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|l . Concept of the MS target being proposed

1. MS target proposal

1.1 Names of the MS target proposal

AReati darmseodt by hofmieietr 5 peeirrscowmladt | emegywyyt, ematfearn a
and water by 2050.0

1.2 The vision of the society we would Ilike to r
Realize a society where everyone, regardless of
mat erdawat ane ntohdagthhr as @er vi val within the unit of tI
now, energy/ material s/ water have been-scpaloevi ded
infrastructures. By reducing tihviisduianf rlaisvtirnugc tsupraec
be possible for everyone to | ocate the base of th
wi || ilnRadveal redwemiensi oh fhemCDiving spaces b
the renewabite ttmergmnerigry addictuilant itom.t he el i mi nat
hrough decomposition, polymerization and mol di ng
sing the amino acid synthesis techrodeoguyr iwigd I b
f siarilei dg water everywhere through water <circul a
abled for individual l'iving space. I f every |

o ®d O C
=}

-

amatically reduce the depesndemoead ochmhetkrdf exti st
infrastructure caused by natural and manmade di s
enable construction of c¢closed system at each | ivi
is resilidemi agasmsch @sant hd4d9one caused by COVID

Meanwhile, as it is predicted that by 2050, the

as envisaged in other Moonshot targets will be re
notl yonin the digital space but also in the real \
will be created.

The system that can realize cir cwloaitgitons uorfv ievnaelr ¢
is call ed t(hRG)pleno stoheea ys gf i @POGG 8, wwdeser ehd, peopl
in any place they want, not only in the digital s
a new culture based on more diverse vatlhieisr with

| ocati ons.



Realization of the society that offers stand-alone living space
where energy/materials/water are personally circulated

Product !ﬂﬂ Y
Circulation system within the perfectly closed
Ut mobile personal space that uses renewable energy
Disposal
From fixed society to The personal grid envisaged by the team
mobile/decentralized
society
Energy, materials, water
Y pg
hAaRD
A BEAa
“H BB
2 Water circulation
& Production
Maintain sustainable Protect life Create rich culture/life

environment

7 ero CO2 amission Resilient against One can choose where to live
natural/manmade .
Zero plastic waste disasters. One can freely create
clothing/vessels
Energy Sav[ng.(Zero Resilient against One can produce/provide
power transmission loss) pandemics.

food by oneself

Figure 1 Vision of 2050 society

2. Targets(The scenes where this MS target are ac
By 2050, three circul atPr@neambhy Bwnhestheffenadgy
water, will be built for each living space. The
circulation are as foll ow.

n Energy circulation

We iwl work toward building a system that can ge
each |living unit by wusing renewabl e energies anc
changes in energy demand wheerrcembi mbdswi shadome:¢
As this system wil/ cause major changes to exis
di sappearance of #fApurchasing externally supplied

The system to aggmegagyedamandpoif meaeht hevéeng spa
as the Home Energy Management System (HEMS). Foll
Policy Unit, Secretariat of the Cabinet Office)
| ingi space inside Japan by 2030. Thus, the HEMS t



is already constructed, and it is assumed that it
expansion of the | CT t ecthinoonl dogyy HIENMSs d csi etoyn.d uRcot veedr

energies, especially solar power, as well as fuel
of the national project toward 2050 by the New
Or gani zhaitcihonex aami nes how to increase power gener a
Moreover, discussions for instance on hydrogen st
are ongoing. I n addition, d ervee | lopwnemdad s to,f wintnlo viait
density and high output density is also similar/l
technol ogy. Further more, there is an ongoing nat
supports poweuelgecneelrlast.i oThh ebrye ffor e, it is inferred
circulating energy within individual l'iving space
achievements of other national projects.

As interim goabsjngathet poavee getmetrati on cost o
conversion efficiency of its practical module to

to 6 kW L, and its system cost to | ess & hafn 4000
500 Wh/ kg and long |ifespan of more than 15 years
system reforms are requifed,tasudi dsawerdaact mpanrntc ha
energy at more f avotrlaadtl ei pgtialel.atliton sofprae dHEMS da't

wi || be realized by achieving these interim goal s
°© Material <circulation

By 2050, it owi I be possible to recycle clothing
for Ilivingketmeptottbhceufjh amino acid synthesis ar
at i ndividual l'iving spaces. This wild] el iminat

production of the basic clothing axb prviemrtydra,y amno
all ow cultivation of fake meat and agricultural [
Today, recycling of plastic wastes is already co

to return polymer products tic taH e emarnyo mert arbd ti esrhiee

expected that by 2050, new materials and their ci
other than PET resin to monomer will be establist
technologestlebecurtliysis technology has already

fake meat is not impossible. Furthermore, examin:
printers is already ongoing, tmed s$eazhaotl ogi cadni.l
i ndividual living spaces are expected to occur &
agricultural products are already established. Ho
wastes (kind hexic rremerste) aas biomass as fertilizer



space is a c¢closed system. Thus, in order to rea
dramatic energy and size reducti dndiomfmaesxi wuttiidg za
technology are necessary.

As the interim goals, establishment of technol o¢
monomer as well as amino acid synthesis technol og
set &asarghe. . Furthermoseal esaambns amesyint akessmat ke
ai med.

> Water circul ati on

By 2050, it owi || be possible for everyone to s
appropriate waswawatrenctesatméntndndi dual 1| iving
within the | iving space unit for this purpose, it
the environment of the dwelling and eliminate dor
Today, an integrated system of sea/fresh/ sewage
Water Recycling and Reuse System Association, anc

this system arctailcei pfaatceid ea hlasraghad besrsdaced down

l'iving space unit. Mercadeemwataem examplatobnsmglst
recycling system installed on the International S
whi lee ntekt generation small water recycling systei
water generated by the fuel cell used in the eneil
addition to the recyclingrodumwdisng wanweirr @mmen tn.e d
expected that by 2050, a small water <circulation
space wil|l be in place.

