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Abstract

Risk and exposure assessment for subsurface environment is very important for both aspects of health protection from
hazardous chemicals and decision making of remedial goal for corrective actions. In this paper, methodologies of risk assessment
developed for soil and groundwater contamination are described. Original exposure models have been introduced by conducting
the case studies of exposure assessment for heavy metals, organic compounds, and dioxin compounds. The structure of exposure
models and available data for model calculation are discussed to make more realistic exposure scenarios clear and to apply them to
practical environmental problems.

We have developed a GIS-based Geo-environment Informatics System for risk management of soil contamination. This

system contains a lot of geological and environmental data for soil, sediments, rocks and groundwater. The role of this kind

geo-environmental research is also discussed in the aspects of risk management and medical geology.
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Fig.5 Methodology of exposure and risk assessment
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(a)Exposure route of heavy metals

Fig.6 Exposure pathways of heavy metals in soil
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Fig.10 Distribution of leaching content of As in soils at

Miyagi area, Geo-informatics system
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Nickel Recycling System and its Lifecycle Environmental Assessment
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Abstract

The authors conducted lifecycle greenhouse gas (GHG) emission analysis for Ni recovery from

plating liquor and secondary batteries. Those recycling shows GHG emission reduction compared with

non-recycling case. Recycling is expected to reduce natural resources usage and environmental impacts

including land usage. For decisions support for companies or governments to apply recycling technologies

or policies, lifecycle evaluation of them is indispensable. However, lack of to necessary data and immature

methodologies for the assessment were found by this study. It is required to establish the implementing

environment of the method.

Key words: LCA, Nickel, Recycling, Battery, Plating Liquid, Carbon Dioxide
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Table1 Inventory data for treatment of mixed plating liquor

[ unit [ mixed treatment
input
plating liquor kg 1.000
flocculant kg 0.0000015
magnesium hydroxide* kg 0.00053
sodium hypochlorite kg 0.00043
sodium hydroxide* kg 0.0017
sodium bisulphite* kg 0.00036
sodium hydrosulphide* kg 0.00031
sodium sulphide® kg 0.00020
sulphuric acid* kg 0.00115
electricity kWh 0.00183
gasoline | 0.0000027
city gas m? 0.000001
output
Ni sludge kg 0.0041
(moisture content) % (60)
(Ni content) kg (0.00013)

* all chemicals are translated as 100% purity
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Table2 Inventory data for treatment of Ni-plating liquor

" Sulphura- neutralization &
uni
tion precipitation
input
Ni plating liquor kg 1.000 1.000
sodium hydroxide * kg 0.00041 0.00055
sodium hydrosulphide * kg 0.0057 -
sulphuric acid* kg - 0.0000064
electricity kWh 0.00075 0.00094
output
Ni sludge kg 0.0375 0.00142
(moisture content) % (60) (75)
(Ni content) kg (0.006) (0.00023)

*all chemicals are translated as 100% purity

Table3 Inventory data for Ni recovery from plating sludge

Ni plating sludge mixed plating sludge
Sulphur- neutraliz mixed process~
unit ation ~ ation~ cupper refinery
wet wet wt. price
process Process | aliocation | allocation
input
Ni sludge kg 6.25 6.31 - -
(Ni content) | kg (1.00) (1.00) - -
mixed sludge kg - - 12.0 12.0
(Ni content) | kg - - (1.00) (1.00)
chlorine kg 1.16
silica kg 0.29 0.38
oxygen kg 0.34 0.43
electricity kWh 5.03 2.18 0.34 0.44
steam coal kg 0.11 0.15
heavy oil -C | 0.0023 0.0030
LPG kg 5.1 5.1
output
nickel sulphate kg 2.64 - 2.64 2.64
(Ni content) kg (1.00) - (1.00) (1.00)
electrolytic Ni kg - 1.00 - -
(Ni content) kg - (1.00) - -
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Bl DB L 70 508

used Ni-Cd / Ni-H Batteries

| disassembling/separation |

Fe-Ni scrap

Fe scrap Niscrap Hydrogen Storage
Alloy (HSA) scrap

Fig.1 Metals recovery from used batteries (portable)
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Table4 Inventory data for Ni recovery from used batteries

