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BIRBEROREHNDEARE: EBHZE—B, #8(CE L. [R~XKRIBOEBHS X
FAICTHE=8%] L. FELazE->c EBEICTRE] s 3“Power-Heat-
Power” 5+ 7 0O& I L.
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HiB8 : ). R. Eggers, et al.,, Journal of Energy Storage, 55, 2022,105780. (Copyright No.: 6082120958397)
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A/ —)I\vFU— (CB) OF 5 CB & LIBODHIFELL B
. LDESICi#ElU7=B57ekHARS : 8 to 72* hours L

< 40% (ETES*)

P2P#IR = 659, > 85%
. ‘ < 65% (PTES™)
o IZHBEBIFIDNIR N s
RGN 2 90% 2 85%
o — 1w HRE
A=) AUy bR (E8e& A B) B . .
« {EJAD : < $100/kWh EREF AT VIR EICK o
(BAIZETTEEHIZDDCAPEX) N JENE  oisemm
- ERHIMIALEZY : > 30 years SRS T TR o v
- [BMH ;. TR ZFIRTBCE IR © a
([CEE T DERADAU W ~ ISw RS — x o
. HAHKW) EEEE (KWh) ZIMSIICERETE R ° "
" = - Op L Li/Co/Rh72: &
° ﬂ%{#ﬁﬁ (j yl*l/—ia >) b“ﬂﬁg *ETES: Electro-thermal energy storage (BHZHLCE—4~—fER)

“*PTES: Pumped thermal energy storage (EBEAZHR(ICE— R )

9
£% . Luke Rose, "Malta Pumped heat energy storage” IWCB2020 :&/E& ! s HOKKAIDO UNIVERSITY
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IWCB (International Workshop on Carnot Batteries)
- CBICHHE U TzER ==
. CBRIRDMEBNEE > T u
2018 MO —FEIChIE TN T
- 2028/204F(C(ICBIEMEHE PFEE
MREDLEDEES.

2% : 3¢ |WCB HREREN R E

Z1ALTA

IEA ES Task 36 (2020-2022)
~Carnot Batteries ~
- IEATRILF-ETEHR N T O S ADOEBREEHATES)
- CBICEH9 1MIIBIRT S v b DI A — AHEILDHH

HHROCBEET OS> T bDFE E8HH

Storage Power [MW] vs Storage Capacity [MWh] Storage Power [MW] vs Storage Duration [h]

1000 — 1000
= * .
@ Rankine cycle Il r
? . P - *
. 100 - epraytoncycle : =T _. 10 T F
T o %o 1 5 . 2 E !
s ® Other & hybrid = * 1
T 10 5 ¢
i g : .
2 » 2 » +
® ¢ & 1 —*
2 L o g e
S
H ¢ g rad
" $ Y .
* »
0.0, 00:
[} o 1 10 100 1000 10000 100000 o 10 20 30 40 50 60
Storage capacity [MWh] Storage duration [h]

* P2HICE I A —H R, Use caseDEEBZTE

LDES (Long duration energy storage) Tﬁj%%%

- LDESICEA I BiiE= e P A
COP26THZ e

- BZERAILDESOREBERMEULUT ~ vomn con
KBS i $ mmim

+ LiBYH, (236 L T8~150hD oo e o e
EIARTEUEDHES i B s e Do

ItX e Stiosdal @

50 HER8. 190 .@**BD
£% : LDES Council /R—A/_—=0/31d IWCB RERERI KD https://www.ldescouncil il.com/ (202358 H27TH 7 71z X)

IEA ES Task 44 (2024-)

~Power-to-Heat & Heat integrated Carnot Batteries
FOR (Industrial) Heat and power Supply~

£/ (CFHEe]
BEIRETILZHAETE,

Power to Heat Heat to Power

Supply Demand
VWASTE HEAT
e o -
Electricity Ele ctricity Task 44
é | i é =
I~ tt
i @ STtk