As an intermediate goal, we aim tocestld®l iLday w

of drinking water from domestic wastewater, inclu
establish hydrogen production technology by direc
a collaborative fesgbtlewmbth other circulation

I n order RGnNi socalt ythhbg 2050, devel opment of a 1
close coordination and mutual information transmi

essenti al

3. Purpose forets,etddmigalthi siggaitfacgnce of achievi
3.1 The reason why the setting of this MS target
now

In the society of 2050 where 1 to 7 moedshot tat

i festyl es, including employment types, wild.l c ha



and robot technology; healthy Ilifespan-ewirllly be f
medicine and remote mwmedicei ceyfycahadtswnt andablee fes

with the environment wild.l be realized. The unive
will have been developed. Therefore, it is inferr
di fferent from the existing ones. However, even i
place of residence for people is predicted to be

weak against natural almlde maganardset dp sradd mircss srwd e

COVHID>® and regional gaps in various areas are eas
I nterestingly, the main areas of residence have
citiemsy.tol nt ofdact, people are stildl l'iving in the
earliest known civilization, were |l ocated, and p

great pyramids of Egypt.tiOat vaemisoms fiomftdstsr ust

in cities in each era, making them convenient to
materials and water, including the distribution t
are potentially the factor that hol ds people to

pl aces where many people gather. Thus, it is prec
today, the center olfi tcaun taurreea sw,i |lds bies tthhee noea s e ptoo
the center of culture attract people. Therefore,

is widening today wil!/l be further exnacreyr bbayt etdhe |
Ministry of Land, Infrastructure, Transport and T
than half of the popul ation compared to today, an
gaps will push wpsthaeafusasde ufcdarrefs,vprrieventing d
depopul ating areas. I n order to correct the regi
resilient against disasters and pangealilcy,heal i sy
and cultural |life regardless of where they are |
systems for indiwiGlanl beiebngi dpredsasthemeans t
society.

Exampl es dfogtitees ttehahndui | d fdemrglyuadeé rrced awa mine we
related technology, fuel cel | technology and hy
technologies for reathbhenngoai stuyw.t aismillioar lbyw I tdh en
materi al circulation is also the technologies tog
debated today, and the technology to synthesize f
the feoad fdelifencylhreatparoff i tagam.n technology that

the technology for obtaining drinking water wher
This purification is essential in phaclksgsesht hat

support eachHCconsusttobnatbein high technological



Thus , PGtihBea system that integrates science and

performance requiredioef issatompensmamet ¢éelvrdl ag
which is extremely high. TherR®&or ea, sihtorits tiempm s sa
necessary to promote it as a national research ar
3.%0cial significance of achieving the target

First, the social significance expP6&camrd sotfs eoafc h
three circulation technologies, namely of energy,
I n the energy cibecivladtaosnystdm whealeitshe oenergy
is generated through renewabl e energy and fuel c
responding to changes in energy dema-sadfefnhccypugh co
in energy implies free choice of I iving space and
by the social infrastructure for power and energy
by natur al and mansmpeedyi sasoeesy akr ovoml { ham.

MoreoverPQ@iitth itdhhepossi ble to generate more energ

Thus, it is possible to turn the household secto
energy consuMmptbsonal i fedmapa®l9 Comprehensive Energ
sector from a energy consumption section, bringi.!
for electricity instead of paying hewablte enGemegr
and fuel cel | notfommimy the hmotusgdmé datsecCOr , but

CQreduction in the industrial sector, tBGwhich t
wi || be an effercti &l isaicenugt Iraad ¢ astoeconneft vy .

I n the matetrhelgaalr ciud atta ocnr,eate a system that e
product s, production of faux meat <consisting of

organas.teBw decomposing plastic wastes and chemiceé

mat er i al ,-poalnydmetrhiezni nrge t hem, it wi |l | be possible t
Af t eprolryemer i zati on, the matgeramtsptastibe pemddet $
printer. Through this, all old clothing and pl ast
materials for new prBGuwdtls .beThaeblien hab iptua cthsa scef dtehr
plastis psiodgcthis data. For food, in addition to
synthesis of amino acids, they will P®eialgl & hteo ¢

modul ar plant factory accorsdiwigl |t oputriceriars en aedcs .p
produce the necessary amount of food from the agr
printer.

Thmat eri al ®iQuiclull ag n aml 6 neveryone to obtain the

et c. tvhant tehteyany time regardless of where they
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rastructure that can respond to situations wt
asters or poverty. All waeme menheraakd bygr enew
fertilizer for the agricultural product s, wh i
charge of common wastes, plastic wastes and
uction in dfhet lsec ad i atnidngcowadast e treatment and
king ingredients will be produced through amir
then directly processed into foedtbyg Hftded 3Delp
ficiency rate of Japan while eliminating the
tivation, food production and their transporte
e goal of water circulation is toeveriyiodnea ttoot ¢
ure safe drinking water and eliminate wastewat
cul ation system, composed of the technology t
nking water and nt hecwaotl owyt emwipudr iefniadcdtei ever
king water and treat sewage. Thus, it wildl pr
erworks and sewer s. Meanwhil e, it cansealso r e
w during disasters, as well as the repair cost
Japanese society, where the population is dec
ake cost from the social imdrrsastasicwelrlesaseth
quality in their usage cost between regions a
satand and RPR@cast walil zeaed i(nl Ghhaet iinnttBe@rraatteeds gtrk
h inequxliisty dMwe®orwvetr,e society at |l arge will h
i s highly 1likely that these grids wildl becom
roducts of the water circul atiaommncswatems Dbt i

