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Battery Technologies for Energy and Environmental Technologies

Tetsuo SAKAI

Research Institute for Ubiquitous Energy Devices, Advanced industrial Science and Technology (AIST)

Abstract

Since the fist production of nickel-metal hydride battery in 1990 and Lithium-ion battery in
1992 the battery production of these advanced secondary batteries have increased rapidly, now
comprising of 60% of the whole battery sales in Japan. The application of these batteries is now
expanding from small portable appliances (Wh-class) to electric and hybrid vehicles (kWh-class) by
scaling up the battery size and also improving the security and safety. Further scale-up of the
batteries (MWh-class) is now going in order to utilize in the energy recovering system for rail road
and also energy storage system for solar energy and wind power. The advanced battery technologies
are one of the key issues for energy saving and new energy technologies.
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Table 1 Materials for lithium ion battery
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Fig.6  Scaling up of battery and progress in applications
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Development of hyperthermophilic methane fermentation system

Hiroshi TSUNO and Taira HIDAKA

Department of Urban and Environmental Engineering, Graduate School of Engineering, Kyoto University

Abstract

To solve global warming and energy problems, anaerobic digestion of organic wastes will be
helpful. Hyperthermophilic (higher temperature than traditional thermophilic 55°C) fermentation
processes have possibility to provide improved performance. Laboratory scale reactors were operated
continuously fed with artificial kitchen waste and waste activated sludge, and microbial community

was analyzed.

The appropriate temperature for methane fermentation was 55°C, but at the acidogenic reactor,
solubilization efficiencies of COD, carbohydrate and protein at 70°C were higher than those at 55°C
by around 10%. The system of acidogenesis at 70°C and methanogenesis at 55°C was stable and
well-functioned. Different microbial communities were obtained under different temperature
conditions. The present study proved that the hyperthermophilic system was advantageous for

treating organic wastes.

Key words: Methane fermentation, Hyperthermophilic, Kitchen garbage, Sewage sludge,

Microbial community
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Table 1 Components of artificial kitchen waste A ZH OB Sy B BB L THRE LS F v XY 10%,
(Acid fermenter) T A E 10%, KR 10%., F3E 10%, =22 10%,
Run K‘*gf’a Kf\gj’b }jg?a U= 25%, ALy P()7.5%, AT F(E)10%, TR
Temperature (°C) 80 80 70 10%. 73> 2.5%, F¥E 7.5%. $iA 5%, £ 2.5%. I8 2.5%
e E‘f;; R LV R B, Z ORI, Table 2 IO RT LD TH 5,
OLR (g COD/L/d) 224 279 182 Z LT, TS 239 10%I272 2 K 9 IZ/KIEAKCTHEINL TH
HRT (d) 5 4 8 Wi
SRT (d) 5 42 116
Sludge return No Yes Yes
{Methane fermentation) (2) ETHE FKIGIROBEANEL (K B)  pl&fkix,
Run Ko KOs KOon KOs Kon Ko ET7 & FAMIROBAIEE A 4% & LI WEEES
Temperature (°C) 65 70 73 76 80 55 AT o7, 70°CTills Uil m iRER B . 72 5 ONC
HRT (d) 30 30 30 30 30 120
OLR (g COD/L/d) 38 38 38 38 38 097 35C, 55CH LV 65CTHMR LT A & L REE &AL A &
pH 17 77 77 77 77 808 O CEE L7z (BUF, 221 A70+#M35, A70+MS5,
BLOATOMES LFLT) o F7o, I bhr—AREL
Table 2 Operational parameters for treatment of artificial T, mEREgsRE (55C) BRI U A & U 38EE (55°C)
kitchen waste AL AG DR T EIR G [FIRFIZIT o 72 (LLF, AS5+MSS
Parameters Tatal Soluble LR o RALEOMMKGEMIZ, Table 312734 L B0
TS (g/L) 189 - Thb,
VIS (/L) 179 - EF, HILT TS 9.8%D A T 77 80%35 L T8 TS
cober e/ e 0.SUTREEDRBIEIE 20% % BA LI IEIC & 2 el
NHs4 -N (mgN/L) - 72
TN (meN/L) 010 . #i% 230 H W98k L7z (JE8R B1) . B O F-%) TS 13224
Carbohydrate (gGlucose/L) 145 79 gL THY | VS ILTRENFIEIL 15%EBETH 5, BRFREEE
Protein (gAlbumin/L) 55 15 @ HRT 1% 6.4~2.4 H, SRT (X 8~3 H& L., AHA
= (OLR) % fh& (24N é’éto N ¥ G R 1
Table 3 Components of substrate blend ZHERFT D 2T m DB X DB DL E T o T,
Paramotors Tatal Soluble AR FERERE OV T, HRT é’f 20~85 H& L7,
TS (g/L) 22-69 - W, BHERENETEE VT, ATAEITRIZ VS T
VIS (/b 2152 - RRNGIE B0%IRE L, B4 IR A LT IHIC K 5 iftEis 4
CoDer ) s e 175 A0 L 7= (3280 B2) . We%WER O HRT 45 L OF SRT
NH:™-N (mgN/L) ; 29-162
TN (meN/L) 960-4490 _ T3 BEL, REGRRES BIF 22 LT OLR Zfhx
Carbohydrate (gGlucose/L) 9-11 2-6 WEINE 7, EEDO TSI 25~60 g/LEETH -7z,
Protein (gAlbumin/L) 5-25 0-1 A B UFEEAE I Z W ClE, HRT 285 H & L7,
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Table 4 Treatment performance in Experiment A
(Acid fermenter)