& HOKKAIDO UNIVERSITY
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2022 B %, BhESENHRENTIEM, SEABIEDHot topic& U THARPR TR,

* Web of Science (CC“Carnot Battery” “Carnot Batteries” “Pumped thermal energy
storage” “Electro-thermal energy storage’’z ORIRZR,

80

70

10

2009 2016 2017 2&8 2019 2020 2021 2022 2023 2024 2025
1st IWCB . Task 36 Task 44

s HOKKAIDO UNIVERSITY
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EHTHEE (XE(FPITENM) =N TULWBSHh/Ia=/E I RbFHE

HA[MW] vs E[MWh] HAH[MW] vs BT RER [h]
1000 1000 T I
——0— 5
® Rankine cycle . ; *
. 100 o Brayton cycle | :‘ o ‘ . 100 r _
— — - { b b — -
g @® Other & hybrid | @ e I g "
5 10 F ¢ a- g L. | 5 10 } 12 - @
2 ! T 1 T 3  d
8- L, - L 2 ! ! 8 =
& 3 ' - ) 1 F |
e = -1 L -
o : i o
b bt
01 r | 01
# |
0.01 L @ ' : : 1 l 0.01
0 0 1 10 100 1000 10000 100000 0 10 20 30 40 50 60
Storage capacity [MWHh] Storage duration [h]

« 100 MWIZE DO 1% IH D T=RFRPIZ 2L,
BT XRIFM E LT, IRBIRIE10~20 hWiZE (C/RwY R ARY b, 24 WEBX D5TEE.

Z:# 0k © Novotny V, Basta V, Smola P, Spale J. Review of Carnot Battery Technology Commercial Development. Energies. 2022;15:647. s HOKKAIDO UNIVERSITY
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MALTA Inc.

E— MR TFICKDEEREIR

ZATLGAT Pumped thermal Energy Storage (PTES)
IR FFEH

ZRHA BRER (BRMKE)

o =afdl : ARthEEEE

FEENAA /SN, ﬁ(ml{ =H

AR RE : SRS K

ZEvmEE 550°C

FEHN 50-500MW (87E)

ITES= 8 hA £ (&%)

Hi88 : https;//www.maltainc.com/assets/pdf/Replacing%20Fossil-
Fueled%20Combined%20Heat%20and%20Power%20Plants%20with%20Malta%E2%80%995%20Pumped%20Heat%20Energy %20Storage%20Technology.pdf

- ARMSIERAS M ERRIBAS T FHUVZPTES (RREEBHFRE) .
o ARA UICHITD1AMWh DERIEIET 5 > NMESRZETEF (2025F6AK =)

%:3# . https://www.maltainc.com/assets/pdf/Malta-Data-Sheet-2025.pdf, s HOKKAIDO UNIVERSITY
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KYOTO GROUP

SRFTLFAT E—5—(CKDEAZH
AR A
SEMAIZMEAR ORIIHERE
SHRE < #9550°C (%)
IREORE <14MW
4 R. Guedez and S. Trevisan /E\?}_Eﬁ?éq'% 39'1 04 MWh (:E:/“j_ _) l/:_l:t)

“1-UPS: Innovative high temperature heat pump for flexible industrial systems”
IWCB2024 &L

« BRISIRRAERZ KA U/zPower to Heat>> X5 A, 21— TE=IEKXTIEE,
« 20224 (CKALL Ingredients, Hungary(CEEA &Nz,

*%3% : hitps://www.kyotogroup.no/heatcube s HOKKAIDO UNIVERSITY
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Rondo Energy

SATLIAT E—5—([C L DB

AR SRS BR

ERTN EMATREASZ

SR FREL,

FAIRAR ZER,

ZREE Bxf= 1500°C

BRRE RHB100: < 20MW, RHB300: < 70MW
TGRS RHB100: 7 MW. RHB300: 20 MW

%ﬂeg

RHB100: 100MWh. RHB300: 300 MWh

s BREBIE—HY—(CLDERERH,. 2024F X T(C200EMHE EOEETRE
- MEOERKRETO> T U haRER,

% : https://www.rondo.com/ s HOKKAIDO UNIVERSITY
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ANTORA Eneray