(portable)
. used
unit ussdﬁNl—Cd Ni-H remarks
atery battery
input
used Ni-Cd batteries kg 247 - Ni-Cd
(Ni content) kg (1.00) - Ni  18%,
used Ni-H batteries kg 2.57 Fe 33%,
(Ni content) kg (1.00) | Cd15%
Ni scrap kg 0.56 Ni-H
Fe scrap kg 0.33 Ni 39%,
Fe 19%
electricity kWh 1.97 2.27
output
Fe-Ni alloy kg 1.82 1.82
(Ni content) kg (1.00) (1.00)

3.2.2 FEMFEHRM= v 7L/KFEM
BRABHLILDE LERED= v 7 A kKE
RFHEME S AT AL LTHA LT b0 TH D,
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used Ni-H batteries (car use)
|

| disassembling/separation |

| plate (+) || plate (-) | Fe scrap, others
I I

| roast | | vacuum burning |
I
| magnetic separation | | crushing |
I
| acid dissolution | | magnetic separation |
I
| solvent extraction | | vacuum dissolution |
I !
| Co dissolution | HSA

| electro winning | Fe, non-Fe, plastic materials are collected
I at di

electrolytic nickel

19/separation/magnetic

separation processes

Fig.2 Metals recovery from used Ni-H batteries (car use)
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Table5 Inventory data for metals recovery from used Ni-H
batteries (car use)

it | S| pate(ey_| patety’ |
input
used Ni-H battery kg 1.000 1.000
sulphuric acid (100%) kg 0.058 0.058
hydrochloric acid (100%) kg 0.041 0.041
organic solvent kg 0.058 0.058
electricity kWh 0.0017 0.338 1.13 1.47
heavy oil -C | 0.0051 0.0051
(disassembling time) h (0.0004)
output
electrolytic Ni kg 0.132 0.132
H absorption alloy kg 0.203 0.203
Electrolytic Co kg 0.012 0.012
Ni scrap kg 0.015 0.015
Fe scrap kg 0.072 0.042 0.040 0.154
Cu scrap kg 0.0072 0.0072
Al scrap kg 0.034 0.034
plastics scrap kg 0.105 0.105
chlorine kg 0.039 0.039

4 YHALHOLBR

—fRiZ, VYA 7 ARIE, Fig. 3o Loz, VA
INVLIEEE (VYA 2NV AT L) VYA 70 L7
WA ek AT L) EOETHMTE 5, ZO%HA.
=y TN TIE, HReE RIEICT 2 720ICiEky A
T AT = FVEAERICHYS T 5 = v VB A
TPICBET 270 AR MM ERH DL, bHAA,
PR AT L T=y T VPN ORE RS 2 56121E, Y
PA TN AT AL EERSEOE T v 222
HUEND D,

[recycling system]

Ni recovery

used articles recycled Ni

[non-recycling system]

usedartidles | __disposal _|
r—————j product
natural resources process (recycled Ni eq.)

Fig.3 Concept of recycling effect
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Table6 Scenarios to evaluate recycling effect of Ni recovery

recycling system non-recycling system note

plating sludge

« Ni sludge - treatment - landfill
- Ni matte - hydrometallurgy - Ni
sulphate

- mixed sludge - Cu refinery -
crystallisation - Ni sulphate

mixed sludge

K=w & LRI LEEEIZY A 7 VRN K
ENWZERTHRIND, BB, ATy IUNbD=y L
BRI Y YA 7 LV THIS THT RN D 720,
R Ty VOWEE B LIZH, T OFBIID T/hS U,

| Ni recycling process | | non-recycling process |

Ni ore / matte

hydrometallurgy

(MCLE method)

Ni sludge

Ni sludge
truck(4t)

transportation
300 km

hydrometallurgy transportation
(MCLE method)

landfill
electrolys

electrolytic Ni waste
Fig.5 Nirecovery from Ni-plating sludge (neutralisation)

