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THE CREATION OF A CARBON CAPTURE SOCIAL SYSTEM
—Realization of a decarbonized society from the civil engineering infrastructure field—

ABSTRACT:

Tk RA*

Yasuhisa Saitou

We propose the creation of a carbon capture social system. The new material for CO, fixation will be made
by thermal compression molding of urban by-products and unused plant biomass. Using this, we will create
value-added products such as civil engineering materials with short product lives, as well as business and
consumer goods. After use, CO, and carbon will be continuously fixed by turning it into soil. In addition, we
will contribute to the realization of carbon neutrality in the waste and resource recycling field by developing a

carbon capture function at the final disposal site.
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Efforts in the discipline of soil science and plant nutrition for building a sustainable food production
system

ABSTRACT:

B OERF
KUSA KANAKO

Modern agriculture involves the heavy use of chemical fertilizers, which presents environmental problem due
to the runoff of excess fertilizer components from farmland. To address this issue, we have studied the
dynamics of nutrients such as nitrogen in agriculture from the viewpoint of material circulation. We found that
there is a need to reuse excess nitrogen discharged from the livestock industry, which relies on imported feed.
Rice production of rice for feed in paddy fields is a promising system for sustainable food production,
promoting the use of domestic feed and utilizing nutrients derived from livestock waste.

Keywords: agriculture, material cycling, soil science and plant nutrition, sustainability
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Resource Recovering Sewage Treatment System to Realize Zero-Energy and Carbon Neutralization

ABSTRACT:

F Ekx
Yu-You Li (Gyokuyu RI)

Conventional wastewater treatment plants (WWTPs), dominated by activated sludge processes, are under
increasing pressure because of their high energy demands and huge waste sludge production, which leads to
large greenhouse gases (GHGs) emissions. The electricity consumption of conventional WWTP is approximately
0.4-1.0 kWh/m3, and the GHGs emission factor is about 470 g-CO»/ m?. With increasing concerns over global
climate change and energy depletion, developing energy net-zero or net-positive wastewater treatment plants
(WWTPs) has been widely accepted all over the world. Here, a pilot-scale anaerobic membrane bioreactor
(AnMBR) integrated with a one-stage partial nitritation-anammox (PN/A) reactor was investigated for the
treatment of municipal wastewater (MW W) at seasonal temperatures of 15-25 C. The removal efficiencies of
COD and total nitrogen (TN) were always > 90% and > 75% respectively. The total energy demand and GHGs
of this newly developed system can be reduced by 67% and 57%, respectively. Further development is needed

to realize the carbon neutralization in WWTPs.

Keywords: sewage treatment, anaerobic digestion, bioenergy, membrane bioreactor, anammox, resource recovery
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Innovation of non-sustainable nitrogen cycle

& B

Satoshi Okabe
ABSTRACT:
The disruption of the biogeochemical nitrogen cycle has already exceeded the planetary boundary and is the most risky
and critical global environmental challenge. To solve this issue, it is essential to integrate our knowledges of
environmental engineering, electrochemistry, materials science, enzyme engineering, and biotechnology to develop
innovative bioelectrochemical nitrogen conversion processes (1) to synthesize ammonia (NHs) from wastewater and
nitrogen (N2) at room temperature, normal pressure, and neutral pH, (2) to regenerate NH3 from nitrite/nitrate using a
heme catalyst, and (3) to remove NH3 from wastewater by using a highly efficient and energy-saving anaerobic ammonia
oxidation (Anammaox)-based system. The energy source that drives these three bioelectrochemical processes is
"wastewater," which exists universally and must be treated. The three bioelectrochemical processes are selectively driven
by manipulating the redox potential using renewable energy of wastewater. By creating new bioelectrochemical nitrogen
conversion technologies that synthesize, regenerate, reuse, and remove NH3z with minimal energy consumption and CO»
emissions, the current unsustainable "super energy intensive non-circulating nitrogen flow" will be converted to a
"sustainable renewable nitrogen cycle.
Keywords: biogeochemical nitrogen cycle, bioelectrochemical N conversion processes, nitrogen fixation, heme
catalyst, anammox process.
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The molecular mechanisms of plant environmental stress response to air pollutants

ABSTRACT:

BEH St
Mitsuko Aono

Air pollution gases such as ozone cause various damages to plants, including visible damage to leaves and
inhibition of growth. To elucidate the molecular mechanisms of this damage is to understand the
environmental stress response mechanisms of plants, as well as provide important knowledge for imparting
stress tolerance to plants. Here, I describe the development of air pollution gas-tolerant plants by genetic
manipulation of reactive oxygen scavenging enzymes and the elucidation of the role of plant hormones in plant
air pollution gas tolerance, and I review the overall understanding of the environmental stress response
mechanisms of plants through molecular genetic studies using mutants.

