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Keiichi N. ISHIHARA, Professor in charge of Student Group Research
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Discussion on G-COE Student Group Researches by Poster Presentation at the Annual Meeting.

It is typically very difficult for PhD candidates to keep interest in various topics or to talk to people, in regards
to anything other than their major. However, the diverse knowledge obtained through such activities is sometimes
very precious in contributing to their studies, and when they finish their studies the knowledge is often required on
various occasions. Furthermore, and perhaps most importantly, PhD candidates must have the skills to communicate,
collaborate and discuss with academicians from different cultural and disciplinary backgrounds. Practice is the only
way to acquire such knowledge and skills. In the Global COE, we are conducting the “International Energy Seminar” in
which the registered students study topics of their own choosing. Generally, 8 groups (each 8-9 members) are formed
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with consideration given to their nationality and their home department in order to obtain the maximum diversity. We
also nominate a GCOE assistant professor or researcher as group advisor for each group. The groups discuss topics they
have chosen (outside their own research topic) that fall under the banner of a zero-emissions society, following a “problem
based learning” (PBL) strategy. So far, at the GCOE international symposium or other international symposia, they have
taken the opportunity to present their research. Additionally, they have submitted a report on their study every year. In
the advisory meeting held this January, it was suggested that we should published their results, which has given rise to
the publication of this special issue.

Very different topics have been selected so far. Mostly, they have selected from areas closely related to their
individual research or daily life. For example, in this issue: campus life, food selection, transport infrastructure, paper
consumption (intra alia) are presented. Furthermore, issues associated with the Asian region are common, since the
groups are composed of Japanese students and international students who are mainly from Asian countries. During their
study, they must have encountered numerous difficulties such as being unable to find the appropriate data, or the real
world being significantly different from their assumptions. However, they must ultimately have realized how deep and
difficult energy problems are through their group study. It must have been quite difficult even to arrange their group
meetings since they have their own research to undertake simultaneously and are spread across two different campuses,
Yoshida and Uji. Despite this, some groups produced very good work, with one paper appearing in an international
journal and one in an international conference. The results of their studies may not all be of the highest academic
research quality, but it is important to appreciate the benefits of the process, not just the outcomes.

Finally, I would like to acknowledge the GCOE assistant professors and researchers for guiding the students’ research,
Ms. Hirano for taking care of the administrative procedures and Prof. B. C. M. for helping review the articles.
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Winners of Best Poster Awards at the G-COE Annual Meeting FY2011.
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AW TR AFEEIRT 28 5OREHRAA (GHC HA) IKEHL (K1), HAOBEEISHHNEh S &
ZREE D, BEHEZZEZ 2T LICK % GHG H ADHRHSIRIC DOV TG LTz, I TIE—RAKRUTNIZY 7 >~
DEHWOLZNGE LT GHC HHE RO 217 > 7o —RADEHEIICDWTIEY > — FHZFR L. 2N
DFENSBEBRENFICET ST — 220G L (M 2), XXV 7 DN TE, PN TIEEND R 0k T—
ZMEENIED STl BRI 2V 7 2 HADHESE S 5 BRll7 (1] ZfEH Uz, Ml S BYNCB T 28 &Y
720 D CO, #F IR (g-CO,/g) [2][3] LEHWLIZEE (g LOMICKVEHL, ZNH6Z2HFHTEIET—A
—H%47 b OEREYH 5O CO, FHHkE (g-CO,/day/person) ZitH L7z (X3), Fiz. Z O R~ Mo
CR LR EHHEIR & R B oI, BEEEOEITIREEY 72 © O Z#bEPHEE (CO,g/m) DT —X [4] ZHV
TZFOHHRIC OV TR =TT T2

¥BPLOBEFBRIEROAESTRFICRNWC LIIARICEALNS, L L, BEEZERCEZ ST LIER
BTIEREV. Z T TARMIE T, BFEROZEEZNE 7253 ZBILRENIEI R Z AES 5 720D FiEicon
TEME LTz NG, EOBERRLFHEG MR E THO LN TV A EEETE GEREOHTL - AHP[5)D ZHWW T,
BHEROZE S B LREHEZ T 5 FiE2iER Lie (K4),