) electrolysis

electrolytic Ni

- Ni sludge - treatment - landfill
- Ni ore/matte - hydrometallurgy -
electrolysis - electrolytic Ni

- Ni sludge - hydrometallurgy - neutralisation

electrolysis - electrolytic Ni

+ Ni sludge - hydrometallurgy- Ni | - Ni sludge - treatment - landfill
sulphate + Ni matte - hydrometallurgy- Ni
sulphate

sulphuration

catalysts

+ used catalyst - roasting -
hydrometallurgy - electrolysis -
electrolytic Ni

+ Ni ore/matte - hydrometallurgy -
electrolysis - electrolytic Ni

| Ni recycling process | | non-recycling process |

Ni ore / matte
/ Ni inclusions

Ni sludge

Ni sludge

transportation

ruck(4t) 300 km

used batteries

+ used battery (portable) - vacuum | - used battery (portable) - vacuum | Ni-Cd
burning - crushing & magnetic burning - dissolution - Fe-Ni| batteries,

separation - scraps (Ni, Fe, etc.) alloy Ni-H batteries
+ Fe-Ni alloy production (- HSA production) (portable)
+ used battery (car) - disassembling| - electrolytic Ni production Ni-H  battery

- plate(+) (crushing & hydro-| - HSA production
metallurgy) - electrolytic Ni /

system (car, etc.)
no-existing

- plate(-) (vacuum burning - recycling
crushing & separation) - HSA system

4.1 HoXT AT UM HD= LY
BEDSEXAT Y = doE A7 vy (P
B, BIO= v LHoXx 25 v (bE) 0=z
T ABEREFig A~BITR L, ZNHHSX AT v VNG
D=y T /VEIRO Y YA 7 VR EF L TFig TIZR
T BRADSE AT v VIZOoNTE, i, HEE~DRL
EERER S E LI O L MikEE I Lz b D E R L
7o HHFIZEWT, U A 72 ABRO~ A F AL RL
R YR B A BT D,

| Ni recycling process | | non-recycling process |

hydrometallurgy

hydrometallurgy transportation solvent extraction
(solvent extraction truck(2t) - crystallisation
- crystallisation) landfill [P0 km

Ni sulphate waste Ni sulphate

Fig.6 Ni recovery from Ni-plating sludge (sulphuration)
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g‘égkk(x) transportation
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Fig.4 Ni Recovery from mixed plating sludge
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Fig.7 Recycling effect of Ni recovery from Ni-plating sludge
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| Ni recycling process | | non-recycling process |
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NWKFBEMIZONWTY A 7 VR EREH LR A
Table 8IZ/RT, DTNV A I VRPN BDHND
N, REBRHFRIIHFONRNEE XTI,

Table8 Recycling effect of Ni-recovery from used Ni-H batteries

(portable)
Ni recycling system (A) ling system (B)
crushing/ o | subtotal B recycling
vacuum |Magnetic [ mixe (price | vacuum [ M HSA effect
scrap scrap subtotal
burning > |atiocation)| burning (A-B)
/HSM
inputs battery | mixed scrap|Fe,Ni scrap battery | mixed scrap)
amount kg| 26E+00| 1.5E+00( 8.6E-01 2.6E+00| 1.5E+00)
Nicontent | kg 1.00 1.00 0.55 1.00 1.00
products mixed scrap| Ni scrap | Fe-Ni alloy] mixed scrap| Fe-Ni alloy| HSA
amount kg| 1.5E+00| 8.6E-01[ 1.3E+00] 1.5E+00] 1.3E+00| 7.1E-01
HSA
71E-01
Ni content | kg 1.00 1.00 1.00 1.00 1.00 0.45
kg| OBE-02| T1E-01| 43E-02| 2BE07 27E+00| 28E700| 258
oil kg 21E-02[ 25E-02[ 9.7E-03| 6.6E-02 2.1E-02| 1.7E-02| 8.2E-01[ 8.6E-01 -0.80
natural gas | kg 6.0E-02 7.0E-02[ 27E-02| 1.6E-01 7.5E-01 8.5E-01 -0.70
Niore kg| 0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00 6.7E-01] 6.7E-01 -0.67
CO, kg 4.8E-01| 5.6E-01| 8.9E+00| 1.0E+01 2 1.0E+01| 1.1E+01 -1.21
NOx kg 25E-04| 29E-04| 3.3E-02| 34E-02| 2.5E-04] - 3.4E-02| 3.4E-02 0.00
SOx kg B8.4E-05| 9.8E-05] 6.2E-01] 6.2E-01 8.4E-05 = 3.8E-01] 3.8E-01 0.23
Fe scrap additional
remarks input of
(coproduct) "
Fe.Ni |governing