Keywords: cell death, environmental stress, ozone, phytohormone, plant, reactive oxygen species
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A novel environmental industry based on microbial functions
— Bio-analytical chemistry for evaluation of environment —

ABSTRACT:

BRK Bx
Hiroshi AOKI

While green recovery in the post-coronavirus era is attracting attention, the spotlight is being shone on
environment-related industries that have been regarded to have little relevance to the economy. We have focused
on the functions of environmental microorganisms, and have been working on the development of technologies
for producing valuable materials from waste and highly efficient treatment technologies for environmentally
hazardous substances. Here, we introduce the latest information on next-generation sequencer analysis for
understanding the functions of environmental microorganisms, control technology for microbial treatment
equipment, and sensor technology for understanding environmental status.

Keywords: environmental microorganisms, sensor technology for environmental evaluation,
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Reconstruction from COVID-19 and the Role of Environmental Engineering
-Balancing Infectious Disease Countermeasures and Global Warming Countermeasures in Buildings-

ABSTRACT:

o B
Motoya Hayashi

The pandemic of COVID-19 claimed many lives and had a profound impact on society, economy and culture
in the world. During the last three years, the Japanese government implemented emergency measures while
scrutinizing limited information about this virus. From the beginning of the pandemic, ventilation measures
were shown to prevent aerosol transmission. However, ventilation measures affect energy consumption and
thermal environment, so balancing them has become an issue. The pandemic revealed a warning bell about the
importance of balancing building hygiene and measures to prevent global warming. Toward the post-corona
age, more interdisciplinary research and technological development has become necessary.

Keywords: COVID-19, aerosol infection, energy saving, building hygiene
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Materials informatics accelerates development of functional materials.

ABSTRACT:

i SEFE*
Miho Hatanaka

In recent years, the research field of “Materials Informatics™, in which machine learning is used for materials
development, has expanded greatly. Focusing on luminescence intensities of cyclometalated iridium (lI1)
complexes, this talk will describe the procedure of materials development using machine learning: data
collection, machine learning model construction, and extraction of physical meaning from the model. This
research approach can be applied to materials development in various fields, such as renewable energy
utilization and decarbonization, and is expected to contribute to accelerated development.

Keywords: Machine learning, Transition metal complexes
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Research on food waste and consumer behavior for a sustainable society

ABSTRACT:

FRNER*
Nonomura Maki

Household food waste has gained attention as a serious problem. In this report, based on a review of existing
studies, I present the types of consumer behavior that lead to household food waste by dividing it into six stages:
buying, storing, cooking, eating, managing and disposing. I also designed an online cooking intervention to
reduce household food waste, taking into account that it can reach people who are not very interested in reducing
food waste and that it can be widely implemented in the real world. The results are also reported.

Keywords: household food waste, consumer behavior, intervention
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Contribution of the refrigeration and air conditioning field to the realization of green recovery

ABSTRACT:

IR Foa*
Eiji Hihara

Refrigeration and air conditioning equipment consumes a large amount of energy in homes and buildings, and
the fluorocarbons used in this equipment have a large greenhouse effect. The contribution of refrigeration and
air conditioning engineering to realize green recovery will be explained. To meet the Kigali Amendment to the
Montreal Protocol concerning production and emission control of HFC refrigerants, a strong promotion of

conversion to low GWP refrigerants is necessary.

Keywords: Refrigeration and air conditioning equipment, Green house effect, Fluorocarbons,
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Role of Electrostatic Technology in Covid-19

ABSTRACT:

PNE as
Ohshima, Takayuki

In this study, a prototype water and electric device for the collection and disinfection of airborne bacteria was
developed to investigate the effectiveness of sterilization, electrostatic precipitation, and disinfection, and the
following experimental results were obtained. By trapping air directly in water, this experimental device
collected an average of about 90% of airborne bacteria. Combined with the electrostatic effect, an average of
about 95% of the suspended bacteria was recovered. By trapping air in an aqueous hypochlorite solution obtained
by electrolysis of physiological saline solution, the device sufficiently disinfected Staphylococcus epidermidis.
The combination of water and the collection effect of corona discharge captured about 99.9% of the airborne
bacteria and aerosols generated by the collection and disinfection. It was shown that even air sprayed with
approximately 10,000 dry Staphylococcus epidermidis per second was cleaner than our living space by passing
through this experimental device. From the above, it was shown that a device using only water, salt, and
electricity can collect a total of 99.9% of dry airborne bacteria, and at the same time, can disinfect the air.