ing the wastewater treatment, wi || be separ at

compost for agricultural product cultivation to t

t he
hyd
onl
Th
ben
i ns
mo r
Al

water circuhatioms sygstempat soof Itnh e dmdd tta roingl
rogen production by direct electrolysis from
y to the water cycle but also to the energy cy
eGprovides energy, materials and water circul
eficial not only in the depopul ated areas an
ufficient, but also in thei alr biamf raa setarsu catsu riet.
e diverse senses of values will be accepted in
and robot technology. Thus, it is predicted t
ntrysinderemded wrclcaor ding to the individual sens
the urban areas, a new sociladhatnfirmtPedg ruattaus et

shown .i WhRilgeurdeev2 ]| opment of similar systems s



Energy (loE) are already ongoing today, the i:1

urces of energy, materials and watelr&in coor

built within areashbuwiulchi nags ocri trye ibglhobcokr,ho@amar

umption of energy, mat erials and wat-er are o

and decentralized soci al infrastructure th
rwor ks aed weoew, garbage collection, recycling
eover, as the amount of production and consu
mer , agricultural product s, feranlioceegr &t ed
em wi || be different, it wildl be possible to
or instance setting a | ocal currency for the

ness sy St em beaekttveerenral comp&naree . conbheerced ,edt henr

wtoyrpke sy st em, building a regional soci al i nfr

rgy, materials and water within the whole regi

in the coulatr ewn®adnedhla@hdd t henuf pbanhe energy/ m

ul ati on systalnb men da rpd odve adeen tar asltiaznedd s oci al sy
ials and products as well as theit hctdoangd bhrpt i
Moreover, as everyone wil |l be provided with
l'ivi PG iinsiicde htilgehl 'y | i kely to become the new
comfortabltyheywyganmralleiswi md, wthleeier occupati on,

far, t he s ol Gasl dsiisgenuisfsiecda nfcreo no ft hteheper spect
ver, when the overview of its soycicaoln cienpptascot s

me apparent.

first key concept is AMaintP@GarmeOni i csnust ai
each |iving space will be zero thanks to the
ality isrectlme . h o uMsoerheoolvde r , in the materi al C
s from each living space will be eliminated,
ill, burning, chemical treanateead. or Fturrarhsepgar
od production will be conducted within the d

the production and transportation of agricu

i on, as theélwatltémi aat eulustaigen ow surface wat
arge of wastewater, environment al burden on
atural resources from mega water supply faci

second key concepPdiss af Pmoobtielcet i soyns toefm |w hf eerode.

njoy an independent | iving spaseawétpgpoud. bk
enable residential mpmayxendtoumalviemd mmand ¢ heki sa
earthquake, typhoon, flood, heat wave, cold wave



entire area experiences a natural disaster or a p
environméenwil | be poB&irbltéheEs pleicval Wiyt hinntthlkeur b
are considered to be vul newialbll eprt ot @dts atshersqc ifalr
that support the | ives vefrypdomlme tehred dwislalstemrabl e
The third key concept is ACPGatiacm ofesiidehceul s
system, which all ows more choices in where one ¢
diverse types afsepaneblebfiormatwohl of <cities by
t hheG whi ¢ h PiGn,t eaglrlad-mess ot y ofmor mati on, constructior
in diverse |living environments such as desert, mc
of the ocean or in space. The asaWi khteonooofadeve
of new cultures and senses of values based on di
where anyone can select the place they want to |1
and create fheaelgy acneds hgnesee hol @t items or food t hey
will lead to the creation of rich culture and |iv
The objecktd setofbtthked a society where everyone,

| ocation, omctulLpastonctage, ofaincome, can |live a c
and manmade disasters without i mpacting the envi
diverse senses of values is creatammdc.e. Thus, its re€



Scenarios for the realization of the proposed social vision

PG and IG implementation scenarios
using existing infrastructure

Existing grid (infrastructure) IG Composed of PG
Energy/water/
h \ material source
: Y PG
seene A AA
A A .
» & g A
Sewage Mono&er/polymer
Gqrbage /bioethanol/compost
“Consumption” inthe city (grid) “Production” in the city
Collection of manufactured products by
diverting existing waste collection networks
(infrastructure)
->Compensation based on shipment volume
Figure 2 Scenario for the introduction of Integ
(PG) .
3.3 Outline of the efforts by society at | arge f
The following is a |list of rietad mg atPdGoing aoid io zt ehdee b ¢ |

each circul ation.

e }

Energy circul ati on

1. Increasing the efficiency of renewable energy U
2. Hydrogen production and storage technology

3. Increase of fuel cell output/durability

4, Si ze r edauaxpgdwint anidncrease of storage battery an
5. Feegdariff (FI'T) and separation of power gener a
Whil e technological devel opment by researchers/

essentisal neictesisaragl to design the post FIT system

economic analysts in response to electricity dist

0 Material <circulation

1. Establi shment of mategyathaobnvansiconveethfreel.y
monomers (manufacturing and recycling of plasti

10



2. Establ i s hnpsecnatl eo fhisgnhallyl ef fi ci ent amino acid synt
3. Establ i shansecnatl eef fheiogghe hcy ammoni a synthesi s
4., Manufacture of c¢clothing and food products by 3D
Technol ogical development by researchers/technic
across disciplines including chemistry, agricultu
°> Water circulation
1. Tecohhnrogy to turn seawater, river water and rain
2. Purification technology of wastewater that cont
3. Technology to produce hydrogen directly from w
river water and rain water
Tecohhnogi cal devel opment by researchers/technicia
across disciplines including chemistry, agricultu
" Electrolysis -tecanedoggchndt &Geereguouiesed for th

1. Miniaturization of reactors for PG scale (micro
2. HiggHf ficiency electrolysis technology with high
3. Modul arization of reactors and reaction systems
4, System technologgssobalbance] emeérgfyfi cni ency bet

|t is necessary to collaborate in research and
system technology, mechanical design, and catalys
4. CbBangethe social/industrial structures brought