I_'_l

| | vacuum dissolution |

HSA

disassembling/separation |

vacuum burning

vacuum burning

Fe-Niscrap  Cd deposits (Ni-Cd battery)

dissolution

Ee-Ni alloy

Fe-Ni Cd deposits (Ni-Cd battery
magnetic separation
Ni-H battery

_______ 5

mass allocation between

d de its, Fe and Ni
Cd deposits, Fe d mass allocation between

Cd deposits, Fe and Ni

Niscrap  Fescrap ~ HSAscrap

| dissolution | | vacuum dissolution |

T
Fe-Ni alloy HSA

Fig.8 Metals Recovery from used batteries (potable)

U A 7 A RiETableTiZRT L2 YA 7 L%
RITRO bNARVR, TRk = B SO
=g (fikgit) &L CEHBiL7=2729Th 5, Al
BEOTRIZFRICTH L0, A7 7 v 7T HERMRL Tik=
I NAEE LTAT VL AERNCT 5, = 7L
LA Ty AT BN EVIENTHY, kLD
FART 2 O THEEIRT 5 Z LT TE R0,

Table7 Recycling effect of metals recovery from used batteries
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[ e ] T

Used Ni-H batten Ni ore / matte ic Ni
| o | [vecoam st |
H jon allo
plate(+) Fe scrap, etc.
[ roast ] [ vacuum burning ] electrolytic Ni
[
sy | p—
l acid dissolution ] l magneﬂcseparaﬂonl
I I
l solvent extraction ] l vacuum dissolution