Keywords: airborne bacteria, electrostatics,
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Direct CO2 Capture from Atmosphere by membranes
Development and Prospects for Ubiquitous CO2 Capture

BRI ekok
Shigenori FUJIKAWA

ABSTRACT:

Direct Air Capture (DAC) of carbon dioxide (COy) is a promising CO; negative emission technology to combat
climate change. Current sorbent-based DAC technologies are expensive and energy intensive. We have recently
developed defect-free, free-standing nanomembranes of rubber-like poly(dimethylsiloxane) (PDMS) that exhibit
high CO, permeance. The CO; permeance reached nearly 40,000 GPU, the highest reported, with reasonable
CO»/N; selectivity at a thickness of 34 nm. This membrane could separate CO» even from ultra-dilute CO, mixed
gas. These findings make membrane DAC feasible These results make membrane DAC feasible, which was

previously thought to be impossible. This approach will lead to ubiquitous CO, capture from air.

Keywords: Ubiquitous CO; capture, nanomembrane, Direct Air Capture, membrane-based DAC
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Realizing Research DX in Climate Change Area through Citizen Science and Deliberation

ABSTRACT:

BiGE T«
Kenshi Baba

As a mechanism for policymakers, stakeholders, and citizens to tackle climate change issues as their own
problem, Citizen Science (CS) can promote the understanding of data and analysis results based on various
events of climate change impacts collected by NGOs and citizens, in combination with off/online deliberations
with experts and policymakers. In this paper, we introduce the attempts of the authors in their research projects
of “C3S-Paas” to realize research DX through CS and online deliberation with the aim of "personalizing"

climate change issues.

Keywords: climate change adaptation, participatory monitoring, Civic Tech, stakeholder, environmental NGO

1. IZU®IC
2018 FITRMEE B IS E N T S d, EEO#

T BIBRTE N & ST D KU SIS
DREDESRSOH L OO, FHEIZGHIH S 7z FY

LRI 2 b ONRETH Y, [EBIHIL - 4y
B O FEM e TR B A FR SRR A SR ET D L9
R BT U ANR— ZBUR G (EBPM)IZ 1T - TV
ROCESM D). ZOBERITIE, I EBPM O
PLESR & & D, G0 5 O WEER A K
LD, BEHENS 52 bbb BURH
BENHDCEBRELDRVEOREND D L& %

D (5 2).

RAEEE OB 2 RIZ SR - T — 2 A - fif
Hro A7 A(DIAS), BRI - KUEEBEIGE#®R 77
v N7 4 —AA-PLAT)EIZ CA—F T —F & L
THREENTWD 2, BFEE LB Y E DY —X
L=—ADFX v v FNINVETLEREL, 26D F—
T T RERNRICEDIER SN, AT
— 7 RN =R LEENG O T 5001
WL RiAENRD. EEDIX, ZhETarar
T—0vayrRF T4 VRGE, EE U A
WEEFIE L% D), xR FIEICEID ZoF
Yo T EMHEL, $¥ 30T BT 0 U TIZEDY
FATELR, LT L HaRfERIE R8> Tn
RN ZAUTHE, BORHYERCA T — 7 RV —,

mRIZ THSE & LT M7= dod#iTn+
BTN ERNBEZLND. 2O, HY
MEBGMERG LT v 2%, HA%E, BUR
M FOLARAT — I RV E—, — R E & HITHEE
L, EBPM OB ZHfET Z ENHFEEEZ XN,
BISMOIEIZONTE, v F AP A U AR
—NCE X BID. [BEEEOSIRTIE, Sl
AWM DAL B3 AT OBLEE,  KIRSORERRIR IS D
Blg2, K- EWREORAERNOER, BIEHOB]

22 B U HEE EOR DX OWEENEZ S
N5, Zo77a—F1%, BERSE TRV

TMRIZE > THTON AR RINEE BRI, 5%
DOEMOBED 1 >& LT, BICEgES T ot
HYFRAY AT 4 A NERENT DU AT LD
HENZET ON TV D (IR 9). 6 6 WE
SEHAN - A N3 VEARFHE NN Th,
ZE DX BT 28 LM =2 =7 1 - BREED
BERL & WO LA G, AR B CIEEBLTX e
%< OV T NVOWESR, BHFEROFE L E4%<
DOHROBE % RiATe S F XY A = ZDOHZE S
0=l hOMH BT, EFEORBRFREDOR b
LTy TROERLE LT, ik EROSH 223
BRRHE R 2, o 7RV - A ) N—v 3 VEOR
Bk mtEA L LTEKT L ENRINTWNAD.
AT, KEEEREO TR ) #HiEL

*HRUER T RSP ER B2 5256, Faculty of Environmental Studies, Tokyo City University
##Z, Professor, i+ (#:£&T%:), Ph.D.(Policy and Planning Science)

(Ath) BRERFR,

—47-

The Society of Environmental Science, Japan



T, VFR YA R F T U BEERN LT,

7E DX # BBUL T2 EE L OME 7 n Y =7 v T
DRI HDNTIBIT 5.

2. C3S-PaaS 'u V=7 hO2KEE

B 11E, DT 2R DA 5 AR
RKETOFPETEML TWAMET0 =7 hO4
Mg aE R LD THS.