I n RGhea circulation process where all waste gen
become materials for other processeéali snfoameéeduct

of today that provide energy/ material s/ water an

decentr al iHzyepde mseotcwoarlk i nfrastructures that wi ||

energy/ materi alPG wanldlr warmowigd et hrronomer s, ammoni a
generat €@ btyo tihnedusd alye polweerrgepl ant s, power trans
water wor ks, sewer and waste treatment plants who
social problems will become unnecessary and the c
wi || decrease. I n such a society, a sustainabl e
provided to everpGreamindlemé $ameéngi me, tthlee i nter nce
of the companies and industrial facilities based
't is highly 1likely thadgcalamaeanwiindnnmdrstoale/xspoecriii

climate chhongeagwatdestruction PGvi hht beeabdbhe pan
to such situations, and will enable living and ec

social infrastructure or areasawdi tPgGhiahe hdilverl ag

11



areas including the countryside and urban areas o
infrastructure industry of Japan that can simultt
economic performance.

I ndatdi on to the soci al infrastructures, provi si
plastic are essent iPa@d tfloas @ eaorpd eprtaod d d esck/. c 0 nlismu mte hd ¢
the outside, design fortctophbdgectdesignddrawipg
knowhow for their cultivation ar e wha't wi || be
clothing/food/ household item industtied éerpefll en:
property ti mdwwtirdest ianf or mati on instead Pl object:
themselves where the service is provided to the
regional resource companies who piegfoexmpmedtnsd.al | d&
predicted that by 2050, changes in the structure
from manufacturing to intellectual property servi
3D printeorypl atttc. facnto the

ThRdG s the means to enable everyone to have a con
are |iving, whet her it is on | and, in the ocear
environment al bbwer dvePiGh titdh efi emrl pp astsamdd decentrali ze
spaces or cities that are not affected by the dal
o
c

f soci al i nfP@wsitlrluceamualelse byyapahreeseablbei sbgi ¢by,s
haracterized by regional decentralizati on, pr ox
regional <circular and ecological sphere, coexiste
the social structdur2050form in Japan towar

I'l. Statistical/ Comprehensive Analysis
1. Challenges (scientific, technological and soci

1.1 Energycirculation

I n order to realize the matercahscyeredin PG, t}
1. Use of renewable energy, mainly solar power
2. Hydrogen production and storage technology
3. High power and high durability of fuel <cells
4. Il ncreasing the size, capacity, and | ongevity of
5.

Feed tariff (Flgoweamdsuspplay aamdndiogtri buti on
1. Rehewabl e energy as represented by solar powe.l

Photovoltaic power generation and wind power g

renewabl e energy sourcesscalre papenteesdwt oepei h &e

12



in the Ministry of Economy, Trade and I ndustry's
2050, " solar power and wind power are |isted as
technol ogies haveaisntrosnpgedaoacaei ofi tthhesitimportance
condiAsi oannrs .exampl e, Figure 3 shows the amount of
for residentiall) PNs powewde, giegnhelF imgvieamge eamnu aoln el e«
is about 1000 kWh/ kW -BOQ%w dbperdisgaowatrheatiegi o
installation potential for residenti al buil dings
91 GW if sidewalls are added.
Fd
4
(kWh/kW)
1,100
500
Fi guAnrenlu3ael ectricity generated by redidential s
Currently, photovoltaic (PV) power generation is
due to the FIT system and incriempi oage etmmlvé r omimleinz a
of renewable energy and to make it the main power
reduction, i mprovement of pavearm gerdradtiilan ye foffi

generation system.

1. Hy2igpeon production and storage technology

As electrolysis of water does not emit carbon di
will be possible to build an ultimate environment
producec@&lteknraowdlysi s of water as the energy source

electrolysis include the alkaline water electrol:

13



high temperature water vapot acl eat mekt Woids, oadndydih
compressed hydrogen, | iquefied) hydrogen, organic

1.1n¥reasing the power and durability of fuel C
I n the polymer electrolyte fuel-FaAM| i{BREFIGXN Uused
of hydrogen occurs at the anode and the reductic

(@]

atalyst is platinum, a noble metal. I n order to

—

0 develop a catalmetethlhe canged fiedeoati gnpreac

energy | oss. Since platinum, a precious metal, [
shows high durability even under high temperatur e
amont of rare platinum is being promoted worl dwi d

l1.1n&reasing the size, capacity, and | ongevity
Storage batteries are not | imited to use in port
energy and emdr geecy hesefore essential for the r¢
to increase the capacity and the | ifetime of the
batteries. I n addition, or gamiad eslteatargel ytag & elra e
reliability has been questioned due to the occurr
years, the devebofpmhdarnte dfatrtelriiesl chaasl Ibeen acti vel
over setahse,i rbutow storage efficiency is an issue.

1. Fe®a tariffs (FI'T) and the separation of tran
The electricity system continued to grow massively through coordination using synchronous
generators. But as its consequence, wukerable against major chain blackout at the time of
disasterd. As the existing electricity system has limited system capacity, the situation where the
renewable energies reach their growth limit due to the limit in the system capacity no matter how much

their introduction is promoted via the feedtariff (FIT).

As the renewable energies have regional unevenn.
power source. Microgrid is being developAed towar
mi crogrid is fia group c ons demandthaisiodeperadendfiomtheer sed p

electricity system and can be controlled from one location. There are cases where they are coordinated
with the electricity system, and the cases where
supply electriciy in for instance remote islands, they have high fuel cost compared to coal or gas fired

power generation. Thus, it is inferred that the microgrid that combines renewable energy with storage
batteries will be economically acceptable. Visualization of gnefecentralization using the

microgrid is shown in Figuré®.