I

s

electro winning

Electrolytic Ni

Fe, non-Fe, plastics are recovered at
the disassembling/separation process

(portable) Fig.9 Metals Recovery from used Ni-H batteries (large)
Ni recycling system (A] ling system (B
crushing/ i
subtotal recycling : :
vacuum |magnetic [ mived | SRS mived | oot Table9 Recycling effect of metals recovery from used Ni-H
sorap | ocation) | burnin scrap subtotal (A-8) .
burning. {16 allocal 9 |dissoluti batteries (car use)
inputs battery _|mixed scrap|Fe Ni scrap) battery _|mixed scrap]
amount kg| 29E+00| 2.1E+00| 1.2E+00] 2.9E+00| 2.1E+00| Ni recycling system (A) i tem gl
Ni content | kg 1.00 1.00 053 1.00 1.00 disassemb-| recovery | recovery | g, biotar [F1e NI [HSA elec. Co [ vorar [efect
products mixed scrap| Ni scrap |Fe-Ni alloy| mixed scrap| Fe-Ni alloy]  HSA ling / from | from oo guction| SUPtOte! sublotal | s )
amount | kg| 2.1E+00| 5.3E-01| 2.1E+00| 21E+00[ 2.1E+00| 9.0E-01 paration | plata(+) 1 platel]
HSA imputs Ni-H battery|plate(+) |plate(-) |HSA scrap|
9.0E-01 amount kg| 3.2E+00| 9.1E-01| 1.1E+00| 6.5E-01
Ni content | kg 1.00 1.00 1.00 1.00 1,00 047 Nicontent | kg 1 0 0 035
kg| 1E-01| 15E-01] 15E-01| 47E-07] 1.E-01| 10E-01] 34E+00| 3.6E+00| -3.18 roducts, plate(+,) [elec. NI [HSA scrap| ISA eloc N [HSA __[elec. Co
oil kg| 24E-02| 34E-02 35E-02[ 9.3£:02| 24E-02| 23E-02| 1.0E+00 7.1E+00| -1.00 amount kg| 20E+00| 4301 65E-01 6.5E-01 43201 65601  4.0E-09
natural gas | kg| 6.7E-02| 9.6E-02( 9.7E-02| 26£-01| 6.7E-02] 6.5E-02( 9.5E-01| 1.1E+00| -0.82 Ni content [ kg 093 043 035 035 043 0.35
Niore ka| 0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00| 0.0E+00) 8.5E-01] 8.5E-01] -0.85 i& :9 50802 4.0E-02)
X X x x i scray q|  5.0E-
co, kg| 5401 7.76-01[ 16E+01| 1.76+01| 5.4E-01 526-01] 13E+01| 1.46+01| 309 EXEm Ol 55501 1acor| 1se01
NOx kg| 27E-04| 39E-04| 5.9E-02[ 59E-02| 27E-04 43602 43602 002 non-Fe scrap, | ka|  17E-01| 2.6E-02
S0x ka| 9.4E-05| 1.3E-04| 1.1E+00| 1.1E+00| 9.4E-05 496-01] 49E01] 059 plastics, ote. | ka|  34E.01
c F additional ca kg|  4.5E-04] 9.0E-02 3.0E-01] 11E-01 50E-07| 3.9E-01| 2.4E+00| 2.5E-02| 2.8E+00| -2.32
remarks. © SCAP ot of quality kg| 1.0E-04| 2.4E-02| 6.8E-02 24E-02 1.2E-01| 48E-01| 7.7E-01| 32E-03|1.3E+00| -1.14
(coproduct) | (coproduct) | =" (coproduct) | overning natural gas  kg| 2.8E-04| 5.6E-02[ 1.96-01| 6.8E-02 37£-07| 36E-01| 6.3E-01| 3.2E-03 1.0E+00| -0.68
- Ni ore kg 0.0E+00] 0.0E+00f 0.0E+00] 0.0E+00| 0.0E+00) 4.7E-01] 0.0E+00| 0.0E+00| 4.7E-01 -0.47
0 5‘:_ CO, kg 2.3E-03| 4.5E-01| 1.5E+00| 5.4E-01| 2.5E6+00 3.1E+00| 1.1E+01| 1.2E-01| 1.4E+01 -11.5
#ji P A ssTAg I 3| B/ = o) = 3Ep) NOx kg| 12606 2.3E-04| 7.86-04| 28E-04| 1.3£:03| 1.2E02[ 3.6E-02 4.4E-04| 4.8£:02| -0.05
N 4#”5’%#‘”\- 1371 j:;/k lﬁ,fﬂ_lf = '7/1/7k7ﬁ @Hﬁ SOx ka| 40607 80E-05 27E-04 o5E-09f 4404] 2301 33e-01] 38E-04| 57E.01] 056
Fe scrap
remarks

NEMRICRDEEZLNDIOT, AILT kA T=y

Vol. 54, No. 4 (2007)

199



VA 7 V& TabledIRT, = v 7 /LB LOKHE
WG~ D YU A 7 VNRINKE N, 7RI, fiRfiis
BREETRAET L, i, TAI, TIRF IR EDR
7Ty TIZOWTUIRHE L TV,

5. ER-EH

5.1 =Y A 7 k2 bR FEHI

= NY B A T ONT, Do X PRI, FEE D
80%., BEEMMOEENY FA 7V E N5 L LEERTEE b
LT, VYA 7S KD LR SR E s R A R
U725 & Table1012 59,