TER(C @IV —) VT U — & (SR R3S i OBERT Oy O OEENIF

SR SRR BRE
(AT>3>)

AR/ F TR FE TRL Factory tested

JO>x o ~EAE

ZE7HN EAERZAZ EL

ZEWA RRIJIOVD

EURIK NEEH R

Smo]geioaE/BiR 1 ~2400°C
4K 1 100~400°C

IRFRE 460 kW

z'z@;tl,'f" =

e IN= ==
%%‘Eﬂ'}mz

RERI O I BB (CERA. IRIR100~400°CI2E D I CEEBFIFAZIEE.
°:E/:L — )& &G 9 D L TAEFELERIEE.

%%  https:/lwww.antora.com/technology

s HOKKAIDO UNIVERSITY
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EiEE N
Rankine Cycle (RC)

H to P:

Company, Charging Discharging Storage Capacity/ Roundtrip E . o
System Method Ak Method Roweer Catput Duration Efficiency Slale et Middle-h Ig h tem p (< 700 C)
Slemens Resistance Volcanic rock steam Rankine units to 25% to —— S H SI are bel n g
Gamesa, 24h Demo [32-34]
’ heaters to air bed~600 °C cycle 100s MW >40% o
ETES ' developed for RC.
RWE, Resistance o steam Rankine o -
StordPovies - molten salt cycle 100s MW hours ~40% na [35] ) )
Resistance Graphie- steam Rankine lab proof of H '9 ol titrah 'g bl i
sista S ~ steam Ra I _ - ” .
E2S Power — alun]'ntu;t;::néllm eycle 1-100s MW hours 25-40% concept [36] SHS/ are bei ng
Low P to P efficiencies developed for BC.
(< 50%)
Mostly using steam as a
working fluid for RC.
Various fluid are considered for
H to P: Brayton Cycle (BC) .
Company, . Discharging Storage Capacity/ Roundtrip .
System Charging Method TES Method Power Output Duration Efficiency State Ref. 1005 MW IS seemed as standard?
247Solar,
r Electric resistance o — Gas turbine 200 kWe— s Concept, 0 ¢
H?ﬁ:ﬁi‘;‘:“ heaters s (Brayton cycle) 100s MW o=alh L design 1820 Several hou rs
< duration/capacity.
Silicon based Gas turbine (also (donr.‘) De end i n on a Iications
1414Degrees, Electric resistance alloy, melting steam turbine, y s ” A
TESS heaters temperature Stirling engine, BRI GV 23 HE [r ].‘.'dnn!nl}’ (°1] p g pp
1414 °C direct heat) hnpi]i:ta e
Low P to P efficiencies
5 - ; CO,
Peregrine S Graphite- =
Turbine E]CL"]_'[L‘ r\:sls.lance aluminium alloy €O i?l:la%:mn 1MW 8 MWh 45% ) lurbu:tlc-/ [92] (< 50%)
Technologies canL (MGA), 800 °C agee um:s-:;bm

s HOKKAIDO UNIVERSITY

Hi# : Novotny V, Basta V, Smola P, Spale J. Review of Carnot Battery Technology Commercial Development.

