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|l Concept of Target proposal for MS
1 Tar geatopofsoarl MS

1. ITi t | e tafr gtehe proposal for MS

0 Toar cha"'vtODO HO DOO decentralized aut onomo
net work society that wil/l be free from
2050" .

Here, fAbeing fmeaendabmhemanglpéi ngs can harvest a

energy from nature andsehathibeehargesttoeg maaoatd af

environment .

Note; Title of the target proposal for MS when th
0 Tochiemadecentrali zed aut on obnmaosuesd noent wohrek csooncci eepity C
AHOLDOLHOhD®@OmMehr gy harvest and circulation

l1..8ociianlage that should become real

AHOLDOLHOLDOO is a Japanese perception, meani ng
too hard, feel equal, and make a decebe¢i hgvohg wi
peopl e. At t he rodtei adhadbaipane od Wdlalramg and ci
accomplished bwi akitegmwloe kbal ance with others into
This concept of AHOLDOLHOLDOO is fundament al t
society, and similar to AMottainai o this idea sho
For acha eveangntrali zed autonomous network socie
MHOLDOLHO@a DO, goal is to establish an fAenergy hary
cut teidme technology to generate, stor e, and tran
revol atsi oesht lhteemhati hkabl e devel-opwiemd fodnetnieomy, i n
highly advanced heat accumulation systems, which
power generation, Hmeul aneéd sheelsj ngupemstructio
transpoOwbnpont.hese advances, people can |live ol
generated from nature as renewable energy. He at

used to store anBotrans@Eanltectnredaghyemi caly met hod



storagenmoni a i s stored and transported to gener a
are usagdckatte an entelregtyn ssedhbeswro ckigh heat cascade usa
as energy quantity and quality. T h resg ap rdd ;negs st hies
fathan mproved efficiency of heat utilization ult
systems, regardless of the energy form.

Those who invest and participate in community e

regionalbyasogdenergy i n t hreesubtsdantpy aicse ,n atnds u fff i
they can adopt other regional energy sources. Fur
from their hometown and reminiscent of dudhlk | ocal
a society can share natural energy along with cl
kindness beyond time and space.
O O K d a
:TS,;MTCM;;; ‘s gy do O J @ QP
TESS = T NN
< 3 QIR DR
s NG
ﬁ'- & odi ' ;a
... DA A 5 ® Oya
' Maopralatel gy
N ’ orag 3 - 0
-»l.ﬁ 2 .‘.'
= LS S /‘\‘ ,\
5 —=r = v
s
Bx 58489 _ ESe o
Fi gl Sbci al i mage that shoul d |
AiTo archi 6 HO DE® decentralized a
net work sochetfyradaftromllIli mited ent



2Targets (Il mage of accomplishment: What i s
20507?)

Tar det
To achieve 50% ¢he ogyrhp ledtee oif oe xkhya050 gas
(2020 c (iot3dDr:i amarc)h2 &% ee moevregy conservj@ation in some &

Tar et

To generate reneswaibthe ehémgyet hauoowhjihah segrseregry i s
sharedciamcdil ated amongheheebaanbdoeemesvablgyey Ehat
meet bkkeman d ufrarent en@O0g89P: usaheeve over 50% energ
in somg areas

Target 3:

To connect information value and energy by 2050 ¢
productions and esseirtwiodeuscet g ol &If g ¢ eteankgeyn s )

The newlyabkbdhadaedgd when, awhdkerweoedptee ms of, storage
assurance;eonfd qrueedyicdlye mankxchaageabbegodiest ances
t hr oiugfhor mati on technol ogy.

- 2021 .
: . 4 breakthroughs contributed by
Outside region/

overseas 2050 — 2050 6 —

T Tetra -Networking among electricity, heat, and heart
pa breakthrough

t
breakthrough
""""""""""""""""""" e Ultimate energy conservation T50% Circulation of value
reduction
No coupling

Wind Regional currency
power
Low efficiency 3

Spiral up!!
Coupling o

(Evolution  while
with TES

circulating)

Dl

1eay Aq ybnoiypresig

NS

NV

N7

o
uone|nNa.Id pue uoneladnoal
ewnsu@e eloL

o

abnH :awnsuod ABiau3 [elo)

Internal
circulation
of regional

. resource
Biomass Geothermal

breakthrough breakthrough
Outside region/ Renewable energy 100% Circulating passion
overseas

Heat

Electricity

Fi g2 Tet-Neat wor king among electricity



3 Reasbehitnhdi s proposal and soci al meaning o0
3.Why must the target be tackled now?
What fiHO:- DOLH®& DO

iHO DO HOD® is a viewpointmenshéapppapesatehato
oneself too hard, feel equal,,wmidc malkkeads dec etnhel
of balance with others, common direction; and t he

t ha,i#t hies Japanese do3 m odo parpaptiinv e

acqui sitional

Amer tlca)

Our current

soci ety i

happiness

s the resul

form of happines

repr evoe rmptheodnobe d Ndiret hr e al

t ,efichxlm®ssi ve

abustheofl inmaittuerelsslo ur ctehse arnedp®d 3 et @it sxgirmpd rehous e

gasewhi ch far exceed the globalhlkrkompacsbyg) etlyer abyp
DOHODOO signifies fisustainabilityo, and this can

' i ving asglpairat wrfalt heenvi r onment

This sensPOHO DGO i s simil dHyiggwohed DaaitsdHescrib
how Danes spend their time and how they feel, suc
or the Swedwésthmébhagoimdof{ too much or toowhi c¢chl e,

HOk &k HOKkK Oo Japanese well -being 6 Sustainability

o Sense of HOk Ok HOk © Hok Ok HOk O Y4 Necessity of HOk Ok HOk O
e 3 Japanese well-being Our current society is the result
Appropriate Feel equal North- of excessive and detached
Japanese |Amemca human activities, such as the
abuse of the limited natural
Make a Cooperative e resources and the release of
2w no:fpush decent living form of ‘ } Aﬁguls‘\nneoslal pollutants (for example,
ﬁnf;e too with comfort happiness pp greenhouse gases), which far
2 exceed the global capacity,
thereby threatening the human

society.

HOk ©k HOk Ois

Decentralized
autonomous
network society
has functions of
circulating energy,
regional resource
and value.

Fi g3

Ok DOk HOk
is personal sense

4

The sense of concentration (dense) and dispersion (sparse)

differs depending on the

Space

focused scale .

City

Municipalities Microorganisms

HO DO HO DQ Japanes®deweaedglst ai nabi l



is a concept that ISweldsee ivigltuhestitriesglvievseash)ot an excl
Japanese 8Boapméphavia also views welfare and the
policies, sharing a common perspective with the J

Human activities Reavowlruttioon hwee rl en dwistthriitahe he carr
earth (it would be more accurate to say that tr
constraints, and that it happenetdhatatwe arhd gt) . r éttu
to this type cafr rleinft e satiyd ésthm@inl ed, bwh o orave once gc
excess, must icmadmgparsce rotulsy obet hBOdHON@whi oh AHO
they previously unconsciously éeduri wpiteonmtichvoze
go from expansion tojashéeracghonl| amedmtadlpidigqyg. Th
a new | oauwrmltewye ttloi s next stage.

It walki ehatt setting the goal of focusinlgyon ener
controééspidte the indications ,arhdatt Hats shud mdrued urewie
at risk due tocgromalkldwanr ma ngosist i vienatfrHEOnsf or mat i
DO HO DO&oci ety

Whaisan appropgecaneéetpl i zednauwonknwaoasi ety

Themeani ngewmdntradegearndonon soalktaaceloany of

mi cr oorsgiasng crmodchi Rat r i, bdimisthhr oor gani s mswiarhehacr owded
col &®&riyni,| aciltyi es exi st Easrgichr s dbv dt@cde yti leesms dle e s
densely pofohatdehi dgfifnerpeenrcsepse ¢t i gedi fficult to
answer the question of a ¢ceanatbtoabbckoentgigasaineadm bet w
decentr dlsipaatangdc apipepasssi bl emadedatf elneg di spersi ve
I n this HOLDOLSHAIINDRIO cat es eruesrugymnm bt euli at iaon o
broad sense. Isuf f hbecnsve shoitmem,t ahley gy r i sndleyner at ed
sharTelde components sharaf magni eyehgeadmapeberhdment

ot hreegi omsrerbegad i mgl ti scalTlkrusn,edtwhoe&kr.pafti esad t hat
shares and paesFlksr dfmorsepwadopri ately decentrali zec
woul dsbeitegntayt cfutlbliatems akarmulgtyi pl e scal es.

We then support t ekmambbeaopemattihat bet ween regi

excess and,whefrienieegyy t hat suits the | ocal envirc
used with new value while exchanging energy bet we
't Wwapot hedhiazedhere was a neetdhdéouH adltubcsdo cd erhegc hani
move f owiwer degional power.



Theeason thiachkilnetv be t

i

Cli mate caasvgéegrleenhouseni gsatislonoaghhr opogeni c
activities must be urgently mitigated

I n addition to the readmicd DipnBtodov @irde emrheoaistei M@
t haCl i myt 2208aPan has met | aesno @aMErci o

The gCOVYHIDpandemi c has acced edacendt t dolei zdd f g o0 d
Anover conedsmtcridett ydsdetpopuliat i ioal @aaqg ememi C
stringeasntdit fmtnagi ng paqp uallwdtiiged uc tti hoeu mbrer o f
chil.@o g etthheersjier c u mslteaandk etso t heocal | aipasmuni t

I n gemenraloimkt sagr e emganttdhien gsdd de ntosalcii 2¢ ¢
consi dderviergs iafsdrciastki oant t he .tdhmevsofcidil sassytsere m
and empl oymentsairmolkt oaall | t;adew ebdopé&wddudl tnetwo b
i nfrastrauscotcuireet yi nunder sut hercefryweanmsriagnn & e s ,
breakthrough.



3..8ocimelaning of accomplishment

1) The effects ofarcd i maniemecdmthigiebbtusweg-blkian g uman

2) Achi eavifnogundati on f or | i feen aubsliensg trheen efwaobw eo fe nfeurnc
out stiod e h e drnesgiidoenir mfzetw o p p o r teumpiltoi yenseanfto rachidn g
overconcentration.