fiRE LT, —fEA T 5.13 [kg-CO,/day/person] (BF3:29%, DM :71%). NI X217 > Tl 4.34 [kg-CO,/
day/person] ® CO, % H L BET 2 BYIH SHH L TWE T Mooz, b OPHERITFATHFICHE O THiH
T 28 [km| #&E T 24 [km] EITRHCHA T 2 “HILRE L FMTH S W oTc, EHICAHPICBIL T M8
BEvEL. TREGSPEL. THEEREL. Tok) Z3HMEORMEL LT, TBROVIC D 3 WRORNE] ZREdT 57 77—
MERIEL Tz, AFEZHVWS T ICKD, BYEEZEZTZBO CO, HIWEhRZ/RT TN TESZEEZ SN,
ZDDAFIEE, BEEOUEZEL T CO, HllZ BIETBERIZE EICHHATH 2 LEADNS, AFiZ &K
DEAMZEDICT Z70I1IE, %I T V7 — NG AHP FEOWRE, 5IKEL D7 Vrr— s TF— X ORSSE
MRRE LR %,

This research focuses on GHG emissions from our daily foods (See Fig.1) and aims to propose new lifestyle food
choices to reduce GHG production. We evaluated the GHG generated from everyday foods a general person (GP) and a
vegetarian (VG) consume. For GP data, we prepared questionnaires and collected data for food consumption of students
on campus (See Fig. 2). For VG, we used a food menu[1] recommended by the international vegetarian union, because it
was difficult to obtain a representative VG sample on campus. Evaluations of CO, were performed using both data[2][3]
of equivalent CO, amount per food weight [CO,-g/g] which include all processes (i.e. planting, harvesting, transportation,
etc.) and food consumption [g] for every food we ate. Then the average amount of CO, emitted per day per person [CO,-g/
day/person] was estimated (See Fig. 3). In order to compare the results with other CO, generation sources, the amount
of CO, from foods was examined using data[4] of CO, emissions from automobiles per kilometer [CO,-g/km].

It is easy to imagine that a vegetable-centered life is good, not only for the environment due to the elimination of
high-level GHGs like methane and nitric oxide but also for health. However, it is hard to change our eating habits in
practice. In order to show the CO, reduction effects for selection of everyday foods, estimation methods based on human
willingness for food selection was proposed. In this research, an established sociological decision-making-method - the
Analytical Hierarchy Process (AHP)[5] - which has been used in many fields like policymaking and business projects, was
selected (See Fig. 4).

As a results of estimation, it was found that CO, emissions per person are 5.13 [CO,-kg/day] (vegetable: 29% , others:
71% ) for GP and 4.34 [CO,-kg/day] for VG. Those CO, emissions are equivalent to the amount of emitted CO,-gas
for 28 km-travel and 24km-travel by automobile, respectively. As for the AHP estimation, questionnaire sheets which
considered "Environment", "Economic”, "Health", and "Taste" as evaluation standards, and determined "Ratio of vegetable
in food menu" were prepared. It can be seen that reduction effects of CO, based on food selections were estimated
using this method. Therefore, this method has the potential to contribute to policy-making, which aims to reduce CO,
emissions via our everyday food. In order to make the research more practical, it was considered important to improve
the questionnaire- and AHP-methods and to collect more data.
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[1] URL:http://fruit.easy-magic.com/user/index.php?menu_id=17&mode=view_content&news_content_id=174&page=1
[2] URL:http://timeforchange.org/eat-less-meat-co2-emission-of-food

[3] URL:http://www.afpbb.com/article/environment-science-it/environment/2816222/7562795
[4] URL:http://www.smartgreenfood.org/jsp/front/story/story0O3_1_popup.jsp

[5] E#R—ER. B S22, Excel T35 AHP A". Ohmsha
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Fig.1 Our proposed idea of using return voyage tanker.
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Fig.2 Image of immobilized Carbon anhydrase.

Research outlines

Anthropogenic CO, emissions are one of main causes of global warming. The hydration of CO, plays a key role in
preventing global warning. However, the hydration of CO, causes acidification which affects the global environment.
Thus, research on carbon capture and sequestration technologies are important for us to maintain nature.

This study is concerning the issues of carbon dioxide capture and isolation by aquafarming of phytoplankton in ocean
and artificial enzyme induced absorption. We show the possibility of achieve reduction target of CO, in Japan with either
proposal.