DOERIRO ZEREHE R, 13.6{8 F 2 (20054 )
IZH~uE, 10T h o & &3, Db

FTHILD 71 2 Z LAVER STV D, ERE LTI,

W ZFEEMN S D) F A 7 JVITHE D HITEAN2/3, =47
JVIKFBMMN S D VA 7 VP13 7> TND,

Table10 CO, emission reduction by Ni recycling

recycling amount (t-Nify) GHG emission expected

reduction per emission

1kg-Ni reduction

present | future (kg-COy) (t-CO,ly)

plating 140 1,120 6.6 6,511

catalysts 40 336 0.9 270
magnet materials /

non-Fe alloys 3,000 3,000 0

batteries (portable) 880 3,880 1.2 3,621

batteries (car) 4 11.5 46

stainless steel 35,200 | 35,200 0

total 10,449
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Prospects and Challenges of Bioethanol
Shinya Yokoyama and Kiyotaka Saga

Department of Biological and Environmental Engineering
Graduate School of Agricultural and Life Sciences, The University of Tokyo

Abstract

If biomass can be efficiently converted to liquid fuels such as ethanol, it can contribute to the energy security and global

environment. One of the options for starting materials for bioethanol production will be rice. It has a long history for cultivation

because it can avoid injury by continuous cropping and soil erosion. In this report, energy balance of ethanol production from rice

and rice straw and husk is evaluated from the energy input and output analysis. Furthermore prospects and conditions for

bioethanol production from not only agricultural biomass but also forest one is considered.

Key words: Ethanol, Bioethanol, Biomass, Rice, Energy
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Design and assessment for material cycle systems centering the waste melting process
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Abstract

This paper introduces state-of-the-art Japanese waste melting technology that has not yet been successfully implemented in

Europe. Melting technology in Japan has been developed to resolve dioxin problems and shortage of landfills. There were 165

facilities using the melting process in 2006 in Japan. A new material-cycling system using melting technologies is now being

developed for creating a sound material-cycle society. This system recovers valuable metal resources such as Zn, Pb and Cu

from the molten fly ash (MFA) and is almost a zero-discharge system. A life-cycle assessment was performed to compare the

case of disposal as the base scenario and some cases of melting including using the new system. It was shown that the new

material-cycling system using the melting technology reduces landfill space, lowers the risk caused by toxic metals in landfills,

and decreases the consumption of natural mineral resources while it somewhat increases GHG emission.

Key words: Wastes, Melting technology, molten fly ash, metal resource recovery, LCA
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Ecomaterials to Relieve Material Risk

Kohmei HALADA

National Institute for Materials Science

Abstract

As a momentous shift of the political actions for the global climate change is beginning, the role of
materials getting more important as tools of eco-innovations. On the other hand, the eco-innovation will bring
additional demand of material use, adding to the expansion of global economic to acquire the welfare of
non-OECD countries. The simulation of materials consumption until 2005 is shown. Accumulative
consumptions of Au, Ag, Cu, Zn, Pb, Ni will run over the amount of reserves and reserve base. Factor 8 or more
is required to avoid the Material Risk. Four Re-s, Reduce, Replace, Recycle and Restrict are important to
achieve it.

Key words : Material risk, Resource depletion, Factor 8 , Stimulation of elements research project
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Tablel Resource indices of elements
Resource Resouce Resource Resouce
|TMR . Exhaustm‘n Scarcity [TMR Exhuustla‘r\ Scarcity
" Index soetficient Index