3) The choice of ¢l ot hiisenxgp, a nfBecodd pdneashidr eh otucs i Inigve whe
onwi shefsul f(wil f loaiuetr concent r atdieoené roarl ) dzxate ri eorimey
enabling pedplce nt ofrresdsei. n g

4) Shi fadetcoent salciizde ¢f a cwh ii & Vadcsickdds ass,t esrugdin daesmi c s

5" Thener gy sgape.dulRard t ,asmpcaec e r e gbuuiirligodd wigarspli ant
decreased

6) I f renewablgenveameorngrnye ng h & rramednidrl cyub yamtceodnmuni t vy
whosehabitanhsenehoepptpesadteor canwbéehmpeblgied
sec,whri cdint ed buitee viatta loinalemfcaolmmun.i t i es

7) Renewabl e energy use abg enecgl amomasnedr vbaesttweoenn
regions could be dramatically i mproved through

33.Details of social effort in general to ac
1) Core technology devel opment sector
U Heat <circulation medium and system devel opmen

2) Rel ated technol ogy devel opment sector
0O Energy harvesting technology
0 Looping teahdairmegydtodi stahee
0 Ultimate energy saving
U Heatevitalization
0 Robuset(tehnesgpyjage technol ogy
0 Electri-cntgghataed management system using hea

X Technol ogy applsication sector

U I ndustrial fields (electricity, gas, heat supp
agaul taumoen,g ot her s

U Consumer sector (constructi on ainmddau s toruys, saecrcvoi ntne
i ndustries)

U Transportation sect oramotnrgaspheerrtsati on i ndustry,

U Technological applications r ecmudiomeeadt iionnead | sect



4) Social technology sector

i

Commoemnewabl eaprtiergyl ati onfnefi motabmndconsort
educdtion

Creatiaon aducechange role for ugicogqmomggedaw, e en
system

Di vi si on tcheeocbokeyg in

formation technology sector
Energy trataglgieldi tgchnol ogy
Val ue exchange system using blockchain techno
Compati bl e witshucshocasali n dsiswiedu a l information

6) Government sector

i
i

i

Agreement withpaoneidcaue =csi hamnedarsr egi on
Launacnhdper atlioocnalo fc o femutnifizieineesd | os)nt venture
Col |l aboration wit hsuocthh ears peudbulciact isoenc,t owesl f ar e,
transportation



4 Social and industrial changes through the

it Achieve energy conservation (dramat iucseifmpr ovem
heat storagbefhmat extcheelmi®s gy conservatifodapamf or m
(efficiency, ,vwbheiach imesssulladermngst abli shed since
Dramatic energy conservation will mhieiaaghi enad p
manufactur iMag k & the tndegnenh t h e gl obal compbeitivene
Japanese ciamndubset rgywhi evedontri butes to a sustain
gl obal perspective andstsoi noull abaanle ouwsd tiya iicgognktirliibtuy
conservation technology originating from Japan.

U0 Achitlwve mawismé mrenewabl e energy suiteducfhor each
assol ar power, wind powmi 0 mges grhoemmodail a npi coniesr
enermeey actaerdeens | udelngctricity storage, hydrogen,
accor dtimeg neepb paufl dttdhitemr age period, transportati
new enreerlgayt ed elmpbegrment nternal cirreveln@it on of
usedf ltoow ouhe§grom. The proportion of the popul a
in renewabl e energy wil/|l increase, and-there wi

how and devel opment of human resources that are

0O Establish -natur@aar bamd enviroimmeat adli stproil b wtt iacmn S
(transmissi on alnidreehd c|l i gelainmmqpg,r DahBdomechani sm
(community) wild.l emer g¢genmgm whhea emecditumens t hems
in and suppastr sotbhemad safve as assets for the n

0O Technologies that allow energy users to select

storage met hod, and period wild.l be devel oped,

c
o

their daihlayt Itihveeys ar e awméungali nway camdoaontri
s

sustainability on a regional, national, and gl c
U Individual ¢ ocdn vehowmnse egi ons that sengagbeir |
i n erearsgeyd mmuni cati shhematnaétawt, appreciate,
friends who share mutual beliefs.
0 An independent andi ridgosctirestbytt tiesdh e dew eawoy kne can

choose their own tdhievrebrbsyemi higf east ¢l €esi, ncti ve an
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| St at i:stSucpse rtvhasnian gy si s

l1.Chall enges (soci al and technol ogaadl ) i n
necessary measures to overcome them
1) Scenari o-zé€ono geéenhouse gas emission by 2050
Fol | aviiend u gsetvroilauatnitohnr,o p o g efnoiscs idlsnef woefa sed ,r emar kab
whi ch i mproadwed iivnictryemespd! &tiigech)According to the Ur
Nati ons, the ipopekaticoed 1o brielalciho n by 21
(https://population.un.org/ wpp) Gr aphs/pRrabahil lairst

popul ation in Asia and Alfrraintaa iicsaldxypected to incr
20t 211E
100
% 20504 98B A (3m)
1 5EAC DB et T
80 20115E70{8A
70 1998 60{HEA
60 19874E50{8 A
50 19504 25{&A
40 BREEBRUES
5 + R I—-OvNT
ABM(ORE - EIDR)HE  BH - WEHED NXSKRIBORE AR MRFET
20
10
5 Q 2 3 s
0 )
(EA) ‘) 8000 ¢ 3000 Kroal ok 500 1000 1500 2000

Fipgpl: World popul ati on
(Reference: United Nations Popu

ABREROCO2HHE iy noamene

350

300 @.@

250

R - 7IUNH
200 o

150
EFBTE (IBYiER)
100

AREROCO2HHE (Eh>-COo21RE/4F)

EREM
50 R OECD
(BF=D)
0 L= T T T T T
1750 1800 1850 1900 1950 2000 ()

HIOTITTHARELI A RRIROCOL . (LRI ORE, MEORS. U hEE, HE. T
il : [PCC ARS WG3 TS TS.2

Fig2: Ant hropemisas i

(Reference: Ministry
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https://population.un.org/wpp/Graphs/Probabilistic/POP/TOT/900

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

=> Over half of final energy demand is
from the heating and cooling sector
+ Less than 10% of this demand is supplied

We consume the most energy for 3 = o
by renewable energy heating, cooling and transport N = % P = o

= 32% of final energy demand is for
transport end-uses
+ Just over 3% is renewable and primarily
met by biofuels
~ |
* Renewable electricity still plays small role 10 % (_)\J | 3% @
-

ewatle Trend | renewable  Trénd
o energy

=> Around 26% of electricity was ]
renewable in 2016

RENEWABLES 2019
GLOBAL STATUS REPORT

Fig3: I[Energy usage and share o
(Reference: REN21, Renewables 201
Furtheramdrmhe,opO0@emiscssi ons have risenwidthhaer ply si
at mosp@@coccentrreatcidésme mn 2f0r2ZdAm pr oxi mately 354 pp
198t tps://ds.data.jma.qgo. jhp/nmghg/ kanshi/ ghgp/ co2_
Accordheg fttoh tAssesgPO®lIBB3) RemoCl i mdtee | Gl a&amqathyn:
Panel on CIl i (mbhPeLnthharnogped @teinvict i es have extremely
(over 95%) to cauys asigitodea@d O wanmangnospharban

di oxi de,,amat damd t r o gceomn crent g xaitsdiegmnsi fh a&vaenttloy i ncr e
unprecedestedrhieieglet hundred thhmiusgmeenpbause Fas
emi ssinon h-20p06speriod, the Paris Agreement was ad
framework at the Paris Climate Co@hmeOen28,en COP21
202Dapanese iriismeerMSuga announced -etnhi astaindegbnpaa n wi | |
carbon neutrallsocesppnbygy 2650hi s announcement, t
and i nduasvhec c eker ated t bes motae nteanmemarndroacli et y.
Asshown Fii.g-3,51 % tcheener ggi mstehe iwortlhde hiespatmd o f

only 109% enfewiatblpe opDhhe nerugwfdt f ans p arntda teiloenct ri ci t
generiasi &@ah®w loA%whicB%oahdgi  6%e n,ewaebslpevel vy ( REN21,
201.9)

I n May 2l0rRetler rtétei onalp EmleifiyB/E AOEMC ybiyn RiObg@t
a scenario and rnomad hmamely z20 50 emi £niecmgy( SAp)p !l gyc e
(Fivg4¥rom most feoxspseidlt tfop thkes eridesnbeywa bl e and ,nucl ear
t herdkdgrienaghe share of 80%sti o6 2 @%¥MosrnefoRv@bnG.h o wn

12


https://ds.data.jma.go.jp/ghg/kanshi/ghgp/co2_trend.html

i Ri g-5consi deriimcgr ads¥e i n amttihwiotpioeggse nfircohmei 2n0 20 t o

of red€@®@eimggcciabmchi eved ltehcrtorui;gfta cdadanm omapt ure, ut
and st@€cdBgmehavi or and ayuosied dodi ddveambdad eser 9V ;
hydr ebgaesne d e rigryc r e arseer g yn  efafnidc i sehnicfyit u & tou rod ehse,r s uch
asi berydm@ng tCCdUsSe, behavior an,d anhdes elewld rdeegnam d

basedergy are anmnthisciamdt e@ad Ityor eidinlce -E@Pbee miogsdsi ons

Figure 2.5 Total energy supply in the NZE

o 600 Other
B Other renewables
500 Wind
M Solar
B Hydro
400 Traditional use of biomass
Modern gaseous bioenergy
300 | Modern liquid bioenergy
B Modern solid bioenergy
200 Nuclear
Natural gas
m Oil
100 H Coal

2000 2010 2020 2030 2040 2050

IEA. All rights reserved.

Renewables and nuclear power displace most fossil fuel use in the NZIE,
and the share of fossil fuels falls from 80% in 2020 to just over 20% in 2050

Fig~4: Tot al energy supply in t
(Reference: | EA, NET ZERO

Figure 2.12 = Emissions reductions by mitigation measure in the NZE, 2020-2050

45

~ +24% Activity
o] T . -
< 4 Mitigation measures
© 2 M Behaviour and
" 8 +51% )
s avoided demand
30 e ST SR, .
Energy efficiency

Measures

M Hydrogen-based
-50% ] E!ectnﬂcatmn
15 M Bioenergy
Wind and solar

Other fuel shifts

mCCcus
l. -100%

2020 2030 2050

IEA. All rights reserved.
Solar, wind and energy efficiency deliver around half of emissions reductions fo 2030
in the NZE, while electrification, CCUS and hydrogen ramp up thereafter

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

Fig-5: Mitigation mexesnirsesitonsr ddiuceh eCANE"
2050 (Reference: | EA, NET ZERC(

13



Mor eoavrmma n g
forechehedeagai ffircoamt219y%% i n

renewablpe ogprmoersgyo,artorgrawenri ntda s

20020 itno 2a0l5nd0.s t

Figure 3.10 = Global elecfricity generation by source in the NZE

Thousand TWh

25

100%

20 / 80%
15 / 60%
/ 40%

2010 2020

2030

2040

2050

 moil
Unabated natural gas
. M Unabated coal
M Fossil fuels with CCUS
Hydrogen based
Nuclear
Other renewables
. mHydropower
Wind
M Solar PV

2020 2030 2050

IEA. All rights reserved.

