the district heating and the consumer substations
Some generic experience

« Financing is not a problem. The problem is to identify a cost effective bankable projects and to
implement the best solution in a transparent way with international tender, supervision etc.

« Ensure that the consumers (building owners or home owners associations) are organised
« Ensure cashflow and collection and give social subsidy to poor families who can not pay
« Tax on fossil fuels, pollution and CO2 is an important driver for efficiency and DH

« The new successful offer in Denmark is that the DH includes the substation and move the point
of sale to include the substation. Thereby the DH finances 100% and the consumer 0%

« Price of heat from CHP plants to the DH should only include the actual additional cost for the
society of generating heat:

« In case power only on the margin: heat efficiency 250%, electric heating 40%
« In case wind energy is on the margin: No CHP generation, instead electric boiler

« The fluctuating market price of electricity stimulates efficient use of CHP, heat pumps, electric
boilers and thermal storage facilities

20

DTU Campus Lyngby, Technical university of Denmark

* The campus was established in 1970

+ 100 buildings are interconnected by a walkable tunnel system

« The tunnel hosts all technical infrastructure escape gas and water
« District heating hot water from first stage in 1970

« District cooling around 2010

* 33 MW gas boiler with flue gas condensation (oil up to 1990)

* 33 MW power/30 MW heat gas fuelled CC CHP plant from 1995

+ 8.000 m3 heat storage tank from 1995

* 40 MW electric boiler from 2015

+5 MW heat pump for combined heating and cooling in progress

« The plant is connected to the Greater Copenhagen district heating
and the facilities plays an important role

« The plant is 100% financed by the campus budget to save cost

Sustainable urban development Carlsberg city

« The old industrial site has been transformed into a new
sustainable urban development integrating old and new

« Carlsberg Properties has been responsible for the sustainable
development and selected the solutions, which are cost- effective
for the society and the site as a whole as well as for the company
selling land to investors

« All buildings, 600.000 m2, will be connected to the municipal
owned DH based on regulation, which ensures the most
sustainable heating financed 100% by loans

« All buildings with active cooling demand, 350.000 m2, will be
connected to the DC in accordance with commercial contracts
between the developer and investors to finance investments

« Carlsberg Properties prefers electricity from off shore wind
farms and green roof tops instead of roof top PV and chillers

21
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Energy Policy and objectives at all levels

* The world: UN SDG
« Affordable, clean, low carbon energy

*EU
« Cost effective, low carbon, resilient energy

« Denmark

« Cost effective, and resilient energy, taking into
account cost of environment at national level

« Cities
« Cost effective, clean and resilient energy for the
citizens taking into account tax incentives

Important EU Directives promote sector integration
Special opportunities in cities

+ Strategic environmental assessment
Directive
. Co-operation cross sectors

+ Plans, Policies and Programs in one sector
have to be send for hearing in other sectors

+ Energy Performance of Buildings Directive

+ Good indoor climate

+ Cost effectiveness

+ Local conditions

+ Low carbon (nearly zero), taking into

account

RES via District heating and cooling, DH&C
CHP via District heating and cooling, DH&C
Heat pumps
Local RES

23
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EU Directives promote sector integration in cities

+ Renewable Energy Directive (RES)
+ Urban planning of heating and cooling infrastructure

* Nearly Zero buildings taking into account RES via
DH&C

« Energy Efficiency Directive approved 25.10.2012

+ New power plants to be CHP located near heat
markets

Urban planning of heating and cooling infrastructure

* Nearly Zero buildings taking into account CHP via
DH&C

Danish regulation based on socio economic
assessment promotes sector integration

« Electricity supply act from 1976
+ All new power capacity since 1976 has been CHP (Combined Heat and Power)
“EUT ion from 1977 er member states to consider CHP
+ Heat supply act from 1979
+ Main objective to replace oil and save energy in a cost-effective way for the
society taking into account costs of CO2 and harmful emissions
+ Municipalities have since 1990 had been the local Energy Planning Authority
« Secondary Act for approval of investment projects
« Procedure with hearing, approval and complains
« Guideline on how to prepare project proposals

+ Assumptions for the socio-economic analysis in all energy related projects.
« Energy policy based on a stable majority in the Parliament since 1976

+ The holistic approach has opened for cost effective sector couplings
« However still room for improvements,
+ The building Code is in contradiction with EU directives and Heat Supply Act
« The tax incentives could be better

25
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The holistic approach in the energy sector is the key cost
effective sector couplings for the green transition

The water and
wastewater
sector

The

industrial
The energy sector
sector

The integrated energy system is the
key to identify energy couplings

The energy infrastructure

« Power grid to integrate all Renewable source

« District heating grid city-wide, heat storage for CHP and RES

+ District cooling grid in clusters, chilled water storage

+ Gas grid with biomethane, storage and CHP back-up for power

Some important sector couplings:

« District heating with CHP, large heat pumps, electric boilers respond
on electricity prices (the virtual battery)

+ CO2 captured from waste and biomass, waste heat is utilized
« H2 from electrolysis, waste heat is utilized
+ E-fuels from CO2 and H2 for transport and back-up for wind

P2X the missing link Q

27
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43 years of energy policy and energy planning based on cost
effectiveness has given Denmark a leading role

« Optimal cost effective zoning of DH and gas grids

+1979-2020 preference to gas to replace oil

+ 2021-2030 oil/gas boilers to be replaced with DH or heat pumps
« DH to 65 % of all homes, 99% in Copenhagen

« CHP potential fully utilized, no power only plants

* Waste-to-energy potential fully utilized

« Electric boilers in DH (booming) use surplus wind energy and
balance the power grid

« Large heat pumps to low temperature DH (booming) use low
temperature heat sources from data centers, district cooling,
deep geothermal, wastewater, CCU and P2X etc.

« Large heat pumps can interrupt as long as needed or as long as
electricity prices are too large to be competitive

Combined heat and power (CHP)

« The first important sector coupling in Denmark
« Avedgre CHP plant in Greater Copenhagen from 1990

« Thermal power generation is declining due to more wind,
however

+ 80% of the thermal power generation is in combined production 100%
with heat

* 60% of the district heating is in combined production with
power

« Electricity in combined production replaces power condensing
plants in Northern Europe

« Steam turbines are by-passed in case of low electricity prices

—istrict heating === Electricity
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The new role of the waste sector and the agricultural industry

« Still huge potential for recycling energy in municipal
waste in the EU

« Energy from waste which can not be recycled is
used 100% efficient in DH in Denmark

« Denmark can help other countries to reduce
landfilling

« Surplus straw from agriculture is a resource for
district heating

+ Wet biomass from the agricultural industry is
resource for biogas

+ CO2 from upgraded biogas, straw and waste
incineration will be a resource for e-fuels in P2X

The new role of the forest industry in P2X, CCU, CCS

- Sustainable forests produce timber and absorb CO2

+ Waste wood from the forest (tinnings) and from the
timber industry is used efficiently without pollution in DH

« Timber, in particular cross laminated timber, is utilized in
a booming low carbon building industry, replacing
cement, steel and plastic