ZITHE, ¥£T, RELBEEL Hkts DR T
— I RNV =R ETHRERNBED X I I AL THDHD
n, A B 2 — P HESLEMMTHAEIC L > TH L
235, BRI, EERT — 257X A R~vA
=V BIOHER Y U7 I L o THERE
b« AL ENT-FERE AT — 7 RV X —2FR E
Lo THAETD. ZhIcky, UM TE D
A& BB ZFFOREEBEEDO T =4 Y
7R RRE, A LT,

INEEZT, AT =7 HmNE——fRITTRM
A RO TRV RBEL B EEZ, A~v—L
T RN AU DL EGRRONE T — X & T v TR

QLFA AT RACLARIEES
FEESDIFRINE

L3

i

B

- o e i s
o o s ki
s S —

W RO WS [T
S e

b

S ot i

e o o e

(B)A-PLAT- DIAS-RESASZE[Z &5
ﬁ—?y?—ﬁmﬁm

—RKLTv=7 GIS ETHETS. Dl &by
HIRER T, ZOFELLMNTLE LTI, HERIER
{EBAIETEBHERE B A2 12 U & 328855 NGO 23 Hifs
END. REMEICEOAD DT TR, £=24

U > TR BT D EN D Ok 2 7o 7 — X & HT
BALTNDr =A%, HMINTELBRGML,
B EFHET DI & TREEEE L WO RO
BRI RTINS D EEZ B,

BHE2A9E R & L ClE, A-PLAT <° DIAS, RESAS
ZIXUDKFEOA—T T — 2 RN ShooH 0,
BURYE DRI HF, AT — 7 R —0— i
Rb7 7 8 ARERRRIIC /2 > TS, Bk OB
HEFEMAMORE L IL, FlAIXREOEH(T—7 v
3y NZBNWT, ZOXI A —T T —F &G
ALY, BOWTEMEEMFELIED 52 L 248
ELTWD., ZhCky, HigttE oK EEE) 2
RFDIE ORI HOWTHRZ YD, [EEE %
AR E LTy U A28 L, BIEANS L
DEIRT I varzZREI LT MEERH DD
2, THAEE] L LTHREILTVnL.

@ @Y EvITvI DEMBAS

DA LA BEITL DR S

ARBEFL YOI ITIDERER
RFVATITDERK)

. i \ Ll
’ | s 5 @
- A
/

1051 (FATIEN 28 A BRI BIDT (%), e -

HFRDER D7 2E). FEROZTHRIRYS
HE:mAROER (V007 T EEMOE
ESNOT A DRE, FRY TOEEES

D@ 27— 7RI —mi A /7405 oo
TUWSIC L BIESREA c®%s ®

v Jf§z= e

£l B '.' ',”_‘__ @ i

i

fe v

' J.h.l\/.
o

- 4 OSBREHEETRTH
._ DT —HiEEE 3

C3S — Paas (Climate Change Citizen
Science Platform as a Service)

@— @ RERMAEIEN O WERIEHLE 0T OB
BEUBTIEFUAN—AMER LD EE - BERR SIS

) BT RL AT MRNEDIT S '
HE BR BRNE afdEROR F

¥

Q@I EYITIIDERIZAIF-FAESAoDEYEED

1 JSTRISTEX TBERD=HDOFE HETOCz Y b [YEVI TV I EBHRELEKEEEVRID
TERSEL] ITEIKA VA VEAERBRFEORRELBRER IO EA~ADERE] OME
H e JST-RISTEX 7 = 44 k https://www.jst.go.jp/ristex/stipolicy/project/project42.html & Y thZE

-48-



ZOBGEOYIX, EAKIIANAT Y v KAV T
AU+ FTTANTRESN, A T7A4 2 LD
7 v b7 %+ — A (C’S-PaaS (Climate Change Citizen
Science Platform as a Service)ZfE/H L T I 5.
ZIZTIE, BRO Y =7 GIS ICE M SN AEE
L BIARD O FREABE LN D, [URELHE)E
OfpRA DI RO DA 2R REBMRE T Ly ST
T (BEx IR A RCRIIESE L, 7T TS TR
L7-Hf oD%~ b U —27) & L Calfifbd D HEED
FIEIN TS, LR TREOSINE T, &
LTWLbFxF—U—FNhltzmmbTr Uy rd425E,
BT 2NEDOF Ly UNRFR S, 2MLTW5S
HHREZT TR, 77y b7+ =200 HEMM
NEEftE i, K ORMICBSME OGN 72
252 RSN S.

728, C3S-PaaS % Decidim & FEIENL D, Ao T4
YTERRRTROBRZEYD, HEmr®BoL, BUR
RO T T D REZ A3 2 2 IR+
#TIOT 2l NOIODF L TA Y —VEYEEL
TR I TWA. Decidim 1%, S/t TR
i, BUETIEHMRSH-IZIAAY, 180 LLEDOMAR,
P2 Fx—H—, 160 LT =7 BRI H BN
STWDEF—=F ) —=ADT T N7 —LThHbH.

o

AARTIE—FEEEN 2— R« 74—« Py
2% 2020 ENHENTEBALTERBY, W2220H
BIRCEAH SN TW5D. CS-PaaS 1L, IR,
ZNNECHAE, RITHICERLTWHEZATHD.