14



Concentrated system Decentralized P2P network

Solar power H0U59h0|d Solar power

Household mHousehold Household ."'generatlon ﬁ-. generation
M ' E &Electnaty & Electricity
storage
Bower plant Solar p_o\,;y g storage
generatio
l l muu A 3 zam Solar  power
re (Mmfm i )my B m* T sren
- N p
Household lectricity company"y,sehold fif Household / Household
sas Solar power s=w Solar power
ﬁ ﬁ ﬁ- generatlon ﬁ':' generation
Household Household Household . Household
Electrlaty
storage
Fi gaadiesual i zation of energy flecentralizatio

As smart grids and microgrids are dependent on the voltage/frequency of the system and require
constantbackup, the fact that no technology that can ensure that they will switch to uninterruptible
power source during a blackout is a challenge they are facing. Digital grid is proposed as the solution
to this problem. Itis important that cell grids are pesed by bodies other than the power companies
and enable direct integration of renewable energies into them in order to trigger innovations in the
electricity systersl.

Moreover, asynchronous tie will be important for avoiding the vulnerability duriresteis.
Asynchronous tie is a mechanism that is expected to be used for maintaining the stability of the
electricity system during the mass introduction of the renewable energies. The fact that it allows
exchange of electricity even when there is a plsa#e is the benefit of this asynchronous tie. By
expanding its area of usage to lower level voltage system such as high or low voltage distribution
system, it will be possible to freely control active power and reactive power and solve the problem of
voltage. For instance, if the inverters, etc., of the solar power can freely inject reactive power, it will
be possible to control and stabilize its voltage by utilizing the reactor component -ohqahed
transformers, leading to stable supply of the talgty from renewable energy. By using the
asynchronous tie technology called BTB (Back to Back) that uses two inverters to turn alternating
current into direct current and then produce alternating current again from this direct current, Japan

will be rdeased from the constrain in frequency it is fading

l2Mat erial <circulation

I n order to realize the material cycle in PG, t
1. Establishment of materi al conversion technolog
monomers (manufacturing and recycling of plasti
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2. Establ i s hnpsecnatl eo fa nsdmahlilghl y ef ficient amino acid
3. Establ i s hnsecnatl eo,f hsingahllly ef fi ci ent ammonia synth
4. 3D printing f oprr ocduoctthiionng and f ood

Whil e some of these component technologies are a
that can be used within the PG. I n other words,
and sustainabilityh nousmp obnee nd c hieecvhendb.l og¥atcs stil
Moreover, a strong platform that can connect and

1.2.1 Production/recycling of plastic products

Pl astic i $rmpamitmloy emandeor natstaraf gasm bBnelJampde, fn
(crude gasoline) obtained by refining crude oill

|l ess than 2d0&On 0D , DPHDe &kiL)ed , t ker osene, l i,ght oil

whi ch afcocro uonntl$yh e< 1p0e% cneanpt hatghdadd o f pl ast i thprgdact yon
used crude oil andi s mprolryt eadp mragpx ihma tienl Y1 a®% n( wei gh
used for plastic is only a fiew ipserccoennstu noefd tahse tthoet
(Fi dulrre ot herr wdudtsihen benpluawi iold a hme e tmpmet on the
reducamoamfofcrude oi |l oon tthhee ch a sntast led &£ htainég.eu b e o £
we should forcus on reducing the consumption of

reductaimonumfo spl aswiccusesd sder pd UtcloempO ssi on from
crude oi l

Crude oil usage and production amount of each product

Petroleum product Basic petrochemical product Plastic
‘m -—_ 6160000t Polyethylene 2470000t
= TSOOKIES yiene Polypropylene 2360000t
= > Polyvinyl chloride 1690000t
1,6450000 KI(G%) Propylene 5170000t oyvinyrenioriee

Crude oil |— Kerosene | 6 B fracti Pslystyrene_ _ 1240000t
(Distillation/Refi | 1,4040000 kK8%) -Braction 2610000t e
e —  Light oil A ) Thermoset.tlng resin 970000t
17!777[m0 k| 4.0220000 k|:23q’1‘l'. romatic  1,2850000t Other resin 220000t

ey Heavy oil Others
2,9370000 kI{17%) Plastic material
Imported naphtha o] 2200 LD
2,7020000 ki === Chemical materials other
Total of petrochemical naphtha than usage as plastic
4,3460000 kt

(The information in the resin production amount in Page 6 and the plastic material amount in

this table were collected indifferent month.)
[Data: Frepared based on the 2019 edition of “State of Petrochemical Indus try” by the lapan Fetrochemical Industny
Association.)

Fi gbFAleow from cr%de oil to plastic
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Since BDRIOYy plastic shopping bagby(avipeldéap &re.t be

Ho

wevedebdatheut the rellaegsonsbdage bet wepakmdstlie€ess hop

emvi onment al i mpact swhiesm ndte gted aitgtnfsdn wa rbde:t we e

s h
co
t h
t h
6)

t h
t h
fl
t h

pl

opmphgstarculsad/l e shopyeim g sh aoq) itanede x@Ganisn ead mo s t
ntribwriednothdétel@& usablse rtkegpe atoeadlayt Useeadst 50 t i me
ee@ ssion from the reusabl e bag production (pr e
an that of plastic bag produsttgnpbpyesbmedned

Moreover, i f t he gwebiaggh)t iosf pao srtieumlcsadteddl de ithoa gb e( 3a
at of a @/ lashprrce biagodIBmddbtutrhe rpel dawsctsiceh esfs
e reuvismedgd eatbadphry Leadhtin 10e & laimew,CtQdudi sca o n
uct uatee cwhhehredenai nt enance of reusable bags (cl e
eir usadéthovodegbairabogt eai ghittf oir sva redpyeeegstahgaet o f
astis maoyywueciti meestteelmyw i r onmpatab

10.0

.E —— Personal shopping bag(25)
Y| S— - S E— ~— Personal shopping bag(50)
g - Personal shopping bag(100
c‘; 6.0 | e —— Plastic shopping bag
o Mumber in the bracket is the limit
i of repeated usage.