A8B0 A80 A70

Run KG-a KG-b KG-a
COD solubilization (%) 205 214 4341
Carbohydrate solubilization (%) 67 61 81
Protein solubilization(%) 244 31 262

(Methane fermentation)

M65 M70 M73 M76 M80 M55

Run KG-a KG-a_KG-a KG-a KG-a KG-a
CHj yield (L/g VSadded) 027 009 0 0 0 037
CHj4 conversion, COD base (%) 625 145 0 0 0 85.5
VS removal(’) 665 467 404 36.9 195 78.2

() HEHfREYT  SUSERNOMAEMREE DT A, T °
LEERD S FAEWFTFE (T F b n—=0 7ik)
TikAx7-, DNA filitHiZ, DNeasy Tissue Kit(QIAGEN #t)
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#7 DNA & LC PCR %175 72(PTC-200, MIJ research),
PCR I%, TaKaRa @ premix taq [#3, 72D NI KPOHE
EANE - EAZME - R O 168 IDNA %% &35
Univ.519F-Univ.1406R 7' 7 4 ~—"" & 1L\ T 94°C, 60°C.
BLONCTTHE 145D, 25 %A 7 V%170, 900 bp O H
M3 RARERR U7z, B - K5 9¢4% | TA-cloning 24T\,
¥ =7 = AT (Univ.S19F 77 A ~—)&iT o7, ¥ —
I AR, AT AAFTDT = ) I 7 AR S —
D=y 2y T = RAERM LTz, &b/ iAR
%15 — % X, Ribosomal Database Project II'' 284> o >
T U AL UTHE L TV % Chimera Check (23T
F AT TR E I D ERENDTZ, WIZ, KESLEST
[XEfE (NLM, National Library of Medicine) ZE#) 1%
¥t > % — (NCBI, Naitonal Center for Biotechnology
Information) @ web site (http://www.ncbi.nlm.nih.gov/) E
T, FRATTIER &I SRS T — 2 2 R
7 —& UCHEMMRSE (Blastn) #1T7-72, £z,
it Uiz 7 v — 2 oW CHILEST — 2 53 97%LL L7 U
ZEHETESbOICHLTIE, Ehba—>0D OTU

(BVERY 53 AL, Operational Taxonomic Unit) & L C
F LWz, RHHMHE, MEGA4"” & HWC, NI JEIC LY
YERE L7
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Fig.2 Solubilization efficiency in acid fermenters

(Experiment B)
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Fig.3 Methane fermentation efficiency (Experiment B)
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Fig.4 Microbial community in Experiment A (p. means detected ratios % of each OTU)
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Basic Properties and an Applied Technology on Gas Hydrate
Hiromu KUSUDA
Department of Energy Science and Technology, Graduate School of Energy Science, Kyoto University
Abstract

Gas hydrate are ice-like crystalline compounds in which hydrogen-bonded cages of water molecules trap
small molecules like methane (CHy), carbon dioxide (CO,) (Called guest molecule). It has been speculated that
there are large oceanic methane hydrate deposits adjacent to Japan, and it is important to elucidate the
mechanical and chemical properties of the hydrate to develop commercial technologies for identifications and
extracting hydrate concentration to utilize these resources. We investigated mineral processing considering the
protection of the environment and resources from the following various points of view. 1) Basic properties of
gas hydrate. 2) Gas hydrate technology applied to biogas.

It is necessary to separate CH, from biogas (mixed gas including CH,, CO,, N, H,S etc.) for effective
utilization of biogas provided by methane fermentation as an energy source. We studied the formation /
dissociation behavior of CH,/CO, mixed hydrate to separate biogas using the characteristics of gas hydrate. The
surface shape of the hydrate film was not uniform, and opaque CH, hydrate and transparent CO, hydrate
seemed to coexist in a complicated manner. The transparent part became wider as the ratio of CO, increased.
When the temperature increased, the hydrate film regenerated soon after the hydrate film was initially

dissociated, and this occurred more often as the ratio of CO, increased.