3. AT —7 RNF—OFERLORHHL
LLFTCIL, C38S-PaaS ® 1| DDEHFE LD, AT
— 7 RNV E — DOKUEZE BBk 2 5 0F) B
DE, WEIRIZB T2V —7 v a vy T OmEsT —
ZDFHNG, T=F U U T O7eN HiE#RE
i LR o —# 251,

B2 12T koI, FERFEEEBZOND, I
AL D  — RS 5 DLl EDO IR & 72 BAL 5
DY T 7 Z7 7(SGC)YDNFIZLLTD LBV iFIRTX 5.

-
—

ﬂ/ Y
oA

SGI 1%, TEEEWI, 4%, T2k, 7=,
KRS, M), &) Rl —U— Kbt
i, TEEBEME BRAERER~DRE| 1215

FEEE

MEEBZOND. EEIMIE, AFICRBLEIEBO
AKIEEZ Z VKR IRET 22 BIEERD, 1979 4
FECBBINBMB SN THHHHT 2018 EEND
2019 AEFEIZ/ T TR S T, IEORmRHE{LIC
K DERBR~OEENRZIN TS,

SG2 1%, THmEy, M#FE, v, T4 ],
Subgraph:
ot []10
[Ho2 []11
o3 []12
[Mo4 []13
[Jos []14
[HJos [115
[Joz [116
[Jos [117
109

Frequency:

=R

<

i

L

(O OO0

M2 ZERIZBTART—IRILE—DRUEZEBFEICKT HRMOAFRLIFELLIKERY FT—0T57

-49-

HE - KA, FE & BER Bi5©



[kfR), Taven V) RErofkahn, IHR
e LERTE, KRR ST AREEE VWX D, AR
T, BICEENMTDOTO WO B E
Y, FHEEICONTOERNEL AbNT.
SG3 1%, T, 5, B2, Mam), TRk,
MEZE), TWI, TRk, TRE 2EDF—U—
Rt s, TREMES oMmimic X5 KEL
F OB EME~DEE) [T TLFEE VR D.
RRFIZONTIE, D EXITMImTHDZ LD,
ZORBE L THRETOMKXIEREBET D LEN
boHZERENERSh TV

4. BENGO LDV F AP A= ADHHEM
PUFCIX, #IHIBEREIZ I T C3S-PaaS D 7241
WFEERVES, REOREE NGO x5 L Li-E
MEHEORER NS, [UEEBEZEM & Loy FX
VA T ADFREMEICOWTE bR A R T
B, TRETIMENPOTTF A YA TR
DSNREER %2 FFORIUKIX 173%TH Y, —ERDOH
RSO ZF > T\ 5D. £z, 5%OBM
BIZHOWTY, Eol BEMEFE2WEIRZ
13.1%I12 & E £V, %< OHERMI S NOSINE T
ZREo TS, RIS TH DA, FfELCTEmLT
ATy T DAL 13.1%Th Y, K
RIRT U N Lo TWDIEMINNZD.
5210, BESCBIN AR F A A =R
D EFORRE LCE, Fir2BEy OB Rb
5 HDNRE. BINOEEIC OV T, HuliiS~
DO ENOEERR L, PREIE T T 23580, F 7o,
HZE S BINT 5 B@E OGN B O 1 > L 72 % FhE
PE SRR ATV 5 (1% 3-4).

0% 20% 40% 60% 80%

st [ 5o
saoz [ 2
SERL T -CN PR

BEGAYMER S MOHE
BEGEYE RS MOHE

E31, TNETOIF R YA ZDOBNFE
BROVPEER & LT, BB ZERIZL T L HEZET
1372 <, HUARRILD & - T iR B 4y IR,
HFRHEHENEZE CTH Y, £ LTI ORNMRERN
SBOBNMERERET HRERERE 2> TND.

5. BbYic

PLEDOFEF LV, C3S-PaaS #i#EM LT\ < ET,
VFRPA T ADT=L Y TR, RN
B, 77 v b7 4+ —LDMESTBERIE & O
BERO) 72 EARIBR SN TWD . A%k, EE,
BINBTORATE R TR, >y 77y 7R
HE 2 10T 26 H L TITBU— B A OECHE R
AR HHD fA) & LTl O & ER TR E
T& L FEFEZHRFT LT

BE IR

D) 3B, /R, TR, 5115, KPE50%, B BB,
SRR, ER R #05 BB RO [ BEE B S E R )
DRI A OIE BT 20471, TARZESMIUE G (3R
B%), 76(5), 1_233-1_242, 2020.