1. Growth of marine phytoplankton.

@ Current state and problems: phytoplankton in the ocean are responsible for half of the photosynthetic activity
globally. A study to increase their number by iron fertilization ocean was conducted, which attempted to absorb CO,
[1]. The reduction of CO,in the atmosphere is possible to be achieved by the application of this method; however the
remaining issue is the economic cost of such large-scale ocean remodeling.

@ Proposed in this study: ocean iron fertilization by back-loading empty ballast tanks of tankers en route from
oil consuming countries to oil-producing countries with the aim to incorporate the absorption of CO, by ocean iron

—7-



fertilization into human economic activity (Fig.1).

Based on Reference 1, the productivity of photosynthetic organisms in a 300 km” area increased 10 times within
two months by adding one ton of iron solution. Here, we assume that 6.7 X 10° tons of CO, is absorbed in the sea area
of 300 km’ per year based on a report that indicates the absorption of 8 X 10°tons CO, in total area of the sea on the
earth (3.6 X 10®km?) [1]. If spraying 6 tons of iron solution in 12 months were to be conducted, the increase in CO,
absorption of 6.7 X 10 X (10-1) = 6.0 X 10* tons is expected (if we assume no seasonal variation). 70 large tankers
per year from oil-producing countries each complete 9 outgoing and return trips to Japan. If the transport of 1 X 10*
ton of iron solution was undertaken so as not to delay the ship or significantly impact on ballast tank capacity of 1.3 X
10° ton per vessel then 70 X 9 X 10*= 6.3 X 10°tons per year dispersal of iron would be possible. CO, absorption of 6.0
X 10" X 6.3 X 10°/ 6 =6.3 X 10" tons would be caused by this, which is three orders of magnitude greater than 7 X
10" ton Japan's annual reduction targets [2].

2. Biomimetic carbon dioxide capture.

@ Current state and problems: Carbonic Anhydrase (CA) is well-known as a biocatalyst to sequester CO, through the
conversion of CO, to HCO-. HCO- can be mineralized by addition of calcium ion, and it converted into CaCOs. According
to the previous report, CaCOj; has high stability, and it can be used as an industrial material [3]. This method does not
affect the global environment. However, it still remains in the research phase because of the poor stability and activity of
naturally derived CA [4].

@ Proposed in this study: Prior work in which more than 70 percent of carbon dioxide gas was recovered was used for
estimation of the amount of carbon dioxide that could be recovered [3][4]. This was compared with the total emissions
of Japan in fiscal 2009. Considered in this calculation, the carbon dioxide recovery technology using CA is available
in a wide range from domestic use to factory use. In the cases of energy exchange and industry sectors, CO, emission
amounts account for about 40 % (467.9 X 10°kg) of total (1145 X 10°kg) [5]. If we had used CA application which
extracts 70 % of CO, from gas emitted from generators and industries, the amounts would have become 140.4 X 10°
kg. CA can be also supplied for domestic use as a disposable cartridge because CA is easily immobilized on resin (Fig.2).
In addition, in the case of dischargers of large amounts of carbon dioxide, such as factories [3] CA can provide a high
ability to isolate CO,in conjunction with chemical adsorption methods such as the amine solutions [4]. Thus power
generation methods that do not contribute to global warming - such as the thermal power generation which applies
carbon capture technology such as this may be plausible.

3. Conclusions

The current trend to make use of fossil fuel and coal instead of nuclear energy would lead to the increase of CO,
emission. The reduction of CO, emission is indeed an important point of consideration for planning the future energy
system. CO, is naturally hydrated, result in acidification of global environment. Here, we show that these methods have
high possibilities of preventing global warming and acidification. In Growth of marine phytoplankton method, the
high safety of iron solution is required. The high stability and activity of CA are required in biomimetic carbon dioxide
capture method. The key technologies in both methods are the fundamental functions of living organisms, therefore
those methods are environmental-friendly.

SE ik / References

[1] The Ocean’s Invisible Forest, Scientific American, August 2002

[2] FURaEE S HALERGETHE (http://www.env.go.jp/houdou/gazou/5937/6699/2278.pdf)

[3] Christopher K Savile, and James Lalonde. Biotechnology for the acceleration of carbon dioxide capture and
sequestration. Current Opinion in Biotechnology 2011;22:818-823.