* The embodied cross laminated timber can, if the
buildings are demolished after 100 years be reused for
other secondary products or paper 2-3 times

« Finally end of lifetime, all the biomass will be used
efficiently without pollution in wood chip boilers or waste
incinerators and the concentrated CO2 will be captured
to be stored or reused for e-fuels in P2X

31

32

The new role of the water and wastewater sector

Large heat pumps for combined district heating and
district cooling utilize surplus heat from cooling processes
in the industries and in the buildings (not domestic),
which need active cooling for thermal comfort

= Ground water combined with heat pumps for seasonal
storage of cold energy and ambient heat

Wastewater is becoming a heat source for heat pumps

All kinds of water is becoming
= a heat source for heat pumps in the district heating

= a cooling source in district cooling

The new role of the gas sector
« The “Green gas” produced in Denmark will meet the
Danish gas demand in 2030-2034

= The gas infrastructure distribute and store large capacity
in salt caverns and in aquifer storage:

= Biomethane (from upgraded biogas) and
= Electrogas from P2X

= Fossil gas from the market

< Gas is too expensive to be the primary heat source, but Source: Energinet

= Gas in DH peak boilers and CHP plants will be important
back-up for the fluctuating wind energy

= Oil from P2X in DH peak boilers and CHP plants will be
important back-up for gas in case of new energy crisis.

33

Thank you for your attention

ad@ramboll.com

www.ramboll.com
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2.3 District Heating in Copenhagen (CTR)

District Heating in Copenhagen
Japan Heat Supply Business Association

November 15, 2023

The company - CTR I/S

Ownership and Framework

Joint municipal partnership (five municipalities)

heat exchanged with neighbor companies to cost
prizes, non profit company

Heat sold to partners district heating companies and

Establish and own district heating mains, pumps and

heat exchanger stations plus heat only boiler stations

for reserve and peak situations
By heat from local CHP and waste to heat plant
Responsible for the overall security of supply

guaranties
Operates a 24/7

Assets financed through external loans and municipal

The CTR history

1976 responsible ministry decide that all new thermal power plants in Denmark
has to be a CHP plant (Combined Heat and Power) for energy saving reasons.

+1977 power company plan to implement new power capacity in the Copenhagen
region.

+ 1984 Directive from the Ministry of Energy to local municipalities to establish at
district heating structure in the region able to utilise heat from new and existing
power plants and waste to heat plants in the region.

1984 political decision to build two new power plants and to establish two heating
transmission companies.

1984 foundation of CTR as company

4 -

CTR’s organisation

#5¢

District heating in
Greater Copenhagen

+ 19 municipalities

* 4integrated DH systems

+ 25 DH companies

+ 500,000 end - users

* 34,500 TJ (9,600 GWh, 32,700 GBtu)

« Approx 25 % of heat demand in Denmark

Design Concept

Base load pmducnonl I I

Transmission

Booster pump natioldD

Combined heat and
power; waste to

energy; geothermal heat,
surplus heat from industry

$ Peak load and reserve

Distribution T
-
L e

|

Heat exchanger

Local peak load

End user




External Parties of Agreement Maintenance
& Managing
Heat purchase N Heat sale

Orsted

The five partner

nicipal

HOFOR

CHP
production C | T | R
VEKS

tion plant
Waste v Maintenance
to heat tion plant
Municipal operational
Extension & organisations
______________ operation Suppliers
unicipal operational
organisations Contractors
VEKS Consulting group

VEKS and HOFOR

Peak load

production

Maintenance District heating is experiencing a number of major
The maintenance system, will changes I

& Managing handel approximately 115,000

preventive jobs annually Abroad political agreement has been adopted that district heating will play
performed by the district a significant role in the supply sector of the future.
heating compagnies. In

Broad political agreement on the waste sector "Climate plan for a green

addition, remedial waste sector and circular economy”, which will ensure recycling and
maintenance and operational incineration of less waste in Denmark.

assistance. - New technologies are evolving rapidly and may gain ground in the future,
In the new system, it will also (TENEIT

be possible for CTR to + Large heat pumps based on, for example, wastewater and seawater
associate external suppliers. . Geotermi

There are about 30,000

. . Carbon Capture Storage og utiisation (CCS og CCU;
different pieces of P! ge og (¢ g CCU)

equipments. In the new
system, we will be able to
carry out more systematic
error analyses.

Excess heat from Power to X (PtX) factories

Climate objectives set the framework for the district heating system of the future The district heating system of the metropolitan area as it looks today

+ District heating in the Copenhagen area must be
CO2 neutral from 2025. (Among others
Copenhagen Municipality, HOFOR, CTR and
VEKS)

+ Agreenhouse gas reduction target of 50-54% by
2025 compared to 1990. (Agreement on an
indicative greenhouse gas reduction target for
2025, 2021)

+ Denmark must reduce greenhouse gases by 70%
by 2030. (Climate Law 2020)

+ Denmark wants to be a climate-neutral society by
2050 at the latest. (Climate Law 2020)
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Six scenarios for the capital's district heating in 2050, 2030 and 2025

Scenarios

Thermally

} Electrical
based
Not CO2 High Fluctuating Electricity
neutral () n PX with v and waste
reference ity electri

Pure
Electricity.

city
bio and
waste

o v ) §

3500
a000
z
2w
3
g amw
LR
1000
s
o
0.Iko COZnoutat 1.Hol CCS medbo 2 Lav CCS model, 3 SvingendoPIX 4, Stabi PXmedol, 5 Elogaiad 6 Ebasorot
og afad ooy med ol Boogafiad bioog aflad

= Biogaskedier mEkeder ®Varmepumper = Geolermi mPTX ® Biomasse-KVikedier = Biomasse-KVikedler med CC  @Affald % Affld mad CC.

FFH50 has focused on two key strategic challenges

‘The changes in district heating and the vision for 2050 give reason to focus on two challenges:

Strategic Challenge 2 - The energy system and technologies of the
fun

+ We want o live up to our customers' wishes for . the future he to
develop in many directions.

+ Anumber of technologies are under development. Itis
uncertain when they will be ready for the market and what
they can do. This applies, for example, to large heat pumps,

+ We must be able to deliver solutions that are atractive in
terms of price, technology and sustainabiliy
with individual

developments in electriity technologies such as wind, solar
and electriciy storage, batteries, which are also of great
imporiance for distrct heating,

. local anchorage, %
hand in hand with the supply of the future.