Solar and wind power race ahead, raising the share of renewables in total generation
from 29% in 2020 to nearly 90% in 2050, complemented by nuclear, hydrogen and CCUS

Fi g-6:

Fi g-7:

Date of

(Refer

el ectr

icity generation b»

2050

ence

|l EA, NET ZERO by 2

Avoiding "lock in" of CO; emission at the next investment point in heavy industrial

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

available.

Intervening at the end of the next 25-year investment cycle could avoid "lock in" of
nearly 60 GtCO;, or 38% of projected emissions from existing equipment in the steel,
cement and chemicals industries.
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Fiqure 3.20 = Share of heating technology by temperature level in light
industries in the NZE

Low/medium-temperature heat demand by technology Technology

Fossil fuel heater
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W Electric heater
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M Heat pump
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|
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IEA. All rights reserved.

The share of electricty in satisfying heat demand for light industries rises
from less than 20% today to around 40% in 2030 and abouf 5% in 2050

Notes: Light industries excludes non-specified industrial energy consumption. Low/medium-temperature
heat corresponds to 0-400 °C and high-temperature heat to >400 °C. Other heat sources includes solar
thermal and geothermal heaters, as well as imported heat from the power and fuel transformation sector.
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Figure 3.22 = Global transport final consumption by fuel type and mode
in the NZE
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IEA. All rights reserved.

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

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

Fig-9: Global transportation final consump
scenbadyi @050
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Figure 1: Key applications of TES in the energy sector
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Fig-12: TES usage in the energ)
(Reference: I RENA, Il nnovation Outl oo
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Figure 36: Operating temperatures and time ranges for TES technologies studied
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Figure 25: Indirect molten-salt storage system
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Source: Archimede Solar Energy, 2020.
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Figure 26: Underground energy storage concept
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Source: European Asscciation for Storage of Energy and European Energy Research Alliance, 2017a.

Fig-15: Underground energy store
(Reference: | RENA, Il nnovation Outl oo

Figure 27: Properties of PCMs examined in this report, showing difference in heat of fusion and melting points
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Figure 31: CaL process scheme
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Source: Adapted from Chang et al,, 2013.
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Figure 34: Diagram of a proposed A-CAES site

Source: RWE Power AG, 2010.

Fi #-18: Heat storage system using
(Reference: | RENA, Il nnovation Outl oo
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Figure 35: General system configuration of LAES for electricity generation
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Tabhe&: *Current phases of heat storage t e
(Reference: | RENA, I nnovattiommad@a, | 20X0)Ther ma|

Tabfe 3: Key technical attributes of selected TES technologies

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

15-80

kWh to kW to 10 to Hours to

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

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

Note: N4 dermates that no main needs were identified
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5) &R D trends related to major TES technol ogies

Next, R & D treniE$Seehanbokedgtesmwj bt be descri be
1) TES

TESSsing sensible heat is at tRegeamohdditvat i on/
exchangers that wuse solid sensible heat storage
regenerative burners, have been the baent technc¢
industry. I n addition, with the progradse ofoldemce

salt sensible heat storage system using nitrates
been commercialized. Further more,ofi nherag c esnttor yaga
technology (commonly known as Carnot battery or
energy storage technology for VRE has kmeérPowiedel y
He aPtower " type energy storage MREhmOdochy ws or st a
ongoing projectsSensiCualrenohe dtatsttearyage technol ogi e
rock are trends of developme®On tdhe bDohehehanldowcc
the sector coupl icngnsmimehr ianfdfuasitrrsy, atnhde devel opmen
storage technology is required in the future.

Table n -4: Examples of thermal energy system for grid-scale energy storage21%

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

Storage method Sensible Sensible Sensible Sensible

Storage material Rock Sand Water Molten salt
Storage temp. [°C] ~750 ~1000 120~ ~565

Storage capacity 130 [MWh,] 50 — 1000 [MWhy,] - (100 MW,_x 10 h)

Volume of

storage unit [m?3] St -

Under development
(First commercial
project online in 2024
or 2025)

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

Real scale pilot

Status demonstrating

TESsing | atent heat is at the commerci al l evel
still room for researchhase ddaalg@®CmEnne rai ediaded i ng
range of treanmppesmtaulheas in the powerigenbeatinog,
and buildisi nqReseatraegh and devel opment, assn shodaatr st o
ther mal power generation a,md ewvredrl gyasstloartaegnet theecah
technol ogtyemmerhaitguht @ a2 osgiensdustri al r wvacthesreghe at
recentl y s hoSsnn epereohgtr elsesat st oragtempehabliogyzomed
requires the use ofsurchimmbstenor gabtubstmatabs, and a
overcoming the corrosiveness betwséer hegui pmemntc

PCM&eiabeetnheri magrystr £iemtain sol uti osnusc hfAddrs s ome P
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PCMs) have been found by coating the heat transf
ceramiicsbme projects aiming f orl ambirerdéuci héi mat e pr
the wuse off oceramstcen resistance and mechanical
procesmsaotngonl y itre mpbeathirgh zones but al so a wi
temperatuyhas zbeessuhe] eesc ¢ chiwol ogimeant ,d eavred odpbev el op me
ofmi ccc @psul et PeCEVBi .00 AJOz'ashel bgoi.sgNew tfhiaetl duss e

ceramics as PCMs '2imTablaflsios tesmeerxgaimmpgl es of recent a
PCMsl.apan is at the forefront in thewltieaene Iboep ment
appl i ed fnoort tomd ypsurnppd see hoefat storage bwtl aalesdo to
technoswoghmparsti cl dbatsreanshfeat transport. adisbiwel | as
this is important as a new t e ¢shuncohl cagsi paolwearr egae ntehrag
industdiystrictcoratiiuwmacgs taebditiashFoowst , -pmasscti on

technol ogy for t heess ewentelwd ermscemieonpi a6 egr at ed devi ce
processes, angdowowdsthe msndtulsdtry and academia are ne:¢

Tabu-2 Examples of ta@gemmroladgdSpb™mo PP CiMe w

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

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

Tabn-@¢ Examples of mrcajlectcheom cladr &t st orage sys

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

Storage method Chemical heat Chemical heat Chemical heat
Storage material CaO-H,0 MgO-H,O Nano—caatgd eRies
2
Storage temp. [°C] ~427 200~250 ~550
Storage density
of storage unit 0.57 ~1.0 =
[GJ m3]
Status Real scale pilot demonstrating Pilot demonstrating F .
demonstrating
TES using chemical heat iis a wunder developing

generation and iSnhduoastmdicall sheecattorsst.or age uses the

reversible chemical reaction, higherenisa @dtl estamrda g €
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| at entappéatcatHbwerver, the repeated durability of
materials used (pulverization is theomatithouessue)
be relevant Bohstransasto thesebepenonbfemadhéaoe BbBeO:I
reaction syst €msHQ pys tt gaospirarcltyi c al applictati ons f
recovery technol olgaibd€kl asésemaeagphes of projects

storage.Japan, the recovemhyuusf 2Hemctheapofftirams e
bet ween ¥'haverbesen demonstrated,1MW dvBWhcd acsosnst r uc
pil ot pl ant has oalescehsefiopl ammedcdurpose of recowv

he@&a’Moregogvéhameed sf or comprehensive research and
and processes diehmmatmodsat td it meéustry bassdeddr eosnsitnhge pr

t hd oment i brietdati smsh as chemical heat pumps that
temperature industrial waste head#asbyg kgail sbui aen.

Heat storage technol ogies using mechani cal en
demonstrataosnarstagergy storage technology. Compr
( CAEWi)ah hii gmper ature hea1*astdol agei sdyatarhaher gy s
stores | ilguAiCGds aeé Pédragdey in the demonstration stage.

2Yvervieenattafansport technol ogy

To achieve <circulation and provision of energy

becomes necessary. For spatial transport, online
I n addition, devel opment dbfeylbbedt Asi onea@agd oamdc com
regional characteristics is important.

For offline heat transport, technologies such as
storage medi um, and adsorption heat st b-Tage mat e
showst e hte cases for such technologies. Among the
are the high initial and running costs, -and the
density heat transport per batch is requisred, i f
poor, the number of times heat that can be transp
in the amount of heat transported within its 1|ife
t hermal energy is being r eceongenrigzye di,s tah ef alcotw rp rtihcae

with its popularity.

Concerning online heat transport technol ogy, h
devel oped and used over 100 years especially in ¢
is often i ntarondwlceetdi nmghemew ur ban pl ans. I n recen

i ncorporatedciidmtve | toffgnemegwt he f uture, assuming t he

energy as the energy source in the online heat tr
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of amggnetorage

technol ogy with a

funt thieman t o st

source) and the ability to coproduce electricity
district heat supply system, are necessary.
Tabul-2: Exampl es of -ltienceh nhoel aotg yt?>toaf A%opfdit t at i on

Sanki ENGINEERING Waseda University
co., LTD. etc.

Storage method Latent heat/Sensible

Storage material Erythritol
Storage temp. [°C] About 120
Storage density
of storage unit 0.24
[Gdm™]
Status Commercially available

30vervi kenantefcuper ating

Based

Takasago Thermal
Engineering Co., Ltd.

TOYOTA Motor
Corporation, etc.

etc.
Adsorption Adsorption Chemical heat
Zeolite HAS-Clay MgO-H,0
About 180 80~120 200~250
0.56 0.59 ~1.0

Real scale pilot

Bench scale demonstrating

Pilot demonstrating

atnedc knaolcaudyat i ng

on trheec uepxeerragtyp ny t hat

t hermodynami cs

demonstrates the t he

use from a

perspecti ve,

conversion

exemrgyxupetrach magl ogy

icramo veecrihginegye c o r{s8eSbvmali loar

i nput

i) Exergy cascading
. Input (Electricity)

t han scyosntveenmbtjilglBubsakl o w s

itd8)principle

ii) Exergy recuperating

1o 1o o mput (Electricity)
H: 100 i 16
% E: 100 w [ M6
°r 80 .
g r 70
760 | Exergy Loss: ol
g 82% 2
: 0 [ : 3 50 |
B =
Yo ol
g o
ol | § 30
Yo b Use (Heat@90'C) g, | 4 Use (Heat@90°C)
°r H:100 ' \aste (Heat@40°C) 10 | Waste (Heat@40'c) H: 116
E: 18 — 4 H
° - H: 100 o L H: 100
E:5 E:5
Fim-25Exergy cascading V.S. Exergy recupe
The

gual héeggysuch as

theX@laymwdechnol ogy

exercgyetrach mgl ogyr ead U pelrsagtuhadgi t y

used heat asc

el ectricity,
bei

t @ x acrbeyceuvpee riatt s ngi r
i s

ng developed as a Japane
i mpl ementation of a di8sthiolwlsatsioome prxaomgpd £.s.Talbnl epr
tehnol ogical system can be i mplemented in all ran
technology is only able to ac®ammrndegtaer tup tthd sadp|
is due to the |l ack of technol ogi efswarok ou ptghraatd ec ahn
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assume temperatur & (rsainmgeees tolveere x2i0s0t i ng technol ogi

a compressor, which is unable to accommodate hig
achieve higher efficiency, the etxeerhppenrgeaet unrues td ibfef es
|l ow as possible (= pinch temperature), thereby r
facility cost as a resul t.