2) B BEBN T T —F L AT — I R 2 —0 4,
B, IR, RS RS BEREZ D DK -
TRLF— - R 7 YR — R - BT S0 —F I
W T —, I REHFAL, 13-20, 2018.

3) B IGEE], MEEAZ, AR, B I B RE Bk
BRI ARBELTEZ AD L Ltk T U A ARGk
U AR TIEOBRGE & -, RERFAEE, 34(2), 94-
107, 2021.

4) A2 RS VF XA = RS AT A
T AOREEA AR LT, 2020.

S)YNB: 55 6 IR R « 4 /=3 3 ARG, 2021.

6) AFFIETE, WWEEZR, & E, A R, BIGHETE]: 17BUC &
DB ERAE Y R EESEEOERTIEOR
it & BB R T O ER, BREERITAES, 354), 213-226, 2022.

0% 20% 40%

siamicrrnE0oRs |GG 2%

bt et | 75%
sxELoHEF0ESR [ 22

tesmEkeosRze T 22

F4 o4 3 o
grreogRxn [ 33 gapinons [INININGNG 2%
FaicgomEoEs 1IN 2 pReRESRIOHE | s
= s e . 4 B NGO ITLZSMOREARRELRSFAHSL I
E]3 iﬁiﬁIQG()(-J:%>>/§Cl_sz4'32_15(0)%33D§ﬂ#§ J(ODﬁii?*biﬁéﬁttﬁid)J+)

-50-



P-07 J)—2A4/R—=3VDERINTFYIR

A paradox problem behind green innovations

LI >R B i+
Eiji Yamasue

ABSTRACT:

Green innovation is a promising approach to addressing environmental issues such as global warming. However,
excessive resource use may be induced behind green innovation, which was defined as the "resource paradox
problem" by the authors. People have gradually faced with the imminent risk associated with the resource paradox
problem, but without sufficiently quantifying it. This presentation introduced quantitative examples of resource
paradox problems potentially seen at the national, product, and material levels. Then, importance in the
categorization of resource consumption patterns and development of corresponding strategies were highlighted for
some green innovations that cause the resource paradox problem. Finally, the effects of the introduction of
renewable energy and the usage patterns of products were discussed in the context of the resource paradox problem.

Keywords: Resource Paradox Problem, Green Innovation, Total Material Requirement
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ABSTRACT:

Incorporating amines, derivative ammonia, into cement-based materials constitutes a fundamental strategy for
mitigating CO». This study examined four amines (AEEA, MAE, MDEA, and HEP) from different amine
groups: primary, secondary hindered, tertiary, and diamine. The study investigated the effects of these amines
on CaCOj precipitation, pH, and the type of CaCO3 polymorph during carbonation in different Ca-rich solutions
(Ca(OH), calcium silicate hydrated (C-S-H), and hydrated cement). The findings revealed that MAE produced
the highest CaCOj3 precipitation in all three Ca-rich solutions. Furthermore, adding amines influenced the type

of CaCOs3 polymorph and pH of the solution.

Keywords: Amine, CO; capture, cement-based materials, CaCOj3 polymorph

1. INTRODUCTION

Excessive carbon dioxide emissions are widely
considered the primary cause of global warming and
climate change, which has gained immense attention
recently. The construction sector is a major contributor,
responsible for around 39% of CO; emissions, with cement
production alone accounting for 8%. Two approaches are
currently being practised in the construction sector to
address this issue. The first involves absorbing CO, by
making use of concrete carbonation or mineralisation,
while the second approach aims to reduce CO> emissions
by substituting traditional Portland cement with new
cementitious materials. Additionally, research has shown
that cementitious materials and industrial waste products
such as slag and fly ash have a remarkable capacity to
sequester carbon dioxide through mineralisation by
forming calcium carbonate.

However, mineralisation alone is not sufficient to
capture more CO;. Therefore some other technology
should be adopted with mineralisation in the cement-based
materials to enhance the CO; capture. There are several
techniques to capture CO,; among them, amine-based CO»
capture by absorption technique is the most mature and

efficient technique [1]. Amine is derived from ammonia,

where substituents, such as alkyl or aryl groups, have
replaced one or more hydrogen atoms. There are three
types of amines such as primary, secondary, and tertiary,
categorised by how many carbon atoms are attached to the
nitrogen atom [2]. Moreover, amines can be divided into
hindered amines and unhindered amines. Hindered amine
concept is based on the reaction rates of the acid gases with
different amine molecules [3]. Sterically hindered amines
are compounds in which the nitrogen atom of the amine
molecule is partially shielded by neighbouring groups so
that larger molecules cannot easily approach and react with
the nitrogen. In addition, this study considered diamine,
which is an amine with exactly two amino groups. Amines
form carbamate or bicarbonates depending on the amine
type. In this study, researchers are focusing attention on the
formation of bicarbonates as it will give benefits to the
cement properties.