13

14

The potential for heat pumps covers many types — but
greatest for the untested types

] Varmepumper

* Potentiaer for savand er kke vurderet,

Significant difference between heat production and fuel consumption in
2050 scenarios

+ The heat production from heat pumps i
and geothermal energy varies from .
approx. 5% all the way up to approx. 000
95%. o

+ Biomass consumption ranges from 21 PJ
in scenario 1 down to no biomass use in
scenarios 5 and 6. Today, just over 30 PJ

is used. ' e
+ Between 0 PJ and approx. 11 PJ of waste e e R Cr e
are incinerated in the scenarios. Mostly in Brandsabforrug.

the scenario with the highest uptake of o0
CCS (scenario 1) and the scenario with
electricity and waste (scenario 5). There
is a big difference between the scenarios
on how much of the Danish waste "
incineration takes place in the ‘
metropolitan area.

a Tratis Biogas Afald el

Efforbrug t Pox-anig or ke medtaget  fguron
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The district heating system goes from electricity producer to electricity
consumer

+ Inall scenarios, electricity generation capacity is Maximum electict generaton and consumption

significantly reduced compared to today. e e

+ I thermal plant scenarios, t s assumed that part ofthe
biomass capaciy in 2050 i boiler plants and not
cogeneration.

« Elforbruget til elvarmepumper og elkedler agThe district

heating system goes from electricity producer to 1000
electricity consumeres krafiigt

B
« The system goes from primary at veere elproducernt tl s
primary at vaere efforbruger. :
« The electricity consumption in the scenarios is 0.7 I
TWh-2.7 TWh

Houry electicty consumpion - e

vicity-based scenario

—aepumper s Geoermi M Eeder | ——Toa i
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2.4 Tarnby Forsyning (Tarnby Forsyning)

Welcome to TARNBYFORSYNING A/S

TARNBYFORSYNING A/S

* Multi supply founded 01-01-2010
+ Owned by Municipality of Tarnby

« Water supply

* Sewage and wastewater treatment
« District heating supply

« District cooling supply

Strictly nonprofit

1 2
Ene rgy Utlllty District cooling in the Soundport area
* Heat pump
* 5,6 MW heat
* 4,3 MW cooling
« 2,5 MW i cold water
storage — 2.000 m3.
« Prepared to
supplement by ATES
facility.
3 4
District cooling in Tarnby District cooling in T&rnby
Why?
Because it is the right to do
Because it is possible
Because there is at need for it
5 6



Challenges

* Too much heat in the system in the
summertime

* Not in my backyard - but long pipes are
expensive

* Low temperature heat 70-75 degrees from
the heath pump, in system with high
temperature 80-90 degrees

3
oo

9 10
Expansion of district heating Expansion of district heating
Today Tomorrow (2028)
* We supply approx. 20.000 « Extra 12.500 households
citizens with heat + the + One Family houses
airport « 450 TJ/year
+ 620 TJ/year * 90 km pipelines
Large customer
* Industry, institutions,
housing
11 12



Challenges

Government has declared district heating all
over Denmark before 2028 - at the same time

« Heavily lack of resources, staff, consultants,
materiel etc.

* The heat production may not be ready in time

« Competition with individual heating from heat
pumps. Cost benefit for citizens!

» Large scale central heat production replaced with
many small-scale decentral units
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2.5 CopenHill (ARC)

Program
Welcome
Delegation
from Japan - Safety
tO ARC * ARC and circular economy

« Amager Bakke

« Development projects
Flemming G. Nielsen

flni@a-r-c.dk
asc
asc
1
Danes produces 814 kg waste every year In total it will be 5 mio.
Top of list in EU tons of waste per year
b
What do we do
with all that waste?
arsc arsc
3
Ownership Organization
* Municipal company +  Waste collection
owned by 5 municipalities + Waste o energy
Activities are to balance over Frederiksberg + Recycling centres
five years «+  Local recycling points
— « Transfer station
* Waste from +  Sorting plant
aprox. 645,000 citizens and gl iazaion Shias S MORE
68,000 companies e «  Safe landfill, AV Mlljg
(1.1.2021)
Tarnby
Drager
asc asc




ARC in numbers @o21) From waste to resource

Revenue: 1,2 BDKK
(158 mio. €/USD)

Abolish something Use waste Save resources
Investment Amager Bakke:
. 1903 1935 1950 1970 1989 1991 2019 2021
4 BDKK (540 mio. €/USD)
it . Ar Bakke
Waste quantities: cpors o prodce
At Amager Bakke: 535,000 tons. ottt veaingand
At recycling centres: 100,000 tons
Opening of Sydhawn
DKs st Landril The refgerator  The waste-to- The first The waste-to- Recyclng Center ARC
) incineration_stablished by is becoming the  energy-plant recycing ste  anergy-pant with a special focus capturos the
Recycling centres: 10 plantopens  thebeachin  norm, and opens wih opens in starsto onreuse first CO:
Copenhagen  packaging waste fumace fines for Coperhagen  produce from the
leincreasing ditrictheating clectrity A0 srs o ot smoke
Local recycling centres: 9 households
Employees in 2022: 373 Professionalization of the way waste is handled Active in the fight for the climate

arsc

Recycling Centres

Education

Sharing sections Up to 1 million costumers every year
at recycling centres

100,000 tonnes of waste

Recycling centres

Transfer station Sorting in more than 35 fractions

Sortil
ering Increased focus on reuse
The Waste Hierarchy
Amager Bakke
AV Miljo
SMOKA
e
asc ~alt med affald

10

Longer use of
good items

Copenhageners are sharing

3-dobling of longer use of
good things

Less waste for incineration

Increased focus on reuse

-alt med affald

11 12
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Sorting plant

« Digital water marks
« Ensures better recycling

« Producer responsibility
on packaging from 2025

ans

-alt med affald

SMOKA

Handles 10,000 tons of hazardous
waste annually from:

« 1,5 mio. citizens
+ 90,000 companies
* 23,000 red boxes

Adviser on hazardous
waste such as:

« Chemicals
« Paint
« Batteries

AV Miljg
2% of the waste ARC handles, ends up at a
safe landfill* with less environmental impact

* No organic materials

« Bacteria in the top layer converts 95 % of
the methane to CO2

* Polluted concrete, soil, asbestos and other
non-hazardous materials that cannot be
recycled or used for energy

* Membranes at the bottom protecs the
groundwater

asc

*until we find safe methods to treat waste

13 14

Waste
collection

From private
households in
the municiplities

+ Copenhagen
» Drager
» Tarnby

-altmed affald

15 16

Energy production and waste fees

asc

Amager
Bakke

One of the best
waste-to-energy
plants in the world

* High environment
and energy profile

* Modern and flexible
energy production

asc ~altmed affald

17 18
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From waste to energy

District heating and electricity
At Amager Bakke we produce energy to 150,000 households

C/C ore-
Greater Copenhagen heat supply has a wide range of generation
D p g pply 9 9
GREATER COPENHAGEN HEAT SUPPLY — was decided in 1983
HEAT SOURCES
*Waste incineration CHP, Wood pellets CHP,
Wood chips CHP (from 2020), Natural gas CHP,
Coal CHP (phased out), Oil, Heat storage
G/C -
21 22
Effective flue-gas treatment
asc [ B
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Our perfomance in flue-gas treatment