2.0

0 1 1 1

1 [l
50 100 150 200 250 300 Shopping frequency

Weight (g/bag, per bag) 3.0 32.2
Material HDPE [High density pohyethylene) 100% Polyester 100%
Produce in China (Fujian Province)

Premise . X . X
10 minutes sewing using sewing

Production method Inflation processing machine with 250W rated power
Distributed/used in Japan
System boundary Material mining- Production - Transportation (ocean) - Usage - Simple burning
Material stage 4.1 675.0
Elleiem el Production stage 1.5 30.7
CO, emission Transportation stage 0.2 1.8
(g/bag) disposal stage 9.6 74.3
Total 15.4 781.7

[Inventory data]

LCA Japan Forum “JLCA-LCA database” (3rd edition, 2008)

PWMI “Inventory data study report on resin processing” (2000)

Manufacturing Industries Bureau, Ministry of Economy, Trade and Industry "LCA study report on textile products (clothing)” (2003)
Mational Bureau of Statistics of China “China Energy and Engineering Statistical Yearbook 2006” (2007)

Fi g6iReel ati onship between thhemiscsesqowueanayndofpremo e
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calc®l ati on

From the debate on the relationship between the

shopprequandib€® ssi on, the situatiobhreeidaucdli ®@ar loy

pl astic and=tshheedptchgohbaglfi mgreitdhen meomtsaer vati on of
resoca.or cehus, it i s iicrhp ovet asrhto hitleal eahlivasreciofsiygnewnht al b ur
by @i ssi on, gesoerr aetnivoi nr oonfmewnat satiepp calsltutcison ns uchhe &

Whitlhpeer cent age of plastics amongnadlrdéblmiel ffoiidn usag
of plastic isi®Po0b8ucdml ¥t idctappmaadcp cotfget hyl ene an
polypropylene. This is dpdeasttd ct hues afgaec ti st hfeo ra ppparck
wrapping sheetssamdhclaisng!| faistinc Gamgsequentl!l vy, t
polyethylene and pol7ypropylene is | arge (Figure
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Others breakdown

(Thermosetting resin)
Unsaturated polyester resin  1,1%
Epoxy resin 1.1%
Melamineresin 0.7%
Alkydresin 0.6%
Urea resin 0.5%

Others breakdown
(Thermoplasticresin)
Polycarbonate 28%
Polyvinylalcohol ~ 20%
Polyamide 1.9%
Methacrylicresin 1.4%
Polybutylene terephthaiate  1.1%

Petroleum resin 1.0%
Polyacetal 1.0%
ASresin 06%
Polyphenylene sulfide 0.4%
Fluororesin 03%

I Production ratio by resin type

Urethane form! 9%
Phenol resin 2.7%

resin

Others
41%

pr—————ws others
12.4% 'mennosettmg

8.8%

Total production
in 2019
1,0500000 t

ABS resin
32%

' Thermoplastic resin

895% Polypropylene
232%

Polyvinyl chloride
16.5%

Source: Compiled from the monthly statistics published
by the Statistical Research Group of the Minister’s
Secretariat, Ministry of Economy, Trade and Industry, by

the Japan Plastics Industry Federation.

Reinforced product1.3%
Boards18% —]

Formed product

Fi goRet i o

Plastic recycling in Japan is :thasmafeedal

Building material
47%

I Production ratio by product

10% Synthetic leather

Total Film/sheet
: production 42.7%
Pipe/joint in2019
75%

5740000t

Container
148%

plastic pr odwnadt ipaurr padsceo r(Riong )t o

19
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chemical recycling and t heramalshebMngrillnantes rhaher gy
recy,lliamd i wewasmelst matde.r eTalksee dpracsc ess of col l ecti
reommercialization of PPBTobklenstsH emi d &sl arnecyalsipd g
pl astiwemwastce@emvteor tmeadt er i al s, monomembB¢albsa®eeabme 0
use them again. Fromsdihrec wleatsipcerct d fveplod mintaet leirm at
recycling prodcéss!l ar i p tihheprommatlapn e cpdladss tinligeer evast e s
burnt hfearnr tolre e@roavteirom.e Not e t hatehenmahernepytili s¢ ar
ofenergy recovergtoempdtl!l icd ptshedaliteemafaolr eand chemi cal
processes are discussed in this section

Table 1 Three recgftisagpampercglrcmbaogtied: fsReli .d Hiug
from old papers and plaséecygsl ¢hat2arBRefluséi deaetit v

made from organic wastes, &ombustible wastes or ¢
Category (Japan) Recycling method ISO 15270
. . Reusing ) | Mechanical Recycle
Materlal Recycllng Returning to plastic materiak

Recycling into plastic productd

Returning to materials/monomerg

Blastfurnace reducingagent| Feedstock Recycle

Returning to chemical materials
in coke oven

Chemical recycling

Turning Returning to chemica
materials

into
gas Fuel

Thermal recycling Energy Recovery

Turning into cement material
(Energ‘f I'EEOVEW} [fuel, Waste power generation

RPF*!  RDF*2

Among t he 8.3 dilihdebh alonowtomst of plastic, 4.9 bildl
as landfill, 0.8 billion tons aB)e bTuhrenste, naunnidb earpsp rs
t hat only 9% of pl & g&£tuiro pwa st taseu apteericeesnctyacglee df.or t
recycti bgtween 26%W and 52% (Figure
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In-use stocks
2500 primary

;!