Tabhe8 Examplmojefcts on exergy r3&éluperation technc

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

Principle Self-heat recuperation Self-heat recuperation Vapor Re Compression
— Distillation plant for Bio- P T
Application Ethanol Distillation plant Distillation plant
Operat'”g[fg']“perat”re <200 (Estimation) < 200 (Estimation) < 200 (Estimation)
Status NEEUERE e Commercially available Commercially available
demonstration@2012 y y
(4 Heat control technology

Wi ttthe paradigm of the existing industry-and heat
temperature heat emiss$-lbpbnandstbbowsatahl Fsgmert of

for its effective use constitute the main chall en
I n NEDO fApReosjeecacrtc h and Devel opment Project on | nnc¢
Materials ansdl mMelcdhhmend togtiieen per ix@P) asy 2a0 1t5e cthon FlYRd
to reduce waste heat (& unused ther mal energy),
t echnol obgeye nh adveevel oped al ong with heat storage, a
been being reportedt.heOnmatihne woatshteer hheaantd ,sour ce i n
processes in steelmaking industry is the sensi bl

prdoucts are adjusted to the desired structures ar
higemperature sl ab surface with water and steam,
and steam btemmer dtouw e heat emi ssi onUkbtuena e s .

Reduction System for Cool Earth 50 ( COURSES5DO0)
commercializing steel megpkiodgcs!| aod, twhei csht eied ma k b g g
advanced approach tempecaveretsessihblge3iedaes was d
reover the ©product heat itself are currently p

technol ogy.

Further more, in severian ekomheame mpeomoElErsse smust
constant during an operation; thus-caoatmwmoldchi eve
temperature, the heat of the reaction must be coo
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generates a | artgeempaemoautnutr eo fh € aotw. I f such heat gen
process can be converted to a Is¢d ahkat heatur ceouf
endothermic pr-emesdeer prloexrtss can be achieved.

6)Socicdlal | enges

(1Qhal | ®fnajrer si ness entities

Japan spends tens of trillions of JPY on procu
counthéeasuse there are no suffhei eofuinge.r®®@r gy r es
preseéhes pr o peoxrpte nodhiotoufreeneelr ytyi \ge otss trleegi onal pr oduc
Jap®DveralQ% of expemrmgdist wreed | satoocsas towinichb%ntry,
ot hleocalsstpewnbi% § egi onal g r oosns epnraardhuycl tl i% comea c a |
experieneinff0% of 3 unding | eak

lddaptable renewabl e energysaeggenegraetedempbdoym
opporitessnictan baen flaurnedatnegd | pa& walan be

IRNF—O: EMREEICHTIIRNF-KEORZOLLE

2EQEBEDSSEN,. IRILF—RE (BR. HRX. HYUSE) OIRZHEKEF. 78IH4
P EREDS% AN L. 151284 T10% LOMSANDERRHERL -

FRFEH10%5LE 378778
FHRFHMH5~10% 37958
TN 0~5% 400R M
BY¥ 4167

20105 DBRBEFBFRMATORRE) EX—RIS01IFORIEHE

A BIRPIBERE (CH TSI —ALLDEY
F—REOWZOLE RS (8%)

BB

HEEBEROmA [CAEOFI27IEFA |
; ORI L, BEIRLEEE, |

14

WA [RRTHRINIRAER] 8

Fi g -26: Proportiexpeifdietlertg wreee gti @ n a | gross produc
(Reference: Mini stwgbg®ifteéhe Environment

Ascheme is essehnhleadalt oprpodunmttieom eaxred govdin chhmpt i c
can upbkiefit ohhE.Tehceo npoonoys | meecd er under thethearisdic!
governmetihbasi nepsrsacits c etdh eu nodredrielh@ofvreorr mehe t o
pri wetcandrsnder thatkleen goverrmsimdft he demées®ermer al |y
enerpgyducti on fprlil wa tuen dbeucstiorinees smidiec h tihe contr ol C
Mi ni stry dfnekceonnto iyye.rat ishpen amdwer hiasbdasgeyg ggeri ng
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free power retailing, di vi si,onanodf rteovigord surin sosni 0 n
generation aMdthhedai thagges, regional power comp
renewabl eéhaesetea dptyy s i nse sisre masnoft hpauh$ugchompani es

are jointthefgodednimg ste cd mamgerrievastiéaeoromgani es
appear to bemd dafl obmi snign & shs .s

For insStadtea@mpludl ici nutGelrimayny andu@dset arnkebch.
wide rangseo¥, pselsdh cas pphly®dvi des intensive and co
infrastrelatede servi ces (power, watdesrmos&krsd atrreans

gener al | tyhldoecl adin ¢otFyo @ 7P |

BRAVIF-BBY—ERZBARBUTIFIYDI 28IV

KikT—I

Fi -27.Det ai |l s of(aBtxadrpweer)k e
(Refer:ence

http://Kkinki.env.qgo.jp/l 11 %2B%2EHPOSEOASEADD0EEFOABCES BWES %9 1

%B D %E 9 %A 4 %A 8 BE S A4 AT NES NWAD WAG WE 3 %8 3 A9 E 3 %8 2 %A 6 %E 3 %8 3 %9 1

E3 %8 3 %8 F %E6 %95 %9 9 %E 6 %8 E %8 8 E 8 %B 3)%8 7 WE6 %96 %99 . pdf

Althdaglmnceonsi dbreedapanese ver sgihedeemaSnadt wer |
uncliemrt et me df ff er etrhceec abbeltewde etntt had d walcad e d

100% i nvefsrtomenguwbl| i ¢ aaodrpuanrddi tniggonnisv at e bTlUBI sesses.
concept has cnril siacsitbeeeeang r e v adlowiGn g easa@ambi gui ti es
extendsiisvceuswamomaikRtwvted t thiviusg hpubliintp rwovreknheunntc t i o n
andmanagemeartequi red to match pheéevstaentactiaeress t |
Professor RaafpaRine slwomeeaigk a nh alsnoi nvpeartrdeiet yJ apanese and
Ger ma@r sions of &t @adt egrikeralb hdrsgeshownn -R8EIFi g.
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http://kinki.env.go.jp/11%20%28HP%E6%8E%B2%E8%BC%89%E7%94%A8%29%E7%AB%8B%E5%91%BD%E9%A4%A8%E5%A4%A7%E5%AD%A6%E3%83%A9%E3%82%A6%E3%83%91%E3%83%83%E3%83%8F%E6%95%99%E6%8E%88%E8%B3%87%E6%96%99.pdf

BARRRS 258U RV OBV EBRERGRS a3y

= . yZ
- HUERER. BUEEERE T BUOEEES oo TR
¢ BLY—TUrIT— @N AR B KIS ([« BAHAEBOBLRSLAY ok Tk
- TSURA O Hhig sk &)
¢« HEAVTSH—ERDBERHIZED ¢ FREROEEOBEGTH

HENE « BEOMEY. REE
« RERFPNEYDERTRIET—H + BULBRFER VT — 0k, Faitissh) EBL
- BEEORECEEIECLIREL: EXCRETAOES

Hia N rERmCIORRE - EREEOATHA CHEILENE
« BEOETOHREHRED ErropmEn ||° BUREOHIOMERED @snckar
. Hf - RAROAUNREDEER/ Y © OE TR U AMDELLN/— N
.« BREMNTAF © AMTRE
o BRULVEIGEEEOR AT — I BB AR
¢ BULBUAMILREES  BULBUARTGEEN

= BERQOIABYMIIVTRBREFREAMEESHETIOMN?
- BEER)OEBEEESIC-THLIDON?

Fi a-27Chal ése mglampanese \Wwaragditarer kfe
(Refer:ence

http://Kkinki.env.qgo.jp/l 11 %2B%2EHPISEOASEADD0EEFOABCHS BWES %9 1

%B D %E 9 %A 4 %A 8 BE S A4 AT NES NWAD WAGE BE 3 %8 3 A9 E 3 %8 2 %A 6 WE 3 %8 3 %9 1

E3 %83 %8 F %EG6 %95 %9 9 %EG6 %8 E %8 8 E 8 %B 3)%87 NEG6 %96 %99 . pdf

Anent ertpoi aehieve |l ocally grown and cdoenssiunaebd er. e
How i kies wc h an etnat earpeaadtse ainrdwe setemimet tahreesr ol e
and diswifsiconi zens, commuuwgitneFh e saéh dg upersitviaotnes war
di scu,saslioonng wi th the ebsutsaibnl e ssshmeme anotfi da@ spghi oy

institutional arrangement s.

(20hkal ewigre buil ding a regional community

To apply renewabl suenaebgyge floatthe regmosatand s h:
reconsi deregiitonas$ r es orueréicoer tion sbtea mdghayg i fvredinh e
nature Iis common. aBy ocaomonesiodeictkegcohf ahascetanamong ¢
beni ni manrewdéruntcianng be el evaantng teon vrierdouncmeedn t a | i mpa
With respecgytasage ahbeicgammreummamsjeoent |l y funded |
citizens, there wild.l be newf mmciuplatn mlnes narnd es trreu
Based eserr o, new commlifiobyned i n Itnheaddeigtiioonn., sonm
statuures such as areeyiesnsadhn tcduarIreelnltoyve ens t o exchang
val ue of vaemerogy hom btedrallsvg ptrioéd loeemisucat i on and wel f
Busi ness etshgtatpiart ddtlilvitthgeolb e r waerepnrtit wa compani es and
share svhabuéemcenverti blheavteo boawerteemhecryds f or ener gy
pur c haass ewes$ b ciaasl ,sauacphi tassiadadn @ hou g ht,fbualvnee sdsi sper sed
from the rage®Rnen twihade etgd ofosantmm ni t y.

| f @uaxch mmgeneyases and sbdgiremsal renevaobdmre ener g)
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http://kinki.env.go.jp/11%20%28HP%E6%8E%B2%E8%BC%89%E7%94%A8%29%E7%AB%8B%E5%91%BD%E9%A4%A8%E5%A4%A7%E5%AD%A6%E3%83%A9%E3%82%A6%E3%83%91%E3%83%83%E3%83%8F%E6%95%99%E6%8E%88%E8%B3%87%E6%96%99.pdf
http://kinki.env.go.jp/11%20%28HP%E6%8E%B2%E8%BC%89%E7%94%A8%29%E7%AB%8B%E5%91%BD%E9%A4%A8%E5%A4%A7%E5%AD%A6%E3%83%A9%E3%82%A6%E3%83%91%E3%83%83%E3%83%8F%E6%95%99%E6%8E%88%E8%B3%87%E6%96%99.pdf

new value and r eign owhail o aoégieian & & ointg oween ltskeea ve as
foundatffi arhes st 8mehsyast e mprcoanmd tdehgr owbh human
resouarcke st hoswep pvdhrot it .