100%
90%
80%
70%
60%
50%

40%

30%

20% I

10%

|| |. [ | PR [

Particulate HCl 502 NOx Hg sumaf9  Dioxins
heavy metals

EU directive m Environmental approval
m BREF ® Our numbers
asc
25 26
Carbon Carbon capture pa
capture at Amager Bakke
Amager « Carbon capture is crucial to accomplish
Bakke national and international goals
« Financing: High CO2-fee and/or support
Possibility of success in Denmark:
o Research and innovation
o Green initiatives
o COz2 reductions
asc ~altmed affald asc
27 28
The potential of carbon capture The e
process
co,- .
neutral Fossil CO.
- (167,000 t/year)z AMINO
5 0 0 4 0 0 0 t (RIS Biogenic CO,
CO2 per year (333,000 t/year)
EXCESS HEAT
asc asc

29

—103 -

30



Excess heating used in
the district heating system

Energy neutral district heating

The Value Chain

arsc

asc
31
Thank you for your attention!
Flemming G. Nielsen
fini@a-r-c.dk
arsc
33
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3.2

Berlin Energy Asset

Transformation

System Development Berlin (TP-S)
Marko VoB und Alexander Noack-Jupé

VATTENFALL @

Berlin Energy Asset Transformation (Vattenfall)

Vattenfall Warme Berlin AG
Current state of the district heating network

o 2.150 km
Grid length

o 26.300

Heat stations
o 5,7GW

Contractual capacity
o 10 Twh

Heat sales

Currently, only 6% of generation is ba:

VATTENFALL @

Kapenic
Friedrichshagen

sed on renewable heat or waste heat

D isati p Wiérme Berlin AG

Current schematic dispatch Interconnected Grid

The transformation to greenhouse gas-neutral district
heating is taking place in several steps

4500 Coal phase out with 40% Start gas phase out with >40% 100% climate neutral
climate friendly heat climate friendly heat heat
4000 100% 5
- o = + Biomass « Large heat pumps + Geothermal :
3500 | % CLi Waste utiization 21 - Large heat pumps * Geothermal - 100% green H2 at all major
°. S| - Heready CHP+P2H - Start green H2 GiPalzs
3000 S| . Ha-peak boilers . P2H + Substitution of peak load
g D85 Biomass + Heat storage * Decentral (large) heat pumps  * Decentral heat pumps
= 2500
E 3 ¥
2 56% O cascre 2030 2035 2040 2045
§ 2000
g
S Basis for grid Start of Grid transformation
transformation Smart Grid completed
1000 o| - Firstintegration of decentral '+ Growing number of local low - Favourable local low
2 heat pumps temperature grids temperature grids
500 © Gas-HoB © 1 . Central system control - Seasonal storage transformed
room + Increased efficiency + Increased efficiency
0 + Switch to 2 pipe operation
Hours T Coal-CHP « Pilot local low temp. grid
W Waste utlization Gas-CHP  m Biomass u Coal-CHP H Gas-HoB Connection of new customers.
VATTENFALL @ e VATTENFALL @
- - - T Decarborisat . r——— .
Achieving decarbonisation by 2045 is Cott o bobase 1. rd convsio Dispatch 2040 — Interconnected Grid
q wase lzaton, as red 1P -
possible, but depends on the energy market i ecciyionass e
70 s P2 1 18 MAdum 03 . Seting tne pace with Powr.to-
Weat: adan pover lovies 4500 - Geotemal
g o e 3 cammonat eswti e = wast ncieraton 100%
CHP and bomass, g fees for sl hest pumpe: Tox o 4000 e H Geothermal
100% 100% 100% oo 100% reurel X P2
n - n LT “ Domgwasene cy 3500 - gomass 10% Waste Incineration
- - Reduction of CHP use through 5. Efficient use of biomass: only in
3 [ heat generation, geothermal industry and disric heating. 0 Bio il
] e 6. Using geothermal nergy H2cHp 18% Heat pumps
£ =R chalenge: hrough deop goothermal E
s - ™ feite oty Goomermal anergy: Hadging ks o H2 Balers
2 = vk + Addilonal costs for H2 7. Security of supply through £ 6% P2H
. Bos e Biomass over 15% ‘combined heat and power 2
—— enaration: Recursmens 2
- Target 2040 Fhiking togatet about ho 8 2000 16% O8§ Biomass
o 3 - pap—— ecanonsaion e ity & e
P 25 CHP compltaly convere Cocatoneaten o S0 01
o | e o H2 with decreasing full use: 5 12 oy Exracting gases and & / 2% <o
Gosthermie liquids: Technical and economic:
Challenge: Adstons costs 2, e o  a coonem . // 13% BOCF H2cHP
share of ol heat™> Need for 5. Making approval processes ///
additional heat pumps fa d easier @ H2Boiers
PR //
‘Status quo | 2030 2035 2040 2045 _ ‘climate-friendly solutions: Heat 500 18% Decarbonized
2025 Supply Ordinance 10 e
Max. 15% biomass, peak load 1. Provision of areas for long-term o x< (H2, P2H, Bio ol
decarbonized rage and , P2H,
e Ron i mictoel sk panng Hours orces)
Challonge: Proporion f boler 2000
hea, costeffeceness
Decaroonizaton of pas i a
shor operatng lme
- VATTENFALL @ P
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N B G e ot (1)
Pre||m|nary & cospimmosst 7
Timetable @ Ges pant Revter West
@ G v Wimersort
Electrical Power-to-Heat
Hf R85 Charotonburg (1)
5 Large-scse ectpup R o1 s U
Pttt o s
Heat storage infras o Biomass plant
Reuter West Reuter West (1) Sl eroet
&> Demolton &> pomaiten Electical inrasruciurs Gas plant
== Lenterede & Kingonberg Reior West (2) O Gratienoun 2229 Further conversion to
— Demoton et scsing s Povorio Heat ‘
OPFEE, &) Chartienturg Emmeren ol s rer:ewable energies
I ' Thank yo
2023 2024 2025 2026 2027 2028 2029 a n y u
' 1 ' !
el [—
[ e RS e o Kingonsers Coal phase-out Net-zero
Gas plnt 3 ’
s 0 e distictheaty
Rouior Wost TE§85 Power-oHeat Crarotinturg (2 EFED
Westonator rge-sclo o o s
R e 45§ conmerml vt e
= Reuter West BB Large-scale heat pump Mitte
[ ——— .
B Data centerlrge-scale heat pump Kingenberg
vt et conter rgescleheat pump Marzan (potetil)
North-South Hydraulic infrastructure
il Chariottenburg
yolln Grid extension East-West
VATTENFALL @ S VATTENFALL @

Confintaty: C2- ner
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3.4 Company Presentation

Company Presentation

Subtitle | 17.11.2023 | Presenter

(Sachsen Energie)

G Sachsen

We are SachsenEnergie

As a single strong company, we contribute to a maximum quality of life in Dresden & East
Saxony.

® Grosenin

On 01Jan 2021,

NO. &

In Germany, there are only three
municipal utility companies which
arelarger than SachsenEnergie.

ENERGY CENTRE

SachsenEnergie is the strong energy centre in the heart of Saxony,

In a unique combination of urban and rural areas, we forcefully promote
the energy transition, we advance the development of a modern
infrastructure and we stand for security of supply in Saxony.