Key Words: Methane Hydrate, CO, Hydrate, Guest Molecule, Gas Separation, Biogas
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Fig. 1 Schematic of experimental apparatus
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Fig.2 The CO, hydrate film at the vapor-liquid interfaces at 276.2 K and
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Fig.3 The CO2 hydrate film formed at the vapor-liquid interfaces in NaCl

aqueous solution.
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Fig.5 Equilibrium curves of CHy, CO,, and mixed hydrate
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Present Status of Geothermal Energy Development in Japan and Its New Perspectives

Sachio EHARA and Jun NISHIJIMA

Laboratory of Geothermics, Department of Earth Resources Engineering, Faculty of Engineering, Kyushu University

Abstract

Geothermal energy is renewable and its sustainable production is possible based on scientific monitoring and modeling of
geothermal reservoir. We have a large amount of geothermal resource potentials, that is, amounting to larger than 20,000MWe
in Japan. More than 530MWe of geothermal power generation capacity at eighteen sites have been installed in Japan until 1999.
However, change in governmental promotion policy of geothermal energy and low cost of oil retarded geothermal
development in Japan after that. Recently several new actions such as discussions between geothermal and governmental
peoples, cooperative works with other renewable energy groups efc. are changing the situation and now we hope that we will
have new geothermal power stations in the near future. Geothermal heat pump systems for air conditioning are also spreading

quickly very recently.

Key words: Geothermal energy, Power generation, Direct use, Geothermal heat pump, Geothermal reservoir, Sustainability
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Measures for Power Draw Reduction on Tower Mill
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Abstract

On-going operation data of Tower Mills were collected. The particle size distribution ground
with Tower Mill was then predicted by analyzing the data using Grinding Kinetics Theory. The
material is supplied to hydro-cyclone separators to obtain finished particles. The particle size
distribution is also simulated using an expression of hydro- cyclone classification. Results based on
the theory and expression provides sufficient and proper mass-balance of the Tower Mill grinding
circuit. From the mass-balance, proper motor sizes for Tower Mill and the auxiliary equipments,
such as pumps, are obtained. The proper motor size reduces power draw effectively on the Tower

Mill circuit.

Key words: Tower mill, Comminution, Classification, Power draw reduction
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Fig.1 Typical closed circuit of Tower Mill
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Commercialization of energy conservation in the thermal technology
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Abstract

An industrial furnace is a heating device in which the materials or parts are dissolved,
baked and dried to achieve the physical and chemical change in the refinement and the

processing.

It consumed lots of fuel and electric power and the technology of the energy

conservation are required to correspond to high energy prices and a lot of CO2 emissions.
It is introduced to develop the energy conservation type industrial furnace using

exhaust heat recovery and appropriate energy such as natural gas and unutilized

process gas.
protect the global environment.

We also tried to find the new application in the environmental field to

Key words: Industrial furnace, Energy saving, COsz reduction,

Exhaust heat recovering
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Energy Technology Diffusion and CO, Emission Reduction
— An Economic Analysis by the Ramsey Model Combined with a Logistic Curve —

Kazushi HATASE

Graduate School of Economics, Kobe University

Abstract

This paper presents an energy-economy model of climate change that considers structural
change in the energy sector by means of a logistic curve. In the study described here, the global
economy is viewed as a Ramsey model, and the diffusion of new carbon-free energy in the energy
sector is modeled through a combination of logistic curve and learning by doing. The simulation
results of our study show that learning by doing plays a crucial role in determining the optimal CO,
emission reduction policy. High learning makes the optimal starting point of technology change
earlier, and lessens the costs of CO, emission reduction. The simulation results also indicate the
need to consider the effect of socio-economic inertia. High socio-economic inertia, like high learning,
favors making a technology change sooner rather than later.

Key words: Carbon dioxide emissions, Technological change, Ramsey model, Logistic curve,

Learning by doing
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Table 1 Simulation Scenarios and Parameter Settings

Scenario | a: Coefficient of Logistic Curve b : Experience Index
STC+LL 0.05 0.1
STC+HL 0.05 0.5
FTC+LL 0.15 0.1
FTC+HL 0.15 0.5
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Table 2 Common Input Parameters of the Four Simulation Scenarios

Parameter |Description Value
P Pure time preference rate 2% per year
K (0) Capital in 2000" $76.746 (trillion)
Y(0) Gross output (GWP) in 2000" $29.068 (trillion)
E0) Total energy input in 2000 6.628 GtC
o Depreciation rate on capital 7% per year
v Capital’s value share 0.31
o Elasticity between K—L and E 0.40
S(0) Share of new energy in 2000 4.2%
P n(0) Price of new energy in 2000 1000 $/tC
Tin Lowest possible price of new energy” 250 $/tC
Oy Plant’s depreciation rate of new energy 7% per year
gN Growth rate of new energy inputs 4.8% per year
Markup Markup on fossil energy price” 163.29 $/tC
< Parameter on marginal cost of fossil energy” 113 $iC
<5 Parameter on marginal cost of fossil energy* 700 $/tC
CumC™"  |Maximum possible extraction of fossil energy {6000 GtC
M(0) Carbon accumulation in the atmosphere in 2000 |786 GtC
u Removal rate of CO, from the atmosphere 0.6% per year
O Emission intensity of fossil energy 1.0
Emis ™ (0) [Natural CO, emissions in 2000 1.33 GtC per year

* Figure in 1990 US dollars
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