70per at hmeggi onal commaniintfyorbneasteedon technol ogy
According t3d)atmasakadadfad n 36 countries) examples
technol ogy,premcegitedt reanleirzgeyd (B8 ageex aimphe s aut hor
exempl ide eantaeanleirzgeyd de al thpowearr chavegditmebet weer
prosumer ;tamanlodelrockchai ntthechsadgoygiyr e the i nfor mi
of purchased p aGweerrma & & Piolwe.r source haer thiefeincati o
i nstitutaiceooalditzhegd E& or der Frsaan ctee c2id®irlcsplect i v e, a
payment csaynstheenms bmgbt ockchain while maintaining tr
Howevaeagor diSmg ak®dWweh el omkchain technol otghye cannot
bal ance between demaabdi anhdesppmwpky Thep mluyt halrl ab ys oi
argues that aGerenyaindietnciesd monre i mportant to encour
a cooperativecfl nealneaowgorrikcr opvoiwdeerr s and ema®rprsses,
stresghtehr menbfastrucitswrcehl assspddtgsnment wibtyh supply
adj ugthneamgloagtnstal |l ati on and esprad shloot éodhsin@agy met
Overbbl create regional syst é mcradnheavta bud e eaired g g «
mai ntenandefof matsgam aitengfuear es cwl t Abecoapiaomm es t h

exhiflointcstoiforpower managemebnhheabtdoskcbagnhh in
8 ELSI
To achieve the presently proposed society, mul t |

stakehol ders (swaommesntci taindermhu,signewses) that cons
within a region, including the relationship bet we
storage, transport, and use of renewable energy,

be for meact iToamasns(value exchange) need to be perfq

val ues.

I ntroduction of the |l ocal currency-marmst iaoncerdy pt o«
bl ockchain is one method to achieve thisus Trust i
and expanded use in the region; therefore, to ac

be strictly managed and appropriately handl ed bas
Moreover, once such trust is built witthli mewhe <co
value obtained from energy transactions may Spr e:

wel fare, and transit. Management of personal i nf ¢
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be stipulated not only by intetrnaktsonhly anotesoifme

communi ties.
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2.Supervising research and devel opment for
target for MS

To achieve the present MS targets, mass introduc
and use of hydpbgea mumtltakeously. At the same t
technol ogies for storage, transport, renewal , ani
Athe axiso of such simultaneous progress with
necessar w.i eAsn oofvesruch technol ogies is given bel ow
DUl ti mate thermal energy technol ogy

Energy storage technology

Since heat is the energy with the | owest qual it
Therefore, excess electrtikkat yarbdi bempensd tahd &ydr
can be converted to usable heat. Hence, energy s
robust approach regardless of the type of energy
store excessively chharcveerstlea cecorewveagryt,edvhtio a form t
in the region. I n order to achieve the present
compactnessexthghgbdepérformance (assuming sector
flexibility of uépetgy andpwtouahdng with regional
necessary. To that end, the following technologic
Heat transport technology

To achieve the present MS target s, technol ogi e
necegsatrAs shown in Tabl e, al though there are t
demonstration and i mplementation stages, they ha
the presence of societal need for them. Technol o
transparvtice with higher density and speed that i
mere heat storage material, is necessary

Heat recuperating and circulating technology

To achieve the present MS targets, exergy recupe
upgradgudloiwty heat for circul ar use. Since the
l ongi tudi nal devel opment of heat recuperating e
necessary. Therefore, it woul d be necessary to
teebdl ogy that considers not only the efficiency t
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al so the speed and | oss generated in a finite amc
and developments are necessary to achieve the pre

Heatontrol technology

To achieve the present MS targets, ultimate ener
the conventional technology is necetssapegeralithuse, i
heat emi ssion as in the negxitsot ian gt etcehcnhonl ool goyg itehsa t sd
heat in the first place is necessary. To achieve
are necessary, although these have been difficult

2xSocial/information technology

To achipwvwesdmte MS targets, integration/fusion of
transport renewable energy, especially the heat

soci al and information technologies is necessary
technologies is provided bel ow.

Formation of the concept (philosophy and ethics)

0 Understanding where the renewabl e energy stands
O Formation of commons and moral s

iU Response to social issues, suctchfasmmanagement

System and business formats (economy)
Fl exible system design

0 Business for mat t hat is able to evolve

Division of roles within the society (sociology)
O New roles for the industry, government, academi

U Citizen participation

Appltiicman of bl ockchain (existing technology: engi

O Traceability, tagging, and payment systems for
technol ogy

0 I ntegrated exchange and circulation system for

energy, and serviicores within a reg
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3. Research devel opment related to the tar ¢
Japands strengths

1) Research Development Trend of Renewable Energy

Fig-2%PPresentestenoffgeyl ateeske amdlevel opment investe
gl obal c¥mpmomst heehmendirtaprhe i s matomptivepseoedl
and gas, electricity generatmtdeomal sppwky and o0e it
equi prhenttodsets pent on renewabl e enéehggpe Hawewyer, ec
seemsi cduilftf. For i metl aa 2pe n dviebhai Fcel dee s t hendr esearc
devel opmeafs al t euabhsi ve

Spending on energy R&D by globally listed companies, by sector of activity
100 Other

— W Nuclear

Batteries, hydrogen
and energy storage
M Renewables

Billion USD (2019)
8
|
O
1

60 - e ... e ...

B0 el ] e o ... ..., Thermal power and

combustion equipment
Electricity generation,
oo ... e .. ... supply and networks
Qil and gas
H Automotive

2015 2016 2017 2018 2019 2020

[
o

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

Source |EA calculations based on Bloomberg (2021)

Fi g-29Expendarnroeegey ated research and devel opment
(Ref er:é¢ikde Worl d Energl)y I nvestment 2021

The bar chart compares the toshBlnamgymtt edf na
reseamdlevel opwenutnTheg . hiignhveesstt ment s have been made
North Ameand aBHBuveptsmelmy Japgamparable tkorehose by

Ausltraand New Zeal and.
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Spending on energy R&D by national governments

—~ 35
o Rest of world
(=]
2 .
=] 25 .. Japan, Korea, Australia,
'5 New Zealand
& 20 ... - o
M Europe
[0 D - —— — — — North America

5 . B ... N ...

2015 2016 2017 2018 2019 2020

EA. All rights reserved.

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

Source: IEA (2021)

Fi g-30Expendi eneegdmted research aonuwuntdrewel op men
(Refer:é¢ikde Worl d Energy I nvestment 2021

Fi g-31 || ustthreatressmbersref ap a tceatrth olnow e c@migna gy i n
Eur otpee Uni t,edarSd @& FEamaomp e, t he ,Unaintde dleagtabne d s

hi ghest poibut inhe2lbgdréuasscreased siagee atrtse n . J
char asdiie&chfei ®dfd st orage andpeloaaufctiimmhewvethihah er ene\
enerQ@uwr.rently, there is insadtf@atbheatd twvi deatestor

Figure 2.5 Issuance of patents for low-carbon energy technologies in selected
countries/regions

8 7 = Hydrogen
s and CCUS
I:g 6
5 Nuclear
4
u Smart grids
3 and buildings
2 Storage and
electric
1 vehlcles

= Renewables
g388
SRR&

European Union

E)
5
g

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

Source: OECD (2020b).

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

Fi -3l ssuance of wpatrdmwmnhs efn@em glyowechnol ogies in ¢
(Refent&A, Energy Technol ggy Perspectives
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Tabhe @oresehesnumber of repohes  Wabdoéo®eieinee. il
The sear cfhoEnedsiiglgtasc be d mi 3 lhiiars ,t hwi tJmpanese repor
ankd4dhpgased on thes wlef@o af@iniGasiNacl eRendwabl ed
nucl ear, and renewdbn gdaebidpahenanebndgdyyilnc

—_

t hreenewab!| e a¢egadgtyhobghcontri bution rate was | owe|
I n ¢ddteegor erpswabl dSienar Of Wv,efidGe ot h,&irHyadla o d
ABi omajsapdan rfarmkhtdb5 2 4

I n the cafElgoadidsxibtifg r aiaCGodmindFuel 6, Jafpraonm r anked
4t oth5 wan hadvantage on he@dtieng@druengegyllaptatnhag e,
rankieéiin teemsecofi candiitbaramgiee af s.t or age

I n addition,fri@panilhadmktealgheyatofng, sexcage for ai
compr e Lwviegm.lJlapmmear s a oc chratdaeiamt agéi ehdtbaf heatin
storage

Tabhel ONumber fodernteirrtges at ed rregpmokotfreglampa n

Web of Science a{m.X NAE A3t X V3
1 2 3 4 5
Energy 3,124,856|USA China Germany |Japan England
'"Energy + Coal 27,769|China USA Australia |India England [Japan (9)
'Energy + Oil 64,685|USA China India Canada |England [Japan (11)
'Energy + Gas 259,755|USA China Germany |Japan England
'Energy + Nuclear 100,515|USA Germany |China Japan France
'Energy + Renewabl e 87,859|China USA Germany |India England [Japan (16)
‘'"Energy + Renewabl e +| Sol d4212QuS# e r [China India Germany |Spain Japan (15)
‘Energy + Renewabl e +| Wi nd9,698USA China India England [Germany |Japan (17)
‘"Energy + Renewabl e +| Geothld4/usAl Turkey China Italy Germany |Japan (18)
'Energy + Renewabl e +| Hydr 2375/China USA India Germany |England [Japan (24)
'Energy + Renewabl e +| Bi oma383USA China India Italy Germany |Japan (16)
'Energy + Electricity 68,749|USA China England [Germany |Spain Japan (13)
'"Energy + Heat 263,291|USA China Germany [Japan India
'"Energy + Ther mal 282,531|USA China Germany |India Japan
'Energy + Cool 70,498|USA China Germany |England [Japan
'Energy + Fuel 127,569|USA China India England [Germany |Japan (6)
'Energy + Electricity + |Stor d2083/USA China Germany |England |ltaly Japan (16)
'"Energy + thermal + Storflage 31,059China USA India Germany |England |[Japan (11)
'"Energy + sensible heat| st or B33®USA China India Spain Germany [Japan (11)
'"Energy + | atent heat s} or ag®580/China USA India England |Turkey |Japan (9)
'Energy + thermochemical h e a t916{China a gGermany [USA France Spain Japan (8)
'Energy + comressed air| st or1]al§3}China USA England [Canada |lran Japan (253
'Energy + liquid air stlor agel100|China USA England |Germany |Australia [Japan (9)
‘Energy + PCM 10,529|China USA India Iran Spain Japan (13)
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TlIh.e Scenario for Reali zation of Soci al I m:

1The Challenge in Research and Devel opment

(Area and field to promote challenging R&D

T O S n 92 O O o
- ® d® O S5 O M oS

-

Q9 —~ o 9O
c O T o T O

(2
I

1)

2)

3)

|l comparison with efficiency of power, heat had
ergy, but it has been rapidly devel oped becaus
rtainty. Carnot Batterie, reconvertnasttioornead he a
operative research activity called Annex36 wit
d has high expectation for being one of the mos
cietal demand. I n Europe wherlkkeadknewabbdparneeg
cessity for saving energy technol ogy t o us e
monstration tests for | ar geucshc ad = @dr nhoeta t B asttt oel
oactively promoted. Consideringthhahea&vanpean|
search agency is essenti al because there is su
out mainly targeting on renewabl e energy in Jaj
vel oped technology in ter msitof tshaavti nagg eemceyr gtya [
e research devel opment of heat usage technol o
hi evement of t he target t o be free from | i mi
tonomous society.

Research subject f dGroarleali zation of MS

Core technology devel opment

Energy storage technol ogy:

(2-1) Devel opment of ther mal storageatenhranleogy a
storage technol ogy

Heat transport technology:

(2-1) Devel opment of heat transpoht gé yebxecehbasngwei t h h
performance

(2-2) bDevel opment of fully automated offline heat

(2-3) Devel opment of a comprehensive transport sys
services (garbage coll ection,anroensgo uotcleerr)eco
|l ogi stics, and heat transport

Hreeactuper ati on atnalcttriaglcady:t i on

4-1) Exergy regeneration technology that can be
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ranges
NHHYHeat control technology:without heat exhaustion
(4-1) Ther mal tcearhtnrodlogy usi-hgpeopnddtubéeirmnc pheno

such as chemical reactions
(4-2) Contr ol cooling technology that can recover
I'l. Social technology
1) Positioning and conceptualizati oanl ocfaprietnaelwab | €

2) Consideration of evolvable systems and busi nes:s
demands

3) Design of value exchange systems for the use o
and institutional)

4) Nudge technology to papbnpget ésuchi asbdbavgar ah
other approaches)

5) Organization of new citizen roles and responsi
to encourage soci adjgopanrtnianicpat icomsEeqneaslufs buil di n
among others)

6) Technologhi Mmgramduaperating | ocal -fcuonndneudni ty b
joint ventures)

I I nformation technology

1) Energy traceability and tagging technol ogy
2) Value exchange technology system based on bl oc
3) Il ntegrated cexrcchuadnagte osmmndsystem f or -raelgli ofnarl ms o1
|l ogi stics, energy, and services)

(l'inked with other public sectors, such as educa
4) Response to social issues, such as personal ir
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2. The Mil estones for 2030, 2040 and 2050(F
Mi |l estones and Ripple effect).

The Milestones to be achieved for 2030, 2

1) Energy storage
203Demonstration of a ther mal storagensyglyem in
storage system (test operation

204Wi despread wuse of t her mal storage systems a
expansion of sector coupling

2050: Realization of an energy circulation (ene
bodi es

2) Heablcontr

2030: Establi shment of technological basis for

2040: Deployment of exhaust heat & Ospabeesses
demonstration and test operation

2050: Realization of exhausitohgamerd 9edtnadrusd oy
and introduction of exhaust heat & 0O process

3) Heat transport

2030: Demonstration of an offline heat transpor
2040: Widespread use of an offline heat transpo
2050: Wi despread use of a heat tcanapdrtpudysce

services

4) Heat roenc uapnedr actiir cul ati on

2030: Devel oprefmnd n @aenplt pafoodnergy regeneration p
with various temperature ranges

2040: Compl etciad re ofe npinlsatr ati on tests

2050: Reali zatrggy ebciaemt ye with mini mal energy

wi despread use of energy regeneration proces

5) Social/lnformation systems

2030: Operation of |l ocal currency technology fo
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| ocal communi tgrbhabdoer¥y (trial op

2040: Operation of | ocal currency technology f
l aunch of |l ocal community bodies (trial oper

2050: Operation of integrated exchange and cir
(i nitergpi onail cs pgésergy, and services)

Tabl-& Thtgets (milestones) for 2030, 2040

I tem 2030 2040 2050
1) Energy st|Demonstrati (Widespread Realization
t her mal sto|ther mal energy ci
in a demonsisystems as|(energy
as an enerdgstorage sygsystem fo
system (teslexpansion communities
coupling
2) Heat cont|Establishme|Depl oyment Real i zation
technologici{heat & 0 prheat a& 0 i
exhaust hé|various i nd|indusctorn sau mé
processes piisecnral e sector cou
demonstratif{introducti o
operation heat &4 0 pr
3Heat transpDemonstrati(Widespread Wi despread
heat transploffline hegheat transp
wi t h au|lsystems wit|]integrated
operations operations and paéidvicc
4 Heat recupegDevel opment |Compl etion-|Realization
circulation |proomfdoncept |scal e demgenergy soc
exergy reqgtests mi ni mal
processes consumption
wi t h v wi despread
temperature exergy reg
processes
5) Social /|Operati on Operation Operation o
systems currency te|currencol cddgeyyexchange
|l ocal energl]l ocal energ|circulation
and l aunch |+ heat) andall forms e
community bfl ocal commu|regional
operation) energy, and

Specific R&D atddmesséed be achieve the proposed n

1) Energy storage

1-1 2030 Mi | Ekesmomst:r ati on of a thermal storage sys
pl ant as an energy storage system (test opera

U Development of hingpgepéosmaacanbdeat storage mat
mass production technology

U Development of heat storage and exchange syste¢
density and fast heat exchange performance

U Devel opmeretf fofciheingchy el ectrictinltoé @atgyconversi on
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U Demonstrati onscteelset ibrystsaralldti on and operation

1-2 2040 Mi | Wisdeosnper:ead use of thermal storage syst
systems and expansion of sector coupling

U Scalpep of heat st oreagseysarednsexoghanognbi ni ng hi gh
density and fast heat exchange performance

U Demonstration test of electric heat cogenerat

energy storage system

1-3 2050 Mil estone: Realization ohaannghesggtemr o
l ocal community bodies

0O Development of an intraregional heat and el ect
soci al and information system technol ogi es

2) Heat control

221 2030 Milestone: Establi shmertxhafist ebbabdl @gio
processes

U Devel opment of t her mal cont r otly ptee cehnndod tohgeyr nu s
phenomena, such as chemical reactions

U Devel opment of controlled cooling technol ogi

sensi bl e heat

0 Devel opmentl ocosfs emierigngi zati on heat recovery ant
using dirty waste heat sources

22 2040 Milestone: Deployment of exhaust heat a 0
and psiclaolte demonstration and test operation

0 Pitsctal e demonsdafraexlhamusttesheat a 0 process suU
i ndustries

2.3 20vE0d es:t oRecal i zation of exhaust hieamsameéri ndus
sector coupling and introduction of exhaust hes:¢

0 Optimization of the emdichkasygctte@em @Qtcicos dofmgvadrmn

and regions

3) Heat ttatainsmpotrechnol ogy

31 2030 Milestone: Demonstration of offline heat
operation

U Devel opment of heat storage matetrahspantd dev
room temperature and with fast heat output

O Devel opment of fully automatized offline heat
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32 2040 Milestone: Wi despread use of offline hea

operation

U Demonstratéeanh tresni dinpal ity
3-3 2050 Mil estone: Wi despread use of heat tran:
|l ogi stics and public services
U Operational test of offline heat transport sys

exchange circulation systems

4) Heeagger ating and circulation technol ogy

4-1 2030 Mi |l estone: Devefcopmenpt ahrdeeppegfat i ng
processes compatible with various temperature r
0 Devel opmendte nosfi thyi ghheat <circul ation medi a/ proce:
0O Devel opment of ntghenemalodspdmadcihani cal/ chemical,
0O Devel opment-ef dfi ciheingchy heat exchangers that :
performance | evels and investigation of their

4-2204Mi | e s:it oQueemp | eti-enabt pPgemoosttrasts

0 Pilsoctal e demonstration tests

4-3205Wi | es:t ofheeal i zati on of an energy society with |
t hrough wi despr e arde cuuspee rpaftoiesge s @ Yy
Ol dentification of issues on the i mplementatior

address them

5) Social/lnformation systems

5-1 20 Mi |l estone: Operation of | ocal currency t
(electricity) and | aunch of I ocal community bo

0O Positioning and conceptualization of renewabl

U Design of value exbbange efstemewhble energy (

and institutional)
0 Value exchange technology system based on bl oc
U Development and demonstration of nudge technol

change (desi gont,hear ta,p parnoocancgh e s )

U Test | aunch of |l ocal-foeondemdnj oiynbodgni{eci ¢syen
52 2040 Mil estone: Operation of |l ocal currency te
(electricity 4+ heat) and | aunch of I ocal c¢commun

U Devel opment of eared gtyaggiamceg atbeédhno/l ogi es

U Design of value exchange systems for | ogi st
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(economic, Il egal, and institutional))

0O Consideration of evolvable systems and busi ne:
demands

U Organization of new citizen roles and responsi
encourage soci algpwertnan pa,t i oongdesredds buil ding
among ot hers)

53 2050 Mil estone: Operation of integwatteoed @addhar
forms of v-aégeofahtragistics, energy, and servi
0 Devel opment of integrated exchange and <circul
(i nrterg@gi onal |l ogistics, energy, and services)