SachsenEnergie was
launched as a new
brand.

www SachsenEnergie.de Energie
Sachsen
G Energie
Our shareholders The SachsenEnergie group of companies
[ oo | [ o | i
_8_2J_3_&A_ m J_IJ_&)A_
EnergieVerbund Dresden GmbH (EVD)isa  KBO Kommunale Beteiligungsgesellschaft  Individual municipal shareholders
100% subsidiary of Technische Werke mbH an der Energie Sachsen Ost
Dresden GmbH (TWD). These are a 100%
holding company of Dresden, the capital
of Saxony,.
Bl | D
™~ Sachsen ™~ Sachsen
Energie Energie

4

NO. 1

As the largest municipal utility company of East
Germany, SachsenEnergie reliably supplies 600,000
customers with energy, water, energy-related
services and modern infrastructure. We develop
tailored solutions for the individual needs of local
people, companies and institutions

Largest municipal utility company of East Germany

600,000

customers

SachsenEnergie is the largest municipal '
utility in East Germany. =
Sachsen
G Energie

Electricity, gas, heat, water, glass fibre

A WORKFORCE OF 3,500

All from a single source.

As a full-range supplier of services of general interest, SachsenEnergie reliably supplies
electricity, gas and heat from a single source. Our customers benefit of tailored energy
services — be it e-mobility, private power generation or optimisation of consumption.
Drinking water and waste water are two more of our key competence elements for reliable
general interest services. Furthermore, we use the latest technology to provide people and
companies in the city and in the region with fast Internet as well as telecommunication and
also with the complete infrastructure for all other media.

Sachsen
G Energie

5
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Decarbonisation

Digitiisation
Decentralisation

Energy transition

Regulation
Market concentration
Shortage of skilled
workers

Customer churn

We cope with the challenges of today

MARKET
CONCENTRATION

Surrounded by market-dominant
players

Electricity

Gas

Power & heat

Water

Broadband

Our home market

BRANDENBURG

® Groenhain

Heissen @
® cosuig
Radebel @

SAXONY

Hoidenau
® o pima

@ Dppoidiswalde

The municipal utilities of Riesa, Freital, Zittau, Grlitz, Pirna, Niesky, Lobau, Elbtal, Meissner Stadtwerke,

@ Grossrohsdort
© Bischofswerta

Neustact
isa

SAXONY

® o POLAND

Ebersbach.
® Neugerscart

CZECH REPUBLIC

in the graphic.

(=) ?;g::;:;ﬁ;g w4 EON [ Saxony EW Bautzen as well as EWAG Kamenz are not explicitly shown
o e [k
Electricity, gas, heat, water, glass fibre We are a strong municipal infrastructure supplier.
Partner of >160 mun IClpalltles COMMUNICATION STRENGTH EMPLOYMENT PLANNING INFLUENCE

the partner of the region and of the city of Dresden.

SachsenEnerg
More than 160 municipalities trust in tailored supply concepts and offers for a modern
municipal energy management, renewable energies, e-mobility or telecommunication.

TECHNOLOGY OF
THE FUTURE:

nEnergie provides for fast Internetin
xony. Today, about 50,000 customer

Sa
connections are equipped with modern

and connect about ne
tothe glass fibre n

the glas k. By 2040 we will

f about 500 million euros in
fibre network to boost th
and the region,

We are the fourth largest municipal
utility company in Germany and sharpen
our competitive edge over energy groups
(e.g. EON).

TOP PLAYER

In Germay, we are an important market
partner for service providers, industrial
and cooperation partners with roots in

We are an attractive employer of highly
skilled workers from all over Germany,
offering job security.

CREATION OF VALUE

We stabilise our results and, with our
success, we strengthen the municipal
budgets as well as infrastructure

We are discussion and planning partners
for the state government - and we
represent and assert Saxon standpoints
in the energy sector in federal
associations.

ENERGY TRANSITION

In a unique combination of urban and
rural areas, we shape the energy
transition and we stand for security of
supply in Saxony.

D Saxony. development in Saxony.
Sach: Sach:
Lo v oo
Our values SachsenEnergie

Firmly rooted in the
region

W

SachsenEnergie reliably supplies people and companies in Dresden and
the region with energy, heat, water and modern infrastructure ~ in the
same way as DREWAG and ENSO have done for decades. Their
experience and competence are the basis for us to build on ~ like their
strong roots in the region. This makes us an important factor for the
local creation of value. As an infrastructure expert, initiator and partner,
SachenEnergie i likewise firmly rooted in Dresden and the region. We
know and understand the concerns of peple in the city and the region
because we are part of it

We assume local
responsibility

We want to give something back beyond our daily business.
The social community in our region is dear to us. We are
theref tted sponsor in sports, culture, educat
and environment, with a conscious assumption of social
responsibilty for the people in Dresden and East Saxony.

Sachsen
G Energie

24,648 km

Electricity

2,420 km

Water

6,858 im

Gas

4,650 km

Optical fibre

647 km

District heating

SachsenNetze aperate an electricity grid with a total
length of 24,648 kilometers. This means: We maintain and
modernise a length of cable twice the distance between
Dresden and Hawail. The length of our gas grid is about
6,858 kilometres — about the distance from Dresden to
Mount Everest. The district heating grid of 647 kilometres
slightly exceeds the distance between Dresden and Sylt
and our water grid with its total length of 2,420
kilometres could reach from here to lceland.

Sachsen
G Energie

11
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SachsenEnergie SachsenEnergie — Sales
17,544 cwh 24,993 cwn 1,602 cwh
Electricity sales Gas sales District heating sales
|
42,000,000 m: 191 cwn 13,944 private and 5 y o 5 3 ll.
Water sales Heat / refrigeration sales business customers
Broadband
billion € billion €
ounw OB

13 14

Our strategic business segment: water
Core tasks
Strategic business segments of
the SachsenEnergie group of companies _ — — _ —
ASSURANCE ASSET PLANNING & MANAGEMENT OPERATION
of i and T CONSTRUCTION and commissioning of  Of water facilities as
Crisis-resistant water and controlling for water o water facilities planning and wells as management
supply facilities construction for water  and commissioning of
and grids grids water grid operations
Sach: Sach:
o e O B

15 16

Our strategic business segment: power & heat The challenges for SachsenNetze ...
... In the coming years are diverse in the areas of

95 GENERATION FACILITIES

Energy from renewable sources

Lt & &

S ron daneey ‘ ENERGY DIGITALISATION  REGULATION RE-REGULATION  INTRODUCTION

promote inf e / ‘ TRANSITION of metrology Smart measuring
/ ‘ systems

companies and private households. / ‘

Sachsen Sachsen
G Energie G Energie

17 18
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Strategic focus of the grid companies on the regulated electricity and gas

business

SachsenNetze
GmbH

Operator of the low and
medium pressure gas
grids in East Saxony
including Dresden

Regulated business
(electricity and gas)

SachsenNetze
HS.HD GmbH

Operator of the high
Regulated business

pressure gas grid in East
Saxony including Dresden
as well as a few house-
holds in Brandenburg

(electricity and gas)

Operator of the low and
medium voltage
electricity grids in
Dresden

Operator of the
electricity grids of all
voltage levels in East
Saxony and of high
voltage in Dresden

SachsenEnergie
DREWAG - Stadtwerke Dresden GmbH
and SachsenGigaBit GmbH

Deregulated business
(water, power & heat, telecommunication)

Sachsen
G Energie

Top products

Top service

Top
network

SachsenGigaBit - the glass fibre age is a unique
opportunity for us

NETWORK EXPANSION
We promote the expansion of
the glass fibre network as part
of general interest services of
the 21t century.