[4] Seung-Woo Lee et al. On carbon dioxide storage based on biomineralization strategies. Micron 2010;41:273-
282

[5] BB (http://www.env.go.jp/earth/ondanka/ghg/2009ghg.pdf)



1) — > K% / Green University

HOPE " (HAD), Faxzr )by 7 (NhFL), milgk s (hED, FiEek” EED, S * (HA),
2aTHITT(AUR), ENAR AL 2ATV—2 (VT }),

WIS (AA), INEE S (HA), THE" (HA), Mkes ¢ @EE)

Saizo AOYAGI® (Japan), Nguyen The LUONG® (Viet Nam), ZANG Linge® (China), Yoo-Sung HA® (Korea),
Michinao BUNNO" (Japan), Mishra GAURAV* (India), Mohamed Omer NAGY" (Egypt),

Emi YAMAKAWA® (Japan), Yoshiki YAMASHITA® (Japan), Mitsuru CHIDA” (Japan) and Jae-Yong LIM® (Korea)
CREBE T 2OV F—RPAWISERL Graduate School of Energy Science

" T3V —H T 225 Institute of Advanced Energy

¢ R LAFER R A% L#E % Department of Nuclear Engineering

4 74F 92887~ Research Reactor Institute

CIRIEERERPEHATRIC I T, R ORZETE S DM TON TS, UL L, SUEBREDPE T % (L
RAFIZK [1] THO . THIVF—NEOENEFL LT L KIFET %, 2010 FICid, FRO T3 VF—iH
TiRE 1,115 TJ. LB RRIE 86 T F > [1][3] I & M T, FMIDEEE: X 30 (= [2] I L7z,

ZIT. TXNVF—R2RET DD, [TV —=2F v 28] OMRZFHERHEAT B LRl
7)) —2F v 2RA ) L& BIZEZIVF RO EORGP S AT LZ2EAT 5 LWV o ek R IRTTEIC &K > T
“HURFESHNE 0 ZHIETREO T L TH B, HADTIV—THHRTIE, LF=d@0 0z 5Ic k> T,
SR AD T3V F—iHE R, RUREPHNE, T U OBARDOHREZRD e, —DHE., BEIFHE LT,
THAS AR 5%, Z~DHIE. LED IV T NI AA v F AT LERWS T LT, BINOEZRIHT
2%, TUTC, Hilcliliiks AT L2228 ThH 5,

1. BVEXIFI A

MRDO—FEHTARICKRDY ZEHIARZEATZHT, WiBIREZEDHZ T ENEHNTH S, THE, MEH
TRTHEO T, BT A% "HICT 2 LEMTEDNTVDS, SRIOFIZTIE, SHHFEY N ZARNICBWT, &
RoEBHAHTANEA SN TRV TEO 5 & [2) ZRgE L, E AT AREAIC X 2 IR ETEHE R E
VR LTz, BHEGIEE. DT, 5RED W 5EZ R U (3l. f58. ERITHR 30 kO i bk £
BEHT 2 HNAEETH 2 FEN b > Tz. FHEICHOW @B DTz, HiEE DEnD, EHS AR
KBRS, BERREIOWE 208 TIT75 5 BT, bREIHEIRIC KX RBNH 5 LT 5,
2. CEZhFIH

FEBAZAIT BT, 20 SR LLE -8R HIRL 1,000[m?] 1Cxf LT, BERE L X1y FEURRAN Tz, F5R, —DD X1y
FITH LT, 52 HDOBERDMIGS LTV e, FT T FAEHHS AT LE LT, RAA Y FITHIST B BEREODH]
BEEZZ Tz, TUCK > T ARERBXOMHAZHKT 2 2 EDHNTH 5. AL Y FIT—DDBEREHE S 1,
PP D T BRRR IE AU BRI D /R T, IIAICE D SN B ENNERE. K 25%H kT 2 HFHEETH S,
Yi—BECld, BERED 1/4 28I, RS, =B CldEEREE 1/3 ICHIB. B9 4 BS. ARS Tl 1/2 OFBBREZHI
WdBE LT, SHBERITERS T, Fo. BER 6IW/m?] ITfED7=dIc. KIEED 60%%2FHT 3T & 2% % T,

ISR EZEMCRIAT 27251, HBBEDRmWH T AR Z BISOBEIICRRIE U, BEHRIC KSR O @y
FMEMHTE EICK>T, HHOMHAHAZERT 2 FzE 2Tz, TNHOMEKICK > T, 19,228 [t/year] H
5 14,421 [t/year] £ T B(bLRZPHEZHINT 2 2 LHAEETH B, T HIc, FEIIH > T LED EERA AL
%l HEENEREK S0%FERE, Hlkd 22 &N TES [5], LED BERZMIH 3 1UX, —BbEPEHEIX, 9.614[t/
year] IZHlkE N5,
3. BT REE Y AT I