Energies. 2022;15:647.
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PTES (HimZ

&2

g&) : Rankine Batteries

Company, Charging Discharging Storage Capacity/ Roundtrip
System Method TES Method Power Output Duration Efficiency State Ref.
Steam Saturated water Steam
Spilling compression & (steam expander up to MW hours n.a na. [37,38]
liquefaction accumulators) (steam engine)
5 Steam cycle
GE AMsEss  'CUz Praytond el with 20-100 MW 8h 12629 Concept [39]
el. heating water tank e
extraction
Consortium Heat pump N 3 MW scale lab proof of
: M a vate ) s ays 2 0
CHESTER (organic fluid) G and wakic L (8 kW exper.) howrs todays A5 concept (40]
Heat pump WatTIE B - concept with
Climeon s district heating ORC 80 KW to MW hours 25-60% e [41]
(organic fluid) existing ORC
3 system)
Heat pump 5 ‘ construction of
TC Mach Ly Stone dust TES ORC kw hours n.a proof of [42]
(organic fluid)
$ concept
Heat pump water (hot) and R . N =
Future Bay (organic fluid) PCM (cold) ORC 10s kW hours n.a Demo [43]
I 1
1 1
I 1
[ENp—— @ . 1
S Vaporization :
— e Liquid air + 2 . Pilot, full scale
Air ac i >Xpansio 2 60-70% . : 3
Highview Air liquifaction other TES L:i:{]‘“:( n 50-350 MW about 6 60-7( construction [44-46]
hine
MAN/ABB, 120 °C water + CO, Rankine
. )> he ) 2 ~5 ~45¢ ab de 31,47-49
ETES CO; heatpump 14 (ice) storage cycle several MWe 5h 45 lab demo [31,47-49]
N COz heat pump, G 0. R X
Echoger, fuidivedbed  [ENERSIUSSISENY  CO: Rankine 25MW 250 MWh 60 design (50-54]
ETES e ice (cold) cy cle
CO: L Vaporization 7 iy .
Energydome, ) ke Liquid CO, + gk 10-80 MW o Pilot e
CO; battery “;;1:51.: :::i::;\' other TES L\lt?f“;]’i.m modules 20-200 MWh i it 7 construction [55,56]
T T N
P o s i I

A typical type is ORC using
organic fluid as working fluid.
Another type is CO, Rankine
cycle.

Low temperature TES (< 200°C)
was considered due to temp.
limitation of heat pump.

Almost all project considered
< 100MW. This is also limitation
of heat pump.

Several hours duration/capacity.
Depending on applications.

Better P to P efficiencies
than the electrical heating
systems

Hi# : Novotny V, Basta V, Smola P, Spale J. Review of Carnot Battery Technology Commercial Development. Energies. 2022;15:647.

HOKKAIDO UNIVERSITY
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TOfDdI> T b

Company,

Charging

Discharging

Storage Capacity/

Roundtrip

System Method Lo Method ot gt Duration Efficiency o -
Electric Aluminium | Multiple pilots,
Azelio resistance based PCM Stirling engine 13 kW 13h -30% production line, [115])
heaters (600 °C) commercial
CCT Energ Electric Silicon based up to 1.2 MWh
Y resistance s T Stirling engine 5-100 kW P = na. Pilot [116,117]
Storage Yentors PCM (1400 “C) per module
Electric Metal h\‘dridc.\} commercial
TD‘SE‘I)'[E“:ISY resistance (MH)/metal H Stirling engine 30 kW 15-720 kWh 40% installation [118]
8 heaters carbonates : effort
Electric :------_-----:
Kraftlagenn resistance 1 Ceramic system Stirling engine and AT .
Miinchen i I (1000°C) i ORC 60 kW (demo) 1.4 MWhy, (demo) n.a. demo [119]
waste heat : i
NREL Blackic i Fluidized E Components
ENDURING = - ipacked bed with; ~ Combined Brayton _ prototypes,
> 3 50400 MW 55% ), 2
LDES (GE, "‘;":’t;_n“ | solid materials | and Rankine cycle -0 B0~ demo P
PEI, Allied) sl 1 (1100°C) ! preparation
T T
Pintail Power, o rteie [ 1 “
Liquid Salt ['.!}cmL i i Cun:nbushon from = 82-96% (+ Patented =
< resistance 1 moltensalt | combined cycle _ 24h : : [121]
Combined . I H : : dozens MW fuel) concepts
Cycle heaters : H integration
1
T T
Pintail Power, " " [ i - ™
Liquid Air (umpere.sur i o i Con?bustlon from " 7118% (+ \ Patented -
: for air 1 liquid air combined cycle - 24h A [122
Combined Hauefacti I H : . dozens MW fuel) concepts
Cel iquetaction H H integration ’
! 1 H -~
Electric i : i 5
Antora Energy resistance i (’m};].::i: bé-mh i Termopl:nl(I)to\ it 0.1-1 MW 10 MWh. 40% T‘ruuf. 0{ [123
heaters l___(_'____l__' <« concep
Compresed NaOH-H;O Expansion C
J O SO 18} S v_ . - / 3 3 [~
NaCompEx et fg"‘““d SR followed by 10-100 MW 60 kWh/m ! 80% 1 Concept,design [124,125]
Y concentration sheorotion storage Mo
desorption difference SOfF =