PRESENCE

By strategic alliances and
cooperations, we establish our
presence all over Saxony.

MARKT MOMENTUM

We use the market
momentum for the
commercial and subsidised
network expansion.

GROWTH

Our growth is based on our own
product and service platform.

PARTNERS

We win municipalities,
municipal utiities and the
housing industry as our
partners.

™~ Sachsen
o/ Energie

19

SachsenGigaBit glass fibre expansion strategy

Building blocks for glass fibre expansion

Glass fibre networks
to be built

Subsidised

using "bycatch”

expansion by own company

Expansion by own company

Self-supported
expansion by own company

Synergetic
network expansion

>

9 Increase glass fibre coverage for
SachsenGigaBit

9  Useedstinginfrastructures of al
companies within the group

9 Check network expansion
projects for useful extensions

Actively shape and channel the
expansion projects of
subsidiaries

Top address for
civil engineering
& network

Sachsen
G Energie

construction

20

SachsenEnergieBau — multi-utility planning and

construction

s

single source to meet demands from civil
engineering & network construction.

Strategic focus on the core tasks in the
group and synergising of strengths and

competences.

Creation of synergies for more efficiency

as well as optimising of costs and resources within

the group.

Expansion of the business acti

asastrong

partner in the region.

Sachsen
G Energie

Thank you very much for your attention!

Contact:

www.SachsenEnergie.de

™ Sachsen
Energie

21

23
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3.6 ZAE Bayern

Neustart
ZAE 2.0

ZAE 2.0

ZAE 2.0 Anbindung

~40-50 Mitarbeiter
~3500 gm Forschungsflache

Lehrstu fir /
Technische Elektrochemio  /

Mitgliedschaften und Gremienarbeit

IEAESTCPTask35  op oo oo
IEAESTCPTask40  |on ot ook b0
IEA ES TCP Task 41

VDI 4640
VDI 3988

EN 17522

O
Z

Referenzen ZAE 2.0
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Gruppe ,,Systementwicklung“ (SYS)

Themen der Gruppe:

« Energiekonzepte fiir Kommunen und Industrie
« Energieeffiziente, nachhaltige Gebaude und Quartiere
« Tiefengeothermie

Regenerative Fernwarmeversorgung

mit innovativer Technik und

nachhaltigen Fernwarmenetzen

+ Innovative Versorgungskonzepte

+ Qualititssicherung der Planungs- und Bauphasen
+ Betriebsoptimierung und Evaluierung

- Gutachten und Begleitung von Zertfizierungen

Referenzprojekte:

- Planungsbegleitung und Optimierung diverser
Fernwa mit Ti ie in
bayerischen Molassebecken

. fir im
GroRraum Minchen

. itung einer KWK-Quarti mit

Biogasanlage, Biomasseheizwerk und PV

©2AE Bayem 7 € Bayem 8
Nachhaltige und innovative Geb&ude:
Optimierung von Betriebsstandorten Beispiel Schulgebédude
Optimierung von Funktionalitt, Komfort &
it und CO,-Aqui ion von Betri ten Energieeffizienz, Gesundheit und

+ Innovative Konzepte Wirtschaftlichkeit unter Einhaltung der
. a. und E fiir Neubau und Sani
+ Qualitétssicherung der Planungs- und Umsetzungsphase + Innovative Geb&udekonzepte
+ Leittechnik und Energiemanagement + Qualitétssicherung der Planungs- und Bauphase
« Toolentwicklung . : und opae
Referenzprojekte: Referenzprojekte:
. und Energi fur + Wissenschaftliche Planungsbegleitung eines

den Flughafen Miinchen Schulneubaus fiir behinderte Kinder
. E eines L te: +  Qualitatssicherung eines innovativen

Passivhausneubaus einer Grundschule

+ Planungsbegleitung fiir einen neuen Firmenstandort . der einer
« Heiz- und Kiihlkonzept fiir einen Produktionsstandort in Mittelschule auf Passivhausstandard

China + Qualitatssicherung und Monitoring eines
. 4 mit ORC fiir Plusenergie-Gymnasium-Neubaus
. Kon: mit tiber 400 Standorten + Monitoring einer FOS/BOS in

© ZAE Bayern © ZAE Bayern 10

10

Innovative Energiesysteme mit erneuerbaren Energien

fiir die Sanierung eines

Gewerbeareals

+ Planung und fon des

Einbindung unterschiediicher emeuerbarer Energien

(Biogas-BHKW, Windpark, Photovoltaik)

. & Integration ische und
thermische Speicher, BIPV, Warmepumpe)

Bau von Demonstratoren

Ideenentwicklung in Zusammenarbeit mit lokalen

Akteuren

© ZAE Bayern

Gruppe ,,Solarthermie und Geothermie“ (SGT)

Themen der Gruppe:

+ Nachhaltige Warmebereitstellung
. ie & Ol El nahe thermie

- PV & Batteriespeicher (Testzentrum Arzberg)

11

—-112—-
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Solare Nahwdrme und Saisonale Warmespeicher

Solare Nahwirme am Ackermannbogen (SNAB)

+ Solare Warmeversorgung eines neu gebauten Wohnquartiers
mit 320 Wohneinheiten in Minchen

2.761 m? Solaranlage

6.000 m* Heiltwasser-Langzeitspeicher

550 kW Absorptionswarmepumpe

Direktes Nahwarmenetz 56°C/30°C

Nutzwérme ~ 2.000 MWhia

Solare Deckung 50%

Oberflaichennahe Geothermie:
Erdwarmesonden

Qualititssi g bei
Forschungsprojekte: QEWS, QEWS Il und QEWSplus
« Thermische Optimierung von Erdwarmesonden

< H bdichtung von Erdwar
. g von Thermal-Resp
< P fiir TRT-

Industrieprojekte:

« Planung und Bau von EWS-Speichern
Baustellenuntersuchungen
Materialpriifung und Produktentwicklung
Optimierung von tiefen EWS

13

14

Oberflachennahe Geothermie:
Geothermische Weichenheizung

Enty

klung und Umsetzung einer

CO,-Warmerohr transportiert die Warme
keine Hilfsenergie erforderlich
selbstregelnd

wartungsfrei

3 Pilotanlagen in Hessen, Hamburg und
Mecklenburg-Vorpommern
Marktzulassung 2013

Warmedammung:
Industrielle Hochtemperatur-Anwendungen

Vak Super-Isolation als

fiir i i t

K

i von k e
Isolationspaneels fiir Temperaturen bis 600°C
10-fach bessere Warmedammung als Mineralwolle
Kostenreduktion durch Entwicklung neuartiger
Pulverschittungen als HT-D&mmstoff