(l'inked with other puwbkliiomm,s evetldrag,e,s lmnhd a s gd du

Tablie2 Specific research and devel opment subject s

achieving the milestones, and effects on society
2030 2040 2050
1) Energy |Demonstration |Disseminati|Realization

demonstration |[storagemsass|circul ation
storage systemenergy stor|sharing) sSys

storage systland expansjcommunities
operation) sector coup|- Devel opment
-Devel opment oi{-Scaling ugregional he
hi g@gler f ormance |[storage/ exc|loperation
storage systelsystems equlassociated
construction -|high heat social/infor
production tecldensity-sapnedet echnol ogi es
- Devel opment heat e X {
st orage/ exchanperformance
equi pped witht|-Demonstrat
storage densi|of combi ne
speed heat supply in h
performance sytsems as a
-Devel opment -(storage sys
efficient el
conversion tec
- Demonstration
smaddal e intro
operation of 8
pl ant

2) Heat coConstruction Devel opment|Realizati ezrer
technol ogical zero exhau exhaust heat
a nega&r o exhai(processes i|through i
process industries consumer sec
-Devel opment ofdemonstratijand introdu<c
technol ogi es, operation gzero ex haus
coprod-tgpieon scal e processes
absorption - Demonstrat]|- Overall
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(such as chemi|of Rzeear ro edxoptimization
-Devel opment dheat procesleach indust
cooling eechallpil ot scal{regional cha
wi t h heat abgsuited for
solid sensible
- Devel opment
collection/use
wi t h mi ni mum
from dirty h
sources
3) Heat Demonstration |[Disseminati|Di sseminatio
transaparotftransport sygheat transp|/transport Sy
automatic oper|fusing auintegrate I g
Devel opment ojoperation services
storagenateri al-Demonstrat|- Operational
capable of st|in each munj{offline hea
at room t emp ¢ systems t h
hi glpeed hear ¢ integrated
Devel opment o} i mpl ement ed
heat transpo exchange nc
wi t h compl et g system
operational <ca
4) Heat Devel opment -od|{Compl eti on Realization
recuperat{iconcept of -gdemonstrati|with mi ni ma
renewabl e profthe pilot s|consumpti on
compatible wil- Demonstrat|{di sseminatio
temperature zojlat the pilolregeneration
- Devel opment - - Extraction
density heat toward i mpl
medi um/ process and investi
- Devel opment countermeasu
upgrade met he|
mechanical / che
met hods)
- Devel opment -
efficiency he
devices that
conventional
and investiga
integration of
5) Operation of Operation Il ntegration
Socinaflofrima|(green currendqcurrency teregional
system for l ocal ene|for region|{l ogistics/ en
and | aunch (electricit]- Devel opmen
communities (t|{launch of|integrated
-Positioning acommunities|ciulcati on syg
arrangement oloperation) val ue for
energy as a <c¢|- Energy tr{l ogistics/ en
resource and tagged (l'inkage wit
- Value negxechay/devel opment|{sector s, S
design for rern- Val ue ex|leducation, V
use (economy,|system des/regional tra
regul ations) |l ogi stics/ s
Devel opment than energy
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exchange t|law, and re
syst ems wi-a¢ tha | - Il nvesti
technol ogi es, evolutionar
- Devel opment|regul atory/
demonstration |forms t ha
technol ogi es appropriate
community Iba&m@ current set
(such as desig/ -Creati ng nrmsg
- Test l aunch |t hat organi
communities$sun(drol es
community projlresponsibil
citizens af
soci al pa
(such as F
consedhsus di
and educati
Effects onSociety is notApplication{Operation o f
storage techn|storage telexchange c
futapelicabili|begins in v|isystems of g
- Demonstratiol- Advances regional
introduced in |[formation |l ogistics/ en
region as a heating mic|l-Disseminat.i
technol ogy, guse energy|circul ation
renewabl e enerntechnol ogielenergy stor
and use is stalas t he realcontrol , h e g
-Shift to the |sector coupland heat reg
technol ogies wheat s{-Overall opt
that do not ex{technologiellending of e
- Introductionlindustry an|{through adv
transport usi|lsectors sector coup
operation - Demonstratdemandsponse
-Paradigm shif|ther mal wel | a-§ e meerxa
cascade wutiliztechnol ogy EMS
regeneration the chemical-Advances ar
-Regional renelindustries val ue integ
becomes commdg- Municiopaliother public
operational tgintroduce as educatio
currency (greetransport ttand regional
| ocal commurng i ncrease, dand energy,
initiated l ending regional cur
municipalitjup, and €
commences circul ation
- Pil ot |l gi s establish
demonstrati|-2050 i s ras
renewabl e t he first ¥
technol ogiel{formati on
-Trades betyindependent
communities|distributed
as we l | as|{society
begin wi t |
currencies
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2 Effects on society by attaining milestones
2030: The society is notified of energy storage t
IXDemonstrati oamtploamutceids in a district heating re

technology, and surplus renewable energy coll ect
The devel opment of each el ement necessary for e

achieved, and demonstuat hgnandsopebgpting the de
are started. I n consideration of future expandat
areas where the district heat pipes are |l aid. Fc

install ed danas opetaté@nol ogy that contributes t
electricity from renewable energy, which has be
supply of electricity. The success of t his dem
spread of ememgwabine roduction as renewable energy

sour ce, can be stored at a | ow cost, and can be

2xShift to development of technologies with heat
AColl ectitempéfur eowaste heat 0, which has been th
coll ection technology to dat e, wi || shift to th
generat e wast e heat oncteprtough prodfct wast e h ¢

technol ogi es.

X1l ntrodwmctof hear transport using automatic oper a
The aim is to not only to disseminate autonomous
= |l abor costs, which has been an issue for hear

transport teshaofllogyi mise e@aner gy operation.

4% Paradigm shift from energy cespaedatuniplizati on
A proofmdncept okceyereghmagl ogy in all temperature
performance heat exchange device for achieving
scale and cost has been achieved, and the momen

cascade utilizatiani oo wiklkkhkgiyncegase.
5 Regi onal renewabl e energy becomes common and o]

currency (green currency) by |l ocal communities &

Advances are made on discussions regarding the
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renewabl e energy as a common soci al capital . Si:i
regional currencies (green currencies) wusing Vi
regions jointly start operational t e skt ass eodf regi
electricity between regions.

2040: Application of energy storage technologies
IXx Advances in the formation of diss®t reinetr glye asttiom g gn
technol ogi es, as wel | as the achievement of sec
technologies by industry and private sectors

A district heating microgrid starting from the

expansi on osfs.t hAe ndwsiomgea i d of energy storage [ di
energy power sources | heat storage becomes a u
infrastructures. Sector coupling with industry i
The eesthaheat emitted from industrial processes i
which can be supplied to consumers in the form c
in the electrification of industry,i tamddema&mrcdTri c
response. The waste heat generated from this p

consumer as heat or electricity.

Demonstration of ther mal control technol ogy ext

i ndustries

The demonstr azdromm vhaksattreepr ocesses is extended p
chemical and steel industries.

3Xx Municipalities that introduce hear transport t
|l ending between municipalities commences

Heat transport technol ogi es diegalmet ywi desrpyteraudc tii
t her mal energy network that transports excess h

governments al so begins.

Pil ot scale demonstration tests of renewabl e he
Demonstrations on a pilot scale are developed.
Starting transactions in regional currency for
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cooperatives

As technol ogy centered on t her mal storage bec
cooperatives will begin transace¢elieatsrifoirtyheAhsnad
coupling moves forward, value exchanges wil/ r
sectors tfolwuanrgd ifnadrust r i al fields. I n addition,

municipalities wildl i ncrease, garsd aimmmlige ndeinftfaetriec
regional currencies will begin.

2050 mpl ementation of integrated exchange <circul
|l ogi stics, energy, and services

l1Heat <circulation technology for etnrearmgyp esrtto,r aagred

heat regeneration wild/l be optimized overall t hr
demand r esponsgeenearnadt inobenx tEMS, made possible thro
coupling.

2)Val ue integration between ener gyatanodn, otwheelrf apweh
regional transit, etc.) wi || increase, and tra
become routine, creating an economic environment
3050 will be recognized as the inaugural year of

net work society.

3. International Cooperation for Achieving the Gc

HODOHODO is not a sensibility uniqgque to the Jap:
and regions value similar ideas, such as Al agomo
t hd ght amount o) and hygge i n Denmar k (Apl easan
Addi tionally, in northern Europe, the | ocal heat
thermal storage facilities using hot whtandtanks
technol ogi cal devel opment is being actively cond.!
these systems. Therefore, discussions will be cor
regarding their social syst emsgyantdnhrtoeucghhn odl eocgeinetsr af
urban aredddDCoHODOHGBcal e.

To achieve the target, while widely spread of r
usage is fundamental, supporting that foundati on
transporegememati on and contr ol technol ogy on mu
soci al , information and that of technology is es
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storage, chemical heat storage technol ogy and
regener dteichnol ogy should be promoted as common
i ndustri al field wher e | arge amount of ener gy
devel opment need to be encouraged to realize heat
in hipgpbraemre region without generating waste he

i nformational technol ogy and soci al technol ogy s
transportation is needed to advance in tbdw consun
temperature region is predicted to use. Moreover,
should be promoted as a robust and seasonal stora
regeneration and circulation usageson | arge scal e
4 . How to Coll aborate Across Sectors and Fi

To achieve t he rel evant MS targets,sitechnol o
demonstration must be conducted through partnerst

UG Coreéechnol ogy devel opment sectors (univer s

businesses)

i Rel ated technol ogy devel opment sectors (uni
rel evant businesses)

i Social technology sectors (universities, resec¢e

O Informatchoamol! ogy sectors (universities, rese
businesses)

i Government sectors (governments, politicians,

These partnerships must not take the form of cl
connections, such aess etalr-edeaanrveeme ri o ol srimeesasr c her
partnerships, but rather a space must be created
JST #AJoint Devel opment Space Creation Support Pr
Vi sions ar e determi memdor ganomghi ooor gahugaer part |
structures are created for promotingetesenamel on
targets. It will be vital to open this type of i

create a spaceopwhrerdei sawssiaonrd can be held under s

as protection of confidentiality. It is hoped tha
the concept of a joint devel opment space wil/l b €
st akekédrod to build relationships and give rise t

at mosphere.

I n contrast, while devel opment of core technol c
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property c¢closed environment throughegelVepmmant pr

with businesses, thorough information wil/| be di
can be applied. I ntell ectual property wil/ be p
aforementioned joint devel opmemtsi depneds t wi Iplr ome
upward spiraling into technbtleoglyemdegéebkrapment o&r
i mpl ementation (soci al experimenting).