Hi# : Novotny V, Basta V, Smola P, Spale J. Review of Carnot Battery Technology Commercial Development. Energies. 2022;15:647.

Various types TES such
as SHS/LHS/TCS are
being developed.

Stirling engine is another option
for H2P.
Relatively lower output scale

Combined cycles and combustion
assisted cycles are other options.
Relatively larger scale concept.

Small scale types (=10s kW)
have been already commercially
available.

s HOKKAIDO UNIVERSITY
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. F‘% EéEﬂBFIIﬂ (L_a:_)\(,j-é = ,H\EZ']'I-I-]@ETd%ﬁij/E}EH r;.i_lmfg:)\?im?jfﬂﬂami;‘lx :{7? bftff?:r) -I-oTJL* bi'*um LzD Ff;%';&. \%T_ Eﬁ"ﬁfg.ﬁ

BUEBARHS AFAS S 1R~ 3>, ST EAES0D EREEALEFIUS 25>

~ |\ 7- = TRIADBESZFITL). DROBLEDERERD EHNBETHD. &2, D ERDFHICHIE>TIE, MHEEH
ES ““%44: j I;? j:i'rl-] o & OD}EL%i E= [CRDMENRIRILF—-FIBPREROL UL REECEAT MR 07Uy REEETHD. 5
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EAEA st 2574X (§) - DEEH () ~ 23

& 0219 hoflE
SRATLFAT E—5—(CKDEHZLHE (ETES)
Electric FUHE R AR EE TRL EVOTY TR —)LI5-6
Heater TOS T MR P15 4/2002~

EZ8AR BEIAGREER (BADFRIEE)
ZEWA =4 (20-50 mm)

BEAR ZER

ZEHRE > 700°C

Z8 (B8) RE 60 kW,, (E—4—/H%PJICT)
ZHRBEE 500 kWy,h (HE%PJICT)

« BmMBAREEIRE CRUINDOEGEBEPIICH U TEAESD D,
e 2024F KD, FIOMWhIROBEABRAT RNV RRMDEIISZEN ST — K,

Ref. https://www.global.toshiba/jp/news/energy/2022/11/news-20221121-01.html s HOKKAIDO UNIVERSITY
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ot

(Generation) :/Xj—_Ag,rj’ E—A—(CLDE ﬁg}ﬁ (ETES)

Turbine——= Generator

--------------------- FEE TR TRL a>tT b2

Metal-based PCM
regenerative heat exchanger
T

I
.