FHKZOHERE - 24D 6% K475 1,500 AD, AV VHETEIEEZ L THO, £/ 75 O8Ik
FEHPH LTS (1], 2T T, #HilAlimky A7 LE LT, 5HREEF v /S AMNICED ANB VY VHE)
B, L THAOZIWERT T E2EAT S, BHANICED AND A Y ) ¥ BB E OB Z
DI-LAET % &, M 32.5 MO BLREHHHENHIRTE. 750 THDONANRIAE NS, 155 NTIRFIC
Ko TESHIHE EV) 2 BHEAT S, EVY 27V AT L, SHEF v SR TR E 3T v VS AR Tk
792 v MUNADOHBINEREZ R EET S, BV V27 VAT LOF S ZLIFISRT,
(1) R LREFHZHIR T X %,
(2) THRAIC KN FEB Y AT LB A SN, EVY 27 VAT LICE> T TRIVF—EHMCHIHT 5%

MNTES,



(3) EV ¥ =7 Y A7 LfHd Ul ¥+ MW S ZRIHEORRIC, FHREIFZIE 25T % 0BT,

EVY 27 VAT L2MHT 2 O3PS RZAEE T 5, BV 27 AT LAHEG Y v VAR HE
ICHANTEZ LB RVWEEETE S, TI T EVY a2 7Y AT LOFIHEEIZ. EV—HICDE, —HIC—THEDOF]
MZEREST %, HHF v S8R  FIEE T2 dEF v 2/ S AMOH#EE, ) 20km Th . HAKZICHTET 2 A&,
FIRLE 2> THFEIESKAEEZFIH T 2 HNTE 5, EXHIHOMETHHEXUS. KB EICK>TH
bbb, BEXHIHE—HFYD D CO, FHEHIEED 0.1[kg/km] EHE L. FH— A4S0 —EOFHNHZ LT 5 L.
L O EREHERZHIR T E 2, £LBB L. FlcGiks A7 LEAIC K> T, F]H 335 o
BRI = ORI ATRETH %o

Db, ZDO0N#%EEATSC LICK> T, FERERIATH 11%0 Lk EHHEEERTE S C Lhb
otz TNEDOY Y IV ERF v VR AKEAT S LT bR EPER I EZ N & 8 % H0 AR
TZ%,

Clear acrylic White translucent acrylic glazing
glazing

Side-lighting

A
VY
()2
Ag\\\ Energy

Blectricity ' T %m’< o
md ®
<@
2. EV sharing system 1. Tax for gasoline car
1 Kt &2 BIICFIA L E2Y X2 i BEEY 2T I
Fig.1 Building with efficient use of sunlight. Fig.2 A new transportation system.

To reduce CO, emissions, a lot of research has been conducted in universities around the world. However, Kyoto
University [1] has a lot of old, energy-inefficient buildings, and the amount of CO, emissions has almost doubled in the
past 18 years [2]. Annual energy consumption is about 1,115[T]], and CO, emissions are 86,550][t] in Yoshida, Uji,
Katsura, Kumatori, Inuyama and Yoshino campus [1][3]. Furthermore the annual energy cost in Kyoto University is about
3 billion yen [2]. In other words, we emit a lot of CO, and spend a lot of money for energy.

In order to improve the energy efficiency in Kyoto University, we try to introduce the concept of “Green campus’.
The green campus is aiming to achieve zero CO, emissions by various measures such as introducing energy efficient
facilities and systems. In our study, we evaluate how much we can reduce energy consumption, CO, emissions and
energy cost in Kyoto University by three measures: efficient heating system using double-glazed glass, efficient lighting
systems such as LED illumination and new light switching system, and a new transportation system.