From here, partnerships with other teams for med
strengthenedr mB¢gowhaexicmfange will form a basis fo
and workshops, to build relationships, and | ead
resour ce devel opment invol ving undergraduate st

student s,emtdu,l tamd ufdoung researchers to form stro

continuous innovation. In addition, it will be ne
in academic journals, but also to creatcdes Siytsy,e ms
evolution, and possibilities of the research. To
effects and information gathering mechani sms wil
medi a, which wil| function as sipza¢es ohomeclessany
consensus building, during whi ch resear ch, deve

continuously conducted.
How wi || we c3PR@d ewdrthled PoBebate and communicat.i
should form thesbhbasemsfprepreatdi hg overcome futur

5. ELSI (Ethical, Legal, Soci al | ssues)
1) Handling of Societal |l ssues Such as Personal | r
First, it owi |l be necessary to proceed with res
the faotf mpdaeges in ethical values and rules (dc¢
attentive to global and domestic debates.
2) Consensus Building and Communicati on
Regardless of the quality of technol ogy and sy
soci eteanrhe nitnaptli on of these systems. Achieving this
a wide variety of stakeholders. To propel this r

necessary so that from the demonstratiehasteudy st

future visions and targets and conduct research

of Il ocal residents. As described above, managing
the project will be conducted bw tfhorlnoicnag croeosp edreantt
their trust and then proceed reliably step by ste
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2¥ Yut aka -Huatbuer al tar g¢
systeHokikndi do
3x Naoyuki Mi k a mi 0 ¢

confer 8npcpeor o in 2020
conference in Sapporo
4|t sur o Sulgsmutate f or

of busiemd g
col | abxo&apglisomati on ab
5 Kazuei Il shi 00Ori ent

0 Introducti on o fDr Kuensos

virtual | aboratory
17th Feb. Second meeting Factory
17:°30 0 Topics engineeri.|
Ix Takahiro Wosmuorna f,0or j{Academic |

h-MEPCM, i nnovatioveage

materials. o

2x Mot oko Ok SBursott @i n,ad |

i mage for hi g thrsocuhgoho |9

approachbo

0O How to proceed the
in future and DEMOL

0 About Workshop

i About meeting wi t h
(request about | ect

3Fr ee di scussion

1st Mar. Exchange opinions abo/Academic |
2050.

5t h Mar. WEBopening
Exchange opinions Owiht
t eams

24t h Mar.|Cold region workshop WEBopening
0 Twent yunodfer gr ad u aottehg

fields and other ma
0 Nineteenth of fut

correspondence anal

56



regions

2050.

i Associ at.
fields.
anadwesmentf.o

energy
0 Subject

futur al

Mar .

Third meeting

u Lecture

0 Report

i mpl ementati on

Factory
engineeri.|

activiti Academic

of

Apr .

DEMOLA Program

0 What i

~30th Jun.

Apr .

Fourth meet.i
u Mr . Shou

fiAbout

U How to

U Takahiro

t her mal

0 Exchapbgéenions
a Mr . Makot o
Professor,
Ml i fe with

U Contents

Factory
Takauchi engineeri.|
futur al Academic
proceed

Nomur ao

Ni shi be,

regional

di scuss

of

10 :°0102

00

A wor kshop
postgraduatregr aduatued

Tot al

from younger
Postdoctor al
undergraduat es.
0 Brainstor mi
0 Sharing

transported

| abel ed

openi |
number

empl oye

student

nt er ng

11™May.
1 3 :°0106

00

Fi fth meet.

U Lectsabeut

openi i

Happi ness




0 About the reporxt (fr
0 About well being
U About " DBEOC DO
25t h May. |Six meeting WEBopening
16:00 U Lectalbroeut Bl ock cha
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carbon free society
energy
use in Denmark. o
3. Mr. Naohiro Nakatan
Environment al busi
di vision center
0 I ntroduction of
Met hanati on Techn
Zosen co0.0
4. Roundtable with | ec
Coordin&anuei Ho « Ik ia
University,
Chairman of tf
29t May. DEMOL&ci t al WEB openi |
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Seven participants;
internationadomst ud@
members of society.
"Themahat is |ike our
10t h Aps.cussion star
"ldea about energy usa
E. g YUKI DENKyphoon q
Thunder tracking
23rd Jun. Seventh meeting Factory
9: 002: 00 |0 About the draft engineeri.|
Academic |
30th Jun. DEMOLFANal meeting Factory
engineeri.|
Academic |
2X Ref ormation of members
Six members below are joined in thiks2 project aft
Kayoko Yasmemeotumi ver sictoymmufni e Rrdaiftogngss,o r
Makoto Nishibe(Shenshxu University, professor
Chisato(NMatabeal Agriculture and Food Research
Teruhiro Satake (Sapporo City Bureau of Environ
Promoti on Department, Environment ann
Makot o Douyashi ki (Hokkaido I shikari, City, Pl an
Promoting Business Cooperation Divisioc
Toshi o Yamamoto (Hokkaido Shi mokawa Town, Fores
Di vision, I ndustri al Strategy, Biomass
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7°>61 TEbLBUC. €E4p eKum-
| woax. 61 V. 93. M. > HoDGHODY i x
Pr TNy

s ex g ™eK 0 (527)

GE OPOsI xdzwe

eEKumM. gpTx"® E7 -

|EEF|AESIX‘éé’/J

Strategic Business Insights: s 2 (5/25)
"E€E33POXKPUPI %o 4 Al v -

| A 0@ z G: Ade Kurniawan(XXX) |

| P[ 20 @ |
oR MuhamadAfif Faiq(Indonesia)
Faisal Bimfiffin (Malaysia) D [ A , |
KaixinDong(XXXX)
T - y ’ X QU °

Fi g:2 Team meimNeew members are i*xn blue rectangl

3)Concl usi ons
As caonclusion to this report, the I nspiring, I m

proposal are summarized bel ow.

Il . I nspiring

"A route towards alleviating and solving the curr
and communi t yn epcrecsbslaernys i s

"The <current worl d of materi al weal th acquired
necessarily -bleiinnkge.d Noow wweolrle than ever, Japanese
reconnecting with their OOaHOcDOr iasntdi csgpsemsi mi |
information necessary to attain global sympathy.
"The vision of being Afree from energy by 20500
can use as much sustainable energy as they pl ea:c
energy from natpowemeacwersswaoryl d oand then make max
of this energy through storage, transport, and s
"Regional sustainable energyeics fecemhiaheaed wiptalt etsh e
economies, education, welfarechimeveaa so0dietndwh
types of goods, energy, and servitbtatst c¢antloe sayp!
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form a@MHPBPO DO i ndependent distributed network soc
achievabl e.

"Accomplishing thngi méer wnglas eweallreae joint deve

sectors, such as humanities and sociological fie

. | maginati ve

"The core technology in this proposal aims to ac

throughrbugh&thn heat storage technology.

"The ability to freely thermally store, reserve,

di fferent temperature zones and then convert it
temperature zones femablei oxpl asiesve wiomhavati on i

i ndustrial, public welfare, and transportation f

I'1. Credible

Revolutionary devel opment of heat storage mater.|
new technol ogi cal systemesr ageft hehérmbldsconht ealkry ¢
and heat regener at Hoanc,e dawustiencchnanc adb swtst ems f or
public wel fare, and transportation fields that r

"The proposetd mya2056, tdhmly 50% of the current vol

and all of this energy will be covered by renew

government and gl obal policies aiming for carbon
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4) Conceptual iMANGRetofprtdiposal for MS

Free Energy society in2050. (Heat)

Comic createdby
Nomikawa prodact.
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sip=e

B Alocaltown
I‘_’_/—ww/ﬂ?w — | inHokkaido,
; in2050.
l-._, @
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S

Thecityusedtobe
overconcentrated!
However,

Thanksto ithas shiftedto
machinallabor decentralized
andsustainable society where
andclean smallcity exist
freeenergy, |n parallel.

ithas dramatically; . @

changedthe th )
Energyfeeis |j
cheapand

IS transportation

=T | feeforbusand
PEs

trainisalso
inexpensive.

—_—
N Y Y - - N - W R

Qm@%slﬂ'%aﬂromdthestatlon E

__L ven

5;. localtown
—_| whichis

(VA
L\f)llldn:r?c;rt‘r?;t 09 ‘ [B 2o | faraway
thereis % © Zhl| fromcityis
unbelievably aswell
nothing developedas

inthelocaltown. thecityis.
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i

Jyuriana Takahashi

bornin1970

F4
Hey,
l Grandma~!

Eneko Takahashi
| bornin2036

rS‘

L -t
A I
My : Tha"k!fQ Asasummer
grandmais ] :Tc]);havmg homework,
\\ goingto NN Ihaveto
o teachme researchabout
1 hasSe oy what q‘ freeenergy
itislike societyin
' this year(2050).




it's

—

’- Yeah, \

only look.| §

modern
housing!

I'snostalgic. i

7

battery

Freeenergy ldidn’thave

is fully used
forpower,
lightingand

tohelpme.

forrobot.

becamerich

Butmy house
hasbeen

incredibly
changed.




changedto
IHheater...

Now,
wecompress
heatenergy
by powerand
useitfor
cooking.

L When
Iwas child,
gaswas

usedforit.

MarukoMaruyama. s
Bornin2021

N Nee——
A rd /
Solarheatand hWegftsit:trﬁge
exhaustgas |
fromhouse are changed ';ﬁ';’;'iggeg'f‘bta"k
withextraenergyto
| hightemperature of that.

e,

/ Good\
Whenenergy ; .
question, energy, difference
suchaspower \ ¢y Froeyo, isn’ti%x between
andgaswere : 26 and
usedonce, g
itusedtobe

wasting.
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However,since ||| Mainly
heat storage because
) Was *@ | material heatenergy
It's heat | developed, waslower
p;ototype qualitythan
o thatofgas
free- westartedto and power,
energy! storeheatand soitwas
fallCIIItIe_S allnd wasted.
Hec.f plantcircle

d 't —(ﬁ—
gt ibariases [ 59 Pece

Youguys
reallyknow
well

’.- Energy
usedtobe Energy was “Renewable”
generated 1 changed being~L.g meansit
gigantic plant,| || consumed couldbe
tobeing reused again.
circulated
\ overand
Butnow, = over again.
itcouldbe ?5 -O

geherated
ineach

energyis
self-

Hey, sufficient
Eneko life...
listento
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Youare
wasting
water,
aren'tyou?

Oh,
"] { Grandma!

Games

(microterminal)

Portable speaker
(water proof)

Al

Hotwater

supply

System using
gheatcirculation.

electrical

appliances
atthesame
time.

Flowing water
is justwasting.
It's Mottainai!

llike

takingbath

while

flowing water.
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Why s this

We Mottainai?

for water!

Wegenerate
powerand
useitforfree!

That’swhat
freeenergy
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