________

| |
| |
G
: ¥ il Replace
L
| |
| |
| |

TherSTOarLegr;ergy | ~O> 1 NEARS NEDO/2019~2024

Condenserl =, “EEED I —)UESERBEER
Y EE/\\\?Ij_Et E*ﬁi/:%ﬂz
Deaeratorf > | 1=k =259t

|

T o o - - -

(Partial replace is 1 =it

also possible)

aD) . Al-Si é‘ﬁ‘}*a*?tfﬂ%?tf{&jj (T..: 577°C)
SR Al-Si-Fe B BRAZEEWM (T, 620°C)
8 L. Oy e R KIS
i _PCM container a) Overview i EZEREE <620°C
I .. weansses D) Cross-section of | sazm
i it Jili pCM double tube PCM ! 5600 kW, h (Target)
E I T module i 7 700 MW, (Target)
|| heater i . b
i , : FREMNR (P2PRIEK) #9 40 % (Target)

- ARNDFRBARIOBFREZIERA I 20> 170 h. EERBRSBBMOERAZIRT.
« OSBRI B DIREX RIS EZEN,

I\\\

Ref. T. Yamana, TESSE 2022 presentation documents s HOKKAIDO UNIVERSITY
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SRAFLIAT E—S—(CLDERZLIR (ETES)

FAARE /AR EE TRL N>F R —)LI4-5
JO> 1 NEAR NEDO/2020~
ZEAT BRAEREAIERAER (FIEfE)
"""""""""""""""" g;&*ﬁ_ AI'S' éﬁ%igﬁgﬁ/\ol/\y '\
(T.: 577°C)
2RV N Air
ZEHEE < 800°C
BEEBNL WY M ZEHEE ~120 kWy,h (Z5%PJ)
- Al/Si/IODFH THER% ey e
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, 251 High-temperature tank /T

2" s AH4T E—H—(CLBZEREE (ETES)

" @ Pump

iw TCES
reactor

3RS/ TRL ROFRT—)UI3-4
JO> T MR JSTREHSAGESE%/2022~
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=pihaRst TARETEREEA
e SiC/\ZHALZHFEICa0
ZE et T
= ARUINRLIE
ERAK BREESIE
Left: R 600°C (Maximum: 620°C)
Ca(OH), + SiSiC foam > :
composite
: Right: SREE -
"% S o @ SiSiC foam
« CaOXRT = hILE— MR THARMEIEED/ \1 T U w R U CTHENSER,
- REABIDWETE,. = 620°C ANDOFRA. HRREEE CODARHRIEF HZER,

- CaOERIHEET. RiETE. BETBIREDHEMNMIFE TE. BAROIFILF—LZERECES
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Overview of project

System Type FREATE - Enx (BHEETEGA])
Maturity/TRL NRFRAT—)I4-5

Project and period 2023~

EEFAANIE 15— Type *gibgﬂ'ﬂ:?gﬂ

(HBAZATHAR) , . y
Storage medium  NLw hEICaO
e : p
4w R in Heat transfer fluid ~ ZEX
HERT KL —5—0 &R

=T TILAT

Inlet temperature ~ 700°C (GRBR(FEER E—45—{ER)

Rated Input 10kW,,
‘ 3 | yEFTRELIR S RESR38IFEISEEE
L0KW HTSRi TRaR=R M2 50% (BIZ) xamsms.iE74%

- BEIERCEERS AT LAZHEF
« E—A—(CIXDBIREHOBNETEN S TS > hVtE (Power to Heat) (CEILFATIEE

S EREMIMIZE (KR ARG s HOKKAIDO UNIVERSITY
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ESREE Energy (2023%E8lI3)

E— bR THAO)LICKBEBBRZME (Pumped Thermal Energy Storage) ZRX—X & UTE

BV =)\ —ZHFE L TLWDEATH—DIEE,
https://esree.co.jp/

Blossom Energy (2022¢ERlI%E)

FINZEBMRE U CRHVWD I —IREBRRA S —Z/FE, 2024F(CT0O M A TZFHK.
https://www.blossom-energy.biz/

EAREE (k)
2019, CaOZZERM E U CHIRAUEERIEFEEZEAS AT ADEIEREZ HFE L.
R THISH TTIHICERE. EEE, https://www.aichi-steel.co.jp/news_item/20191025_news.pdf