D&mmung und Vermessung eines sensiblen Hochtemperatur-
! ohors fir o

Integration der neuen Dammung in der Glas- und
Aluminiumindustrie

Proiek(partner: va-Q-tec, Kraftblock, Verallia, LungmuB Feuerfest
ZAE 15 ZAE Bayern 16
Gruppe ,,Thermische Energiespeicher* (TES) Thermomanagement
T fiir einen
- Entwicklung eines )

Themen der Gruppe:

. TH i Er i ver (latent und
+ Materialentwicklung (PCM & TCM)
« Speicheranwendungen fiir Gebaude, Industrie und Sektorkopplung

) (TUM, Varta)
+ Innovative Kiimatisierung

T Entwicklung einer passiven KI ierung
unter Einsatz von PCM

17
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Mobile Warmespeicherung

Mobiler Zeolith-Warmespeicher

+ Beladung mit Abwérme einer Miillverbrennungsanlage

« Warmelieferung fiir einen industriellen
Trocknungsprozess in 8 km Entfernung

©ZAE Bayen 19

Latentwarmespeicher

Salz-Wasser-Mischungen als eines Ni L

Latentwarmespeichermaterialien (PCM) fiir die Haustechnik
- Entwicklung von kostengiinstigen PCM durch

theoretische Vorhersagemethoden von

Phasendiagrammen

E Bayen

19

20

Energieeffiziente Haushaltsgerate

mit Zeolith ienli il
Effektive Trocknung und minimaler durch eines PCM:
offenes Sorptionssystem

in einen
; um eine 3
elektrische Last im zu

© ZAE Bayern

Gruppe ,,Elektrochemische Energiespeicher* (EES)

Themen der Gruppe:

* Redox-Flow-Batterie

+ PEM-Elektrolyse

+ Power-to-X & Sektorkopplung / Systemanalyse
+ PV & Batteriespeicher (Testzentrum Arzberg)

©ZAE Bayem

21

22

Effiziente und kostengiinstige Batterie fiir industrielle GroBspeicher

Analyse und Optimit von Redox-Flow-Bat
Komponenten
*  Weiterentwicklung von Kohlenstoff-

un;
zur Leistungssteigerung des Stack bei hoher
Effizienz

Entwicklung von Testmethoden und
Charakterisierung verschiedener Redox-Flow-
Batterie-Komponenten

Erstellung von techno-6konomischen
Systemmodellen und Simulation von Redox-Flow-
Batterien in verschiedenen Anwendungen

PAN graphite felt

© ZAE Bayern

Effiziente Wasserstoff-Stoffentwicklung fiir die Sektorenkopplung

Lei yseur mit
Edelmetallbedarf
+ Reduktion des Bedarfs an begrenzt verfiigbaren
id )in i PEM-

Elektrolyseuren
Entwicklung von Zellen und Stacks mit hoher
Leistungsdichte

. Katalysator-D
. i von It in imulati
zur techno-6konomischen Bewertung von

PEM-Elektroly

23
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Verbundprojekte:
Smart Grid Solar

L i der i Energien in das
i durch Smart-Grid-: i

Monitoring und Vergleich verschiedener PV-Technologien

Einsatz von Speichern auf Quartiers- und Haushaltsebene

Erprobung eines H2-Kreislaufs im Demonstrator-MafRstab

. g des Er fils von P! lagt

Smart Metering

Projektpartner: AREVA, bayernwerk, FhG IIS, FhG IISB,
FAU, HEW, Gildemeister es, HS Hof,
WAGO, Rauschert, Rehau ES, Stadt Hof,
Stadt Arzberg, SMA, IBC Solar

Stromnetz:
NetzEntwicklungsOffensive Strom

g einer ii i i uktur sowie
i i unter
+ Erfassung, Bewertung und nachhaltige Sicherung der
im
. der unter Einbezug
Verbraucher, Erzeuger und Speicher
. i und D ion smarter Tr

und Regelungen
Eruierung der Netzbelastung unter Einbezug heutiger und zukiinftiger
Verbraucherstruktur

OTH REWAG,
MR, SGB-SMIT

> ZAE
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Gruppe ,,Warmetransformation“ (HCV)

Themen der Gruppe:

« Sorptionswé und -k& in,
. i 4 impe und
+ Energieeffizienz industrieller Prozesse

Griines Kiihlen und Heizen

Regenerativ betriebene innovative

Kiltemaschinen und Warmepumpen

+ Entwicklung, Bau und Test von Warmepumpen und Kéltemaschinen
+ Komponenten-, Anlagen- und Systemdesign

+ Demonstration in realer Umgebung

Referenzprojekte:
. mit
zur ganzjahrigen Gebéudeklimatisierung
Mit Biomasse betriebene Absorptionswéirmepumpe zum Heizen und Kilhlen
. P pressionswa mit PCM-Speich

zur Steigerung der Netzdienlichkeit und hohen solaren Anteilen
+ Absor fiir Solare arme am
EWS-Speicher mit KWP/KKM zur Klimatisierung eines Biirogebaudes

sw/m

27

Abwairme nutzbar machen durch Warmepumpen

Nutzbarmachung und Nutzung von Abwarme
durch Wérmetransformation fiir

Ki oder Wi tung

+ Komponenten-, Anlagen- und Prozessentwicklung
. | und S hern zur

von
Abwarmenutzung
« Demonstration

jekte mit realer L
Industrielle Abwérmenutzung in einer GieRerei
Hocheffiziente Kraft-Warme-Kalte-Kopplung fiir
Industrie und Gewerbe
Gas-Absorptionswarmepumpe in einem
geothermischen Fernwarmesystem

Klimatisierung mit regenerativer Warme

Offene SorptionskiihIsysteme liefern trockene und kiihle Luft fiir die
Gebaudeklimatisierung aus Ab-, Sonnen- oder Fernwarme

Rogoneotor  Wamequeton

el o0

Fomuime  ShWwms S Wama
e =
oo S o [BO00O

MEI=ES

0 ) o
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Wissenschaftliches Engagement

Entwicklung von Kéltespeichermaterialien fiir den trockeneisfreien
Impfstofftransport (coCO2vac)

Projektzeitraum: 01/2021 - 12/2021
Projektvolumen: 366 T€ (150 T€ ZAE)
Fordergeber: BMWi

Projektpartner: va-Q-tec AG

Foto: va-Q-tec AG

Projektziel:

Entwicklung von Kaltespeichermaterialien
(PCM) mit Schmelztemperaturen zwischen
-70 °C und -60 °C fiir den Transport von
COVID-19-Impfstoffen

Projektinhalte:

Auswahl potentieller eutektischer Mischungen
Vermessung potentieller PCM im LabormaRstab
Untersuchung der PCM in Kiihlakkus
Uberpriifung der Rezeptur im GroRversuch (1 m3)