3u 1,500 1,800 600 52 Te 270,000 2,900,000 300,000
4 Be 2,500 21,000 2,500 5312 45,000 6.000
5B 140 9,600 400.0 55 Cs 11 13
9F2 210 26 56 Ba 510 680
10 Ne |- - 57 La 100 470 400
11 Na 49 58 Ce 000 450 300
12 Mg n 15 3. 59 Pr 000 300 2,000
13 A 48 04 1. 60 Nd 000 000 800
14 Si 34 01 62 Sm ).000 500 000
15 P2 22Q 2 83 Eu 20,000 22,000 000
185 520 6 64 Gd 10,000 000 000
17 C12 52 65 Th 30,000 34,000 10,000
189K 54 86 Dy 000 500 000
20 Ca 80 i) 67 Ho 000 22,000 000
21 Se 2,000 200 68 Er 000 800 000
27T 36 13 7 69 Tm ),000 54,000 20,000
23V 1,500 300 200 70 Yb 2,000 000 000
24 Cr 26 43 12] [ 71 L 5,000 54,000 20,000
25 Mn 14 100 13 72 Hf 000 000 000
26 Fe 8 1 1 13 Ta 800 66,000 000
27 Co 600 1,700 300 7AW 180 34,000 000
28 Ni 260 1,100 75 Re 20,000 30,000,000 30,000
29 Cu 360 300 120 76 Os 540,000 27,000,000 1,000,000
302Zn 368 1,000 0 I 400,000 27,000,000 1,000,000
31 Ga 14,000 1,800 2,000 7Pt 520,000 860,000 200,000
32 Ge 120,000 18,000 20,000 79 Au 1,100,000 6,200,000 1,000,
33 As 29 15,000 200 80 Hg 2,000 680,000 19,000
34 Se 0 1,200,000 3,000.0 81Tl 430

35 Br2 1,500 11,000 1,000 82 Pb 28 3,000 100
37Rb 130 16] | 3B 180 750,000 000
38 Sr 500 450 200 88 Ra | 280,000,000 A
9y 2,700 1,200 600 90 T 9,000 3,700 000
40 2r 550 560 200 2u 22,000 32,000 10,000
41 Nb 840 2,100 400

42 Mo 750 11,000 1,000 | |coal 1 0.04 K
44 Ru 80,000 2,700,000 161,213 | |oil 08 .S
45 Rh [ 2300000 5400000 ] 1,000,000 jstones ¥
46 Pd 800,000 2,700,000 500,000 ggregat ¥
47 Ag 4,800 1,100,000 25,000 | |plastic 1 08 K
48 Cd 7 260,000 400 | |wood 02

49 In 4,500 3,800,000 50,000 | {cement t .4
50Sn [ 2500] 30,000 3,000 |cerial 320 19 30
51 Sb 42 180,000 1,000
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Colloidal photonic crystals

ANAN T2

-A new material for next generation-

Tsuyoshi KANO

Japan Aerospace Exploration Agency

Abstract

Rare earth materials have been put into advanced industrial application first by the red phosphor for color TV

in 1960’s. The wide innovation caused by the materials has shown the importance of the pioneering materials

demonstrating the merit of practical application. Colloidal photonic crystals could be such pioneering materials, if

the demonstration is successful. They need intimate collaboration of wide research areas not organized so far. The

space experiment project now in progress is described as an example of such collaboration, where a “Mogamigawa”

model is proposed to convert existing individual technologies into combined fast flow of open innovation.

Key words: Colloidal crystal, Photonic crystal, Nano particle, Space experiment, Microgravity,
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Fig4  One-directional colloidal crystal growth
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Abstract

At present, we have various problems about earth environment such as climate change, decrease of forests, lack

of water to drink, air pollution, environmental hormones, and lost of ozone layer. Among them, the global warming is

thought to be most critical. But the argument on the global warming is scattered from utmost pessimistic to optimistic.

Through two typical opinions of pessimistic and optimistic, I would like to consider the real direction of the global

warming and how we should cope with it.

Key words: Global warming, IPCC, CO,, Alternative energy, Green business
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Table 1 Ranking of adaptability for climate change
(Adaptability is proportionate to
country economic conditions.)

Top 10 countries Worst 10 countries

1. Norway 1. Sierra Leone
2. Finland 2. Bangladesh
3. Sweden 3. Somalia
4. Switzerland 4. Mozambique
5. Canada 5. Ethiopia
6. Japan 6. Rwanda
7. Austria 7. Benin
8. France 8. Yemen
9. US.A 9. Angola

10. Denmark 10. Kenya

Another rankings : China 52°0 India 74% Holland 14%,
Israel 25% Costa Rica 37" (commitment for environ-
mental problems) , Saudi Arabia 49" (no-reflection of

small investment for the en-

, Kyrgyz

economic conditions,
vironmental adaptation) ($12,000/person)
47"%($1,700/person)
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