Despite several studies on incorporating amine for CO»
capture in alkaline wastes, such as fly ash, no research has
been conducted on incorporating amine with fresh cement-
based materials for use as a green building material. The
capture of CO; using cement-based materials has the
potential to capture a significant amount of CO, through

the construction of concrete buildings. However, before
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amines can be directly used with cement paste, mortar, and
concrete, it is essential to investigate the reaction
mechanism of amine with CO; and the main Ca-bearing
hydrated phases, such as portlandite (Ca(OH),) and
calcium silicate hydrated (C-S-H). Therefore, this study
aims to identify how hydrated phases react with CO> in the
presence of amine, what the resulting carbonated products
are, and which amine is suitable for capturing more CO».
This study investigates the effect of different amines on
CO; capture and explores their performance in Ca-bearing
phases. In this study,
(AEEA) from primary and
(methylamino)ethanol (MAE) from secondary hindered

2-(2-aminoethylamino)ethanol

secondary amine, 2-

amine, 1-(2-hydroxyethyl)piperazine (HEP) from diamine
and  N-methyldiethanolamine (MDEA) from tertiary
amine were selected to compare their ability to capture the
CO; in Ca-rich media such as Ca(OH),, C-S-H and
hydrated cement powder. Optimum process parameters
such as water/powder ratio, carbonation time and amine
concentration were selected after conducting the
parametric study. The performance of precipitation of
CaCO;3, pH and the formation of polymorphs of CaCO;
were systematically studied.

The novelty of this research is that it is the first time
introducing a revolutionary method for enhancing CO;
mineralisation in cement-based materials by selecting an
appropriate amine without significantly affecting cement
chemistry. Upon selecting an appropriate amine, the
corresponding amine will undergo testing with cement
paste, mortar, and concrete to conduct further
investigations for potential real-world applications. This
unprecedented research paves the way for the successful
fixation of CO; from the atmosphere in cement-based
materials and lays a strong foundation for industrial

implementation.

2. REACTION MECHANISM

The chemical structure of selected amines for this study
is shown in Fig.1. Primary and secondary amines are
carbamate-formation amines. AEEA is subjected to
carbamate formation reactions as it contains both primary

and secondary amine groups [1]. A set of chemical
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Fig.1 Chemical structure of selected amines

reactions for AEEA can be written as follows [1].

Formation of carbamate. (CO, absorption)
For primary amine in AEEA;
CO, + 2RNH, = RNHf + RNHCOO~ 1)
For secondary amine in AEEA;
CO, + 2R R,NH = R,R,NHS + R{R,NCOO~ (2)
Hydration. (This reaction occurs only at high pressure)

For primary amine in AEEA;

RNHCOO™ + H,0 = RNH, + HCO3 3)

For secondary amine in AEEA;

RiR,NCOO™ + H,0 = R{R,NH + HCO3 @)
Mineralisation

Ca** +C0% = CaC05 ! %)
Dissociation of the protonated AEEA. (Amine
regeneration)

RNH} /R,R,NHF = RNH,/R,R,NH+H* ©6)

Where R,R,and R, are used for

OHCHchzNHCHchZ_, OHCHchZ_, and -
CH,CH,NH,, respectively.

MAE forms bicarbonate during CO; absorption as the
carbamate ion is unstable for sterically hindered amines.

Chemical reactions for MAE can be written as follows:

CO, absorption

MAE + COyy + H,0 = MAEH* + HCO3 @)
Mineralisation
Ca?* +C0% = CaC05 | ®)



Amine regeneration
MAEH* = MAE + H* )
MDEA forms bicarbonate during CO, absorption.
Tertiary amine could not form carbamate as there is no
hydrogen atom bonded to the nitrogen atom of the amino
group. The reaction between CO- and the tertiary amine

proceeds, as shown below.

CO, absorption
MDEA + COy(y + H,0 = MDEAH* + HCO3  (10)

Mineralisation

Ca** + C0%™ = CaC0; 1 1D
Amine regeneration
MDEAH* = MDEA + H* (12)

HEP contains two amine compounds; one is secondary,
and the other is tertiary. The secondary amine will be
involved in carbamate formation, and the tertiary amine
will be involved in bicarbonate formation, as mentioned
for MDEA.