Fi g8Amount of plastics produced, used and dispose
Milli®&n ton)
i} Plastic PACKAGING* recycling rate**
er country in 2018
i . o EU 28+2
T packaging |
40% recycling rate:
42%
20%
1 1l 1 11 ) i 1 1 1]
LTTLL F 111}
0%
é’-ssg@ltv E-@Q@EB;Q@S?‘:Q :g’gg.,éog
> §E8SEX533 £S5 n“§ L] g &S
5@555 5= §§§§i§ 5§5§§é§5§335£§
§ 2 g ER
g £ -
[1] Data 2017 M Mechanical recycling {m: Chemical recycling

Fi g@Reecycl i ng r at ecso uannorni gePsE ui rno p2edaln8
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1. Prdduction of amino acids

Amino acids are essenti al compounds for human ac
and the independence of PGs would be greatly enha
PGs. Chemical, biochemicasle,d anod perxotdruaccet iaam nnoe talcd d
is being conducted on chemical met hods that are

have a wide range of apepontabningyamFoo agatpl and
pr oduchamibceyalc met hods are widely used in the fiel
commonly used chemical method is still a producti

1.33.mmonia production
Ammonia (NH3) has beenf oi dreiltyr agen fasr tihlei mat er

clothing and medicine. Unti |l today;Boistcsh pprroodcuecstsi.c
However, as this production process requires hidg
600 , 2D000atmospheric pressure), | arge amount of

production methods that can overcome this proble
(achievement of Tokyo Universityhigdeeldopgdhtthees in
of |l arge amount of ammonia from nitrogen gas and
of its kindd ilnt tihse rweogdrdded to be an i mportant

generation ammommat kygint webl sr e plhaastaeh threo cceusrsr,e ndan

practical application is eagerly anticipated.

1.4ZCurrent Status of 3D Printers

In the PG, matters are returned to the amino ac
technology, and then recomposed into necessary it
Precisely speaking, 3D printernsg) Oadafeccategameze
the following seven methods.

1. Vat photopolymerization: VPP
2. Material jetting: MJ T

3. Binder jetting: BJT

4. Powder bed fusion: PBF

5. Material extrusion: MEX

6 .
7.

Directed energy deposition: DED

Sheet |l amination: SL
I n each of these methods, the shape is obtained
while it is in a fluid state, such as powder or |
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The methods to mold polymer include:

l. The monomer is discharged bwi tthheUM nikmrad d iaantde
(MJT, VPP)

I. Thermopl astic polymer is melted and extruded,
( ME X)

[l Pulverized polymer is selectively melted and

When considered f o&, tlheruslage swiitnhfienr rtende tRo be t

However, as | involves polymerization, the saf e
the polymerization can become chall enges, especi e
And with |1, theisecppriged material amné ¢ he same
where reaction or synthesis is performed within t

1.3 Water circulati on

In order to realize water <circulation within the
4. Technology to turn seawater, river water and ra
5. Purification technology of wastewater that cont
6. Technol ogy dmogeamddicrredctyl y from wastewater that

river water and rain water

The technologies to turn river water and rainwat
cale, as purificationspadmne spisandiednpamilféessal M
he purification technologies of Wastewater that

L )]

for i nst antcree aitrmesnaeawgpdeant s. I n addition, the dir.
seawias ea research theme that wildl gather signifi
current stateref awatdent ecihmou logtiieen and t he chall en

P& 3! Regarding the mechtasni simncolfudp wnrgi ftihceatp wmi fpilc

empl oyed, each municipality makes it available in

1.3.1 Technology to turn seawater, river water a
At purification pdamgsdrimhé&i pgowasserof sprovwughly

same in every municipality.
n Take in river water, | ake water, etc., from t
° Precipitate | arge trashes and gravel in the w

> Condense cloudiness and Wért amdtheewiapierausi

~ Filter and the water and disinfect it with <ch
v Place the water in service reservoir and di st
I n principle, smal/l mobile purifier also obtain
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rive

r

water and rainwater. Mor eover, desalinatio

multiple filtrations. Asi etsheo fp usrepaovsaet eorf idse staol i sneact

drinking wat esrc,altehefyacarld tli®sgesi milar to purific

deve

opments in smal./l desalination device of sea:

curlrenthot the mainstream of desalination facility
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e are two types of filtration used at puri fi
uses chemicals and the slow filtratiimmn that
ied water by Il etting the water go through t
ination of seawater, reverse osmosis (RO) me
evel opment of RO membramneé otheveoel cpadvadrounesis
ing technology to obtain drinking water is
rris crucsadle lwataadrdi ti @&t mdratr gl ants such
n.order to-scadlei dé stskeeni hat gen of HheeRG, ma
ding its |lifespan and reducing its cost are
i dual living spacegs, Therefpopeductdeorl bpmahto

n drinking water that considers purificatior

2 Purification technology of wastewater that
ent sewage treat memtl amemhbiorde ¢ hmphy aiseas!l /paleaem |
i ological met hod that wuses on wastewater in
ently thought about by the general publ i c,

opment ascf aseswci al infrastructure has been o©

urrent sewage treat meqidalie fmadinll iyt icesn.du@On etdheatot

masiclal e treatment include ther poampbheg. tostetaef u

ype that uses bactericidal coagulant to sol
i sposed of as a combustible waste. Moreover,
onmeant majsoralisssue to be examined in order

onment. As a part of the Environmental Techr
onment, the PR materials rel atuedlt ;artelaes I uma
to 2016 are &vaMhaphplefi hhebei humabsivasete tr
al areas use biological treat ment wi t h b ac
menti oned port anbelteh otdoialseitd.e Tihreo nmo ntlhye obtihoelro g
ment with drying and burning. Currently, bot
yster shells and toilet ®Phatnuseseblurnweags a
was discussing the necessity of hygienic to
ewly edeowndladped dsoliflet i #H. thel IGawvies®Not keiss f r DI
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of toilet developedlthi&otMghi hda &apper Folindemt Bon
Toil et expo. The overview these three types of to
Wa | | Street JWB.urhmd dceavetlhoepetdi Mmeechnolsepyarameglsoys
excrement into l'iquid and sol id, and removes t
decomposition with bacteria or burning. I n addi
I nternational Space Stati on ualisice,e mplxoeyss itth ewinmeht |
air or used waté &doavefferteoslpurmiphpires. i 18 L/ day
obtained.