(%) BIAARIE

ILEBERFORFE U RBRERM OB M ZEIL. 2025F XD RZMAEEE (CHRTZET
O=1 7 b (NEDO Bk HzHAERCHEITERATRILE—OMEHER - Ha@E T 0o5..) ZIRE)
https://www.nedo.go.jp/content/800025982.pdf
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BALMEDCAPEXDIBD TASIENE (30%I2E) &3,

S&. BIOX MEEAtiOERNEE,

- Bt —4~—
BETEA T 1E DY OOMWHR D51 1
RS~ (5AEKW~) *

021F11H68 BAFMEHE NS /RSO LA FIFHK &
https://www.scj.go.jp/ja/event/pdf3/316-s-1106-1c.pdf

N

¢ IE;IIEII. t - I\7I-( >70(Pumped Thermal Energy Storage: PTES)
200~600°CHRkDFHFEED N KRMEIL (DLR. Maltaz)
COP: 1.6 ?*

HAT(IEEFESHA]N (4 : ESREE Energy**#1)

*httpsy//www.maltainc.com/assets/pdf/Malta-Data- Sheet-2025.pdf P,.s =Heat e ot
**ESREE Ene gy?i‘l’ LR—Z https://esree .cojp/ o Rotation heater
P || P Poim
— 4w Grid
LTG (M Hab—{ () ]

* EE;K%I|\\*%* FuME  FISHE i
HAFE (Txlf—waTsmem S8 B
POCZERK. KX MEDRRRF

CAPEX (%/)

180%

160%

140%

120%

100%

80%

60%

20%

0%

ERE
Bl

=z, =/u
XRE

fTEs

“HE

"
|
N
1

BREY

BRE Y

ARYE

s BREDIXTE
B4 %%Uﬁﬁ

3 HOKKAIDO UNIVERSITY

30

RSB MRBICBS1 3 CAPEXHR"
RRAF BHHER &

® Molten salt

= MEPCM

W HT tank (Molten salt)

® LT tank (Molten salt)

m Main tank (others)

m Pump for molten salt

m Motor for pump (Molten salt)
m Pump for water

m Motor for pump (Water)

m Blower for charging

m Motor for blower (Charging)
m Blower for discharging

m Motor for blower (Discharging)

Electric heater

m Melter

w HEX for Molten salt

m HEX for Air

HEX for Condenser

m Steam turbine
m Transformer
m Engineering

m Construction

m Contract fee

m Contigency
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(2] EUCHTEL S B/ [8MERE] &{ED/ TRAEMFE] hialge/an)L ) —)\y 1 —
(&, MROEIRFRIC(FEOWERRNESNRRA MY F I DEAHENDD.

nﬂiﬁ %ﬁ%a(«.b‘ﬁ'%CAPEXP‘JnR*

. POl nt 1 W RRAY B A
BEO7EY MEFRTE 3T . e
— KRR/ Z B e AEEF T i a AR Ee N
NAKBORE (HRIER) BEEFC - . —
- Point 2 ;. m P o
BEE NG ST ~n .
SFEBENR 40% + EHFIAH 50% = FBENE 90% B B e
MFI DI P2H EEER AT 3> B
ﬂtbtl*»#—%%%?é%&&%?f)h . o
B IR MW FORIEE R e
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Bk X NFEEFIZESEFEERN

RWE Power 11

AR X DFEEROARINA S—8lDHZ., BRE—F—JB/REBRSATAIC
BESNR. Y—ES AT LIRETDMDNNIFEEMDS AT L7 ETDFFFH,
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HP ek Zh4H

H_eEDhYvIUSD

Z%& *https://seas-nve.dk/erhverv/

7L =)\ U — CHEEMie EEAH S DR TZBEBHIG (C L DR
BLRILF—3F0%ULE=UFILAAZEM) HiA]EE.
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BEFIRAT DIERNDEAN (fl : REXFR)