3. EXPERIMENTAL PROCEDURE

Four amines (AEEA, MAE, MDEA and HEP) were
selected, and the CO» capturing capacity of each amine
was tested with different Ca-rich materials such as
Ca(OH),, C-S-H and hydrated cement powder. C-S-H was
synthesised, and hydrated cement powder was obtained by
grinding hardened cement paste. Firstly, a Ca-rich solution
was prepared by mixing selected amine, water and
different Ca-rich materials. The dosage of Ca-rich material
was defined as (10 mL/g) 1.0 g of Ca-rich material was
added with 10 mL of amine aqueous (aminet+water)
solution. The different amine concentration was selected to
study the effect of amine percentage on carbonation. The
amine percentages of 0%, 5%, 10% and 20% of the total
volume of aqueous amine solution were selected. The
volume of the aqueous amine solution was 300 mL. The
solid particles were well mixed with the aqueous amine
solution by a stirrer. The resulting Ca-rich solution was
subjected to carbonation in the environment where the

relative humidity and temperature were 60 + 10% and 20
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+ 2°C, respectively. CO; was applied with a concentration
of 5 vol% and a flow rate of 2 L/min for a specific time.
Carbonation time was selected after conducting the
sensitive study by changing the carbonation time to
observe the apparent result of carbonation.

After carbonation, the solid and liquid phases were
separated using a suction filter. The liquid phase was
subjected to pH analysis, and the powdered solid phase
was subjected to several analyses, such as XRD, TGA and

SEM, to identify and quantify the solid phase composition.

4. RESULTS AND DISCUSSION

The parametric study confirmed that 10% amine gives
the optimum CO, capture for all selected amines.
Therefore 10% amine was adopted to evaluate the
performance of each amine on CO; capture in Ca(OH),
solution to select the suitable amine to use together with
cement-based materials. Fig.2 depicts a comparative
analysis of the weight percentage of CaCOs obtained from
(TGA) the

carbonated samples of different Ca-rich materials in the

thermogravimetric analysis results in
presence of a different type of amines. Fig.2 shows that
MDEA and MAE form more calcite while AEEA and HEP
form less calcite compared to the control sample in
Ca(OH); solution. Therefore, AEEA and HEP were not
selected for the remaining experiment with C-S-H and
hydrated cement powder due to their low ability to form

calcite; instead, they form carbamate.

m Without amine wMDEA wMAE w=AEEA w=HEP

Ca(OH)2 C-S-H Hydrated cement
powder

60

50
40
30
20

CaCO; (weight %)

Ca-rich material
Fig.2 Effect of amine type on the CO> mineralisation in

Ca-rich materials



Notably, it is discernible that among all the amines
tested, MAE elicits the highest degree of CaCOs3
precipitate, as reflected in the figures of 53%, 36%, and
32% for Ca(OH),, C-S-H, and hydrated cement powder,
respectively. This superiority can be attributed to several
factors, chief among which is its relatively higher reaction
rate compared to other amines. Furthermore,
stoichiometric considerations suggest that the conversion
of carbamate to bicarbonate is favoured in the case of MAE,
thus leading to an improved rate of CO; absorption.
Moreover, MDEA gives more CaCOs than the control
samples (without any amine) in all three Ca-rich materials,
albeit lower than the yield obtained with MAE, as shown
in Fig.2. The underlying reason for this phenomenon can
be attributed to the fact that MDEA serves as a sink for
protons produced by the slow CO; hydrolysis process.
Even though HEP has the tertiary amine, it did not form
more bicarbonate than the control sample as its secondary
amine reacts faster than the tertiary amine and forms a
carbamate.

Fig.3a shows the XRD pattern of hydrated cement
powder after carbonation, and it can be seen that adding
amine forms aragonite (peak marked within the red colour
box). This is confirmed by SEM images shown in Fig.3Db.
Arogonite (needles shape), and calcite (cubic, Rhombic,
and polygonal plate-like crystal) is observed when the
amine is introduced. In contrast, pure calcite is formed if
there is an absence of amine. In addition, a solution's pH

was reduced by adding amine and higher carbonation.

5. CONCLUSIONS
1. The amount of calcite was augmented by MAE and
MDEA, MAE having a more pronounced effect on
CO; capture in cement-based materials.
2. The addition of amine leads to the formation of
aragonite together with calcite and to the reduction in
the pH of the solution.

-57-

—Without amine
MDEA
—MAE

Intensity (a.u)

5 15 25 35 45 55 65
20()

(b) Without amine

| Calcite & Aragonite L‘;l
B — - !

g

o -Portlandite e -Calcite ¢ -Aragonite

Fig.3 Effect of amine type on the formation of polymorphs
of CaCOj in hydrated cement powder (a) XRD result (b)
SEM images and pH
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Visions and Actions of Air-Conditioning and Sanitary Engineering Toward Carbon Neutral Society

ABSTRACT:

hE EXR*
Junta NAKANO

This paper introduced the visions and actions of the air conditioning and sanitary engineering field toward carbon
neutral society. In buildings manufactured as a single product, many related technologies, design, operational, and
evaluation methods exist in the operational stage alone. The Carbon Neutral Committee of SHASE organized 177
related keywords into three pillars. As an academic society, SHASE needs to lead the role of collecting missing data,
establishing standards, organizing information, and promoting them in a format that can be easily used in society.

Keywords: Air conditioning, Sanitary engineering, LCCO,, Operational carbon,
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