Considering the water <circulation to be built b
watreomfexcrement will be useful, it wildl not be p
from it. Therefore, a <circulation that i ncludes

considering the treat ment Iloffo dtoanersad ct avialsd te waitlelr |
Moreover, the sewage/ wastewater treat ment built
perfectly remove chemicals from medicine and eve
agent s, aatnit b ipgtried s camdal gesi cs cannot be decomp
using bacteria, -reemsd stthaentd eébmagcetrerafa dermeg gi ng from

been pointed out. Therefore, p hwssii mgl banmrdi ailge mioxz
ultraviol et light i1irradiation, hydrogen peroxide
addition, it is necessary to simultaneously guarze

for the watbnotbggutatbeni hetalled on the PG.

1.3.3 Technology to produce hydrogen directly fr

river water and rain water

Toward the hydrogen society to come, Jalpiasnt sal so ¢
the fuel cel |l system as a replacement of existin
The PG proposed in this report also recognizes t
technology that | inke tfthuelerenmrgwl aitri ownl. atFioon fared
which is its fuel, is the urgent issue, and its e
Hydrogen Technologies and Utilization Projectodo o

repts researches on directly obtaining hydrogen
in recent years.

As Fil@wrda he result of searching with |Iimited key
However, it stikl ehowepbhas tbhecheambly increasir
result from 2021 shows the number of reports tha
though it is only the number until eMaydribbgeshdwm

seawater or wastewater can potentially become a ¢

<
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Hydrogen production from seawater and that from
using seawater, electrolysis tecémiotalgymetshaod eu mi
photocatalyst is the main method using wastewater
the problem arises from during electrolysis of we

the apecioes aivlmed ours types of seawater, and the p
the organic substances it contains. Note that th
been discovered. Thus, in order toecteradde ecdthal yPs
that also has long |ifespan and is | ow cost is es
20 45
(a) (b)
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Figure 10 Results of searching for academic papert
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Afseawater o AWat)dirl egltirtotliysg® 060, fAwastewatero fAspl.i

2The comprehensive vison in research and devel opn
2.1 Energy circulation

2. Usk of renewable energy, mainly solar power
Photovoltaic (PV) power generation P&, candi dser e
therefore discussed bel ow. For a detailed overvi
Report" of the Center for Research and Devel opme
Technol ogy Agency (JST).

According to @I©B4dPB waetghtadheawdrage cost of el e
USD/ kWh, while the weighted average cost of el ec
which is about 2.4 tiwmesohidghgr toh&dEDOhe Nobalkd:¢
t hceos't of PV power generation wild/l be 7 yen/ Wh o
roadmap (PV2030+), the goal is to reduce the cost
the cost by increasing the Hdefgerebadaei oh mbhehawstmn
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Si solar cells is being conducted. I n addition, |
high efficiency and high reliability. However, th
on ekhcy i mprovement rather than materi al develo
system cost.

2. Hyaddirogen production and storage technology
PG is required to produce hydrogen by electrolys

eney sources, and to store the hydrogen. Among wa
most established technology, and it has the advan
because it does not rRgluymer peleecobus!|l mee alwamat eel
high current density, but the cost is high due

devel opment of depreciated precious met al el ectr
coagt imat erials for the electrolyzer vessel are re
introduction to PG. Hi gh temperature steam el ect

various water electrol ysdrsatsiyesrn,e msutwihihgH odvu rt abmple
the materials because of the high temperature opeEe
Various forms of hydrogen storage have been stu
met hods are compressed hydfogenhwddobegquesi @adobayd
prone to evaporation than LNG, so it requires abc
hydrides, which are expected to be a form of tra
fixing amyldrsotgoerni ntyy converting aromatic compound
compounds such as methylcyclohexane through hydr
through dehydrogenation reactions wheni ciht airse us e
produced in the dehydrogenatibBingurracll ommhows na bdki
the gravimetric and volumetric hydrogen densiti
gravimetric and volumetiisc amydexacgdn edie n hiytdiremg,e na 1

its high toxicity ttb the human body is an issue
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FiguWei ght hydrogen density and volume?hydrogen

2.1.3 Increasing the power and durability of fue
Since the Great East Japan earttoH qpu akdd, s tadset creansturr aa
are highldyuedesnmnatudt abdededomnt ral i zed Tlhewaeno sg 0 €roanano
fuel apel lyeniesc tfrucellwiceghlrlat on exchange melmbatarnel yatse a
film. I n order to improve its chemical stability,
hydrogen peroxide is necessary, and for the impr.
the interior oftede Meddowmast decelrewatini on of bac
humi di fying operation, and tKinning of porous fil
2.1n&reasing the size, capacity, and | ongevity

I n organic el ecttrtnd ydegrsddataigen blaeah &viiers,of t he
and technology is being developed to suppress i
repeatedly during charging and dischargienrg, techn
degradation caused by thisolpirdacesbat Oaritdade, obdtieh
active material and the solid electrolyte are bei

theoretical aspects.

2. 1.5 nfFeTeandffbhe Separation of Power and El ectri
The high cost has been the di sadvantage-iaf sol ar
Tariff (FIT), the accumulated introduction of sol

Figubdbdows the transition in ®ccumulated introduct
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