FHBHBA
® ..
ge {%*{
g CCUHE \E%i
SILEH 2 i'L g4 1) X (Task1) {'\2':
2 H %
N EEE 2 N R
=, (HEEAEIURY) - (3Ezhy BEZAEIUN) Al | Or lRIEENS

BIR CBZEA UTZ133K

L) =)\ U—(&, HEFIAD> TS (FEEPR. ZEE. FINSNDED
mralftiary NJ—2) ZE2CHHTE, BRSEEDOHDIETIRIEDuIEEE ! |
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TARA S A B A
_ | a=mcar 0/\>RUSDES O REAEE = Q=MCAT+ML "
S T e o BHIC AL AT HE © —EmE TOD = .
g (e Welght) O WU\l FAREE = T = Release
®© ‘ ‘ = -
S o Shell: g -~ Latent heat
3 Core: Al,O, g Solid
s __— Alloy 2 5
(@) i : P
s ? PCM | T : ;
1 | 1 *\
T, Temperature [K] Ts Temperature [K]

MEPCM

>I)b: BRREH — 17  BRAER

EMFEBER (BES=vOIR. BRARE) LBREBRMASORMZHEIDOINAD
Uw REBEMFBIMEPCM (MicroEncapsulated Phase Change Material) ZF% (2014~)
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"SR = D DH2@15MPad
BRIET >4 )L E—iY

EBIEE

- -~
\\\\\\\

-~

L adE: B4 === (%) BAAE

—_— i i

* ASERORECERERNT  mam g & BT VEICERECRS S = AR
& T 0TIV B o B ELTDIS KU TNk

B 5

/?////’:%;;;/
----- G
sed44

P

/FMEPCM
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FIEBEX/Z(I/)\—=H LBEIZHZR BE i DE{FTA A Z Z0 140

5 5

T

MEPCM
Pellets
L0
ME) PIMFIEER
BARIRREZ & (CHEF I BB (h—)L. /\ZHA. BAREBRUR GRh—)L. I\THA, FTVvH—L>H) &
Fryvh—L>H) ERAEDEEFERRTORIIIA, TRAAD B EATTNDEAIIIA,

B FDOBEMATERAZEEMICL O T v v MBERROI>Z=77Y > 2J(CT. MEPCM
(FZFIHDIEE (BE(IC KD TIFMEPCMZEZIAITNIE T ITEX D)
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ROFRT—I)IVERETEZ1—)LDMark I (120 kW, h) . MarkIl (~50kW,h) ZFIF.
B> —4SE8., SVVAZIRE, /\> RUSDIOWNBSERFJIEBRSEBASZSHS AT AFHFEA,
IWCB2024*[CT“ IV —I\vFU—DBTFTH—LFI S ERDBDI M & O,

*International Workshop on Carnot Batteries : 73)L./ —/\w U -9 3FPIDEREEZ. “Carnot Batteries"Z42M8 U/zAndre ThesslETMNSMD I A

Mark I Mark II Mark I DSBS —H &

——— ﬁ :t 1 —
(50 kW, h TiRZEZE mi7iEY) EFT )LD
- -t ' " 800 0.4
700 0.35
600 1 03
ey g 500 1 025 5
(R E A ° 2
% 400 _T40in exp _"T4Oin sim 0.2 ;
5 —Ts0exp T30 sim 2
g _TZO exp "_TZO sim '%3
= 300 Ty exp To-sim 015 5
—Heat exchange rate (sim) g
1 N —Heat exchange rate (exp) =
- ;"A-‘;7 = 2 .1
Heat Cube oy %0 0
Mark II ' '
‘ . 100 1 0.05
0 0
0 4000 8000 12000 16000

- : N Time (s)
U= IRIVF—RHICH TS ERNEIMOEIFIRMRMARER ITRILF— RIEDHICHT3EMROEITOEIRILEHAFTHTRE s HOKKAIDO UNIVERSITY
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- MOERERAT ELENT, BREE. BERE CERINEAIIE.
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(AIZE) Ry 22
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.o10) 2L 2N
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