Foto: va-Q-tec AG

@anﬂicyh"lmr.'nYurAnulAan!\l E».n;uwsmn;v.wiwm R © ZAE Bayern. - 31 © ZAE Bayern 32
Veroffentlichungen und Reviewertétigkeit
Ausstattung ZAE 2.0

© ZAE Bayermn @ Hie e v, a0oh Secsgn e veaune.Verweruns, Rseoduion, SRER s o
Software-Ausstattung Ausstattung EES
Standard-Software: Software-Eigenentwicklungen: Technik:
« Simulink + MedView (Monitoring) + PEM-Elektrolyse-Testsysteme
+ Dymola / Modelica +  LabDAQ, Datenerfassungsumgebung o L und Stacks fiir Materialt
+ Solid Works / Flow Works « Energiesystem-Optimierung o Stack-Teststand bis 10 Zellen, bis 600 A
« Ansys CFD «  Prognose Energieversorgungsszenarien o 2 Einzelzell-Teststande bis 30 A
+ COMSOL Multiphysics + Modelle von Absorptionskalteanlagen auf o Teststand fir und
. TRNSYS Komponenten- und Systemebene o Impedanz st istik und
. EES + Energiemanagement-Tools Zyklenmessungen im gesamten DC-Strombereich
« MATLAB «+  Customized Benchmarking-Tools + Redox-Flow-Testsysteme
« LabVIEW + Module fiir Systemsimulationen o L fiir Material-Unte hi
+ Python o Stacks und Prototypen bis zu 15 kW
+ AutoCAD Map 3D Impedanz tr i und
+ ArcGIS Zyklenmessungen
- Qcls + Dreielektrodenmessanordnung und Rotating Disk Electrode (RDE) Setup
« STANET « Laborausstattung zur und (
+ FeFlow Hochtemperaturdfen)
+ Radiance N

© ZAE Bayern 35

Massenspekirometer fiir Gasanalyse
Membran-Elektroden-Einheiten (MEA) Herstellung

© ZAE Bayern
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Ausstattung TES

Technik:

Verschiedene Kalorimeter

Mikroskop mit Heiztisch

Titration

Taupunktspiegel

Sorptionswaage/-analyse

Teststande fiir Warmespeicher

Teststénde zur Analyse von Warme-

und Stoffiibergéingen an Sorptionssystemen
Dichtemessung

Ausstattung HCV

Technik:

Statische und dynamische Vermessung von
Warmepumpen und Kaltemaschinen (Hardware in the
Loop)
Vakuumpriifsysteme zur Vermessung von

in

Bedingungen

Bestimmung von Dampf-Flissigkeitsgleichgewichten

wassriger Lésungen

Di L von Ui

bzw. ¢ (+ )
tersuchungen in L 1 wassriger

Salzlésungen

) ZAE B

38
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Ausstattung SGT

Technik:

Solarthermie

+ Hochtemperatur Kollektorteststand
+ Solar Tracker

+  MPP Tracking fiir PVT

Oberflichennahe Geothermie

+ Thermal Response Test (TRT)

+  Priifstand fiir TRT-Verfahren

+ Kl mit B neiung

Sensible Warmespeicher
. L fiir sensible

- Laborpriifstand fiir Schichtladeeinrichtungen

Ausstattung SYS

Technik:

. 1ssténde E!

. hsstand zur von I und
Brauchwarmwasserbereitungen

. hsstand zur der War

Triaxialzellenversuchsstand zur Messung der hydraulischen
Leitfahigkeit

Warmebildkameras
Raumklimamessung (CO,, T, p, relHum)
Helligkeitsmessung
Temperaturmessung

Feinstaubmesstechnik

Abgasanalyse (gasformig)
Heiligas-/Thermodl-Test-Warmeiibertrager

© ZAE Bayern
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@ Bayasches Zannum fix Angevante Energiorschung sV
i Rachie vorbahaten, auch besighn juar Vertagn, Venverung, Resroduktin,

© ZAE Bayern

@ Bayacscnes Zarnum ir Argvandte

Ensrgetrscrung 5.V
Jodor Vrfigung, Verworung, Rerodukion, Bearboiag

Recha voroanalen, ach o

D BN ot von st
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4.2 50Jahre Spittelau (Wien Energie)

Unsere Kraftwerke
stabilisieren

Energle aus iber
1.000.000 Million

Ausgozelchnoto Bonitat mit
AA"R:

Klimaneutral

bis 2040

Jede Woche sine
Photovoltaikanlage

2179 Mitarbeiterinnen

und 43 Lohinge

das Bsterreichische Fornwime fir M Shomansaiote
Stromnetz
440.000 N
Haushalte o :D\y
NN 111
Y
1,29 Miliarden Euro Wi versorgen e

DIE ENERGIE VON WIEN

197

Niem
Hezoetrie®® W

GroBbrand in der
Miillverbrennungsanlage
Spittelau

Allgemeines Krankenhaus
der Stadt Wien

DIE ENERGIE VON WIEN
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Miilldeponie Rautenweg bis 15. Mai 1987

ab Dezember 1992

FRIEDENSREICH DUNKELBUNT

REGENTAG

Geboren am 15. Dezember 1928 in
Wien als Friedrich Stowasser

Gestorben am 19. Februar 2000 an
Bord der Queen Elizabeth Il im
pazifischen Ozean auf der Fahrt von
Neuseeland nach Europa

Die Wiener Abfallwirtschaft Die Wiener Abfallwirtschaft

vermeiden vermeiden

11
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Die Wiener Abfallwirtschaft

wiederverwenden

Die Wiener Abfallwirtschaft

13 14

Die Wiener Abfallwirtschaft

Die Wiener Abfallwirtschaft

15 16

Richtiger Umgang mit
Lithium-Batterien/Akkus

Passendes Ladegerit

Unter Aufsicht laden

Hohe Temperaturen
Néhe zu brennbaren Materialien beim Laden
Bei Erhitzung der Geréte Acht geben

Nicht in den Restmiill werfen

Batterien & Akkus sind recyclebar

Vor dem

g

17 18
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Die Wiener Abfallwirtschaft Die Wiener Abfallwirtschaft

19 20

Die Wiener Abfallwirtschaft Die Wiener Abfallwirtschaft
il s

21 22

DIE ENERGIE VON WIEN GroBwarmepumpe Spittelau - Dekarbonisierung der Fernwarme D1E ENERGIE VON WIEN

Femwdme 4 Versorgung 1on 16.000 Haushalten
e | Ensoarung vor 22000 Tonnen CO2/3ahr

Rauchgaswsche Grofiwarmepumpe

;;;;; it~
eenzseigerung
der A umca 13% aut
— [e—
95%
s g o g setangina Vetangler
(il it e
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~ — . ~ z“\ ‘
Geheimnisse ™ Hochk 7 < Geheimmizs® 2™ Hochlkam? < <
25 26
’ ~ ’e ! ~ e
b i o~ b amn o~
Cieheimnisse 2 Hochs 7 < Greheimnisse & Hoch 7 L

o

27 28

Vielen Dank fiir die Aufmerksamkeit!
Volle Energie fiirs Klima!

29 30
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