1. Efficient heating system

To achieve good insulation, we consider introduction of a double-glazed windows instead of a single-glazed
windows. Single-glazed windows of almost all the buildings were changed to double-glazed windows as part of seismic
strengthening work [4]. We have chosen five buildings still using single-glazed windows in engineering department
in Yoshida campus for this research [4]. The calculation method [5] used by Kyoto University in 2007 has been
followed here. By this method, CO, emissions can be reduced by 30[t/year]. This amount is quite small because only
five buildings were considered in this research. However, in addition to usage of double-glazed window system, high-
insulated walls and roofs are also promising methods for reducing CO, emissions.
2. Efficient lighting system

At Kyoto University, we counted the number of lamps as well as the number of switches more than 20 rooms covering
1,000 [m?]. As a result, the single electric switch usually operates typically 5.2 lamps. A new idea that decreases number
of lamps per switch was examined in this study. Accordingly, a reduction of unnecessary usage of light can be expected.
For one lamp per switch, a de-lamping policy can save 25 % of the electric power consumed for lighting. The calculation
is based on removing one lamp out of four in the first floors, one out of three in the second and third floors, and one out
of two for the fourth or fifth floors. We consider that we can use 60 % of the daylight to keep the illumination power
density at least at 6 [W/m*|. Moreover, we consider further utilization of daylight through roofs and windows with high
visible transmittance and internal walls with high reflectance. The emissions of CO, can be decreased from 19,228 [t/
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year] to 14,421 [t/year].In light of the above considerations, implementing LED lamps rather than fluorescent ones can
provide additional saving of power [5]. This saving is around 30% . In the case of using the LED technology for lighting,
the expected CO, emissions fall to 9,614 [t/year].

3. New transportation system

The number of people who commute to Kyoto University by car is about 1,500 (6% of all students and staff) however,
the amount of CO, emissions is 75[t/year] (50% of CO, emissions in the transportation system)[1]. A new transportation
policy to impose a ¥10,000 tax per year on each gasoline car which enters all campuses of Kyoto University is
introduced. If we assume that half (750 people) stop using gasoline cars, 32.5[t] of CO, emission can be reduced and
¥7,500,000 of tax income can be obtained in a year. We can buy 2 EVs with this income. Then Kyoto University can
apply an EV sharing system requiring a usage fee. We assumed that the EV sharing system plays a subservient role
to the shuttle bus service between Yoshida and Uji or Katsura campus in Kyoto University. The advantage of EVs are
written as below,

(1) CO, emission can be reduced.
(2) If a solar power system is installed in Kyoto University, we can use clean electricity by in the EV sharing system.
(3) Compared to using the shuttle bus service, we can move between two campuses without considering time.

In order to use EV sharing system, the registration is required and many people might not use this system comparing
to the shuttle bus. Then, we assumed that people use the EV sharing system one round trip per day. The distance
between Yoshida and Uji or Katsura campus is about 20[km] and 0.1 [kg/km] of CO, emission can be reduced by using
the EVs comparing to by using the gasoline cars. In a result, CO, emissions by transportation can be reduced by 1.0 [t/
year]. To summarize this section, we can reduce CO, emissions by 33.5[t/year].

In order to reduce the CO, emissions in Kyoto University, we have proposed the concept of a “Green campus.

To achieve this concept in Kyoto University, a double-glazed window system, efficient-lighting system and new
transportation system have been considered. With these three methods, CO, emissions in Kyoto University can be
reduced by 11 % .We can expect that further reduction of CO, emissions could be achieved by introducing these simple
ideas to all campuses in Kyoto University.
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Table 1. Indonesia renewable energy potential. Table 2. China’s renewable energy potential.

Source: Ministry of Energy and Mineral Resources, 2010

.| Installed Theoretical | Economic | Installed
T Potentia e " Percent — tential | © it
ype apacity potentia potentia apacity
l, MW (%)
(MW) ' Type (10°KW) | (10°KW) | (10°KW)
Large Wind 43 7—12 16.13
75,670 4,200 5.6
Hydro 1700
Solar . 22 0.3
Geo 28,530 1,189 42 billion tce
Mini Bi = = 4
n 500 86 17.2 1omass
Hydro Hydro 6 5 196.79
Biomass 49,810 445 0.9 462.65
Geo . 0.2
4 8kWh/ billion tce
Solar 14 | -
m2/d Ocean 6100 9.9
Wind 3-6m/s 14 |- Total S 59
Total 154,510 5,936 3.84

Source: Renewable energy development strategy, China
Academy of Engineering, 2008
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The high growth of economic development in China and Indonesia has caused a sharp increase of energy demand.
Consequently, the development of energy supply should be increased in line with demand growth, with subsequent
increasing impact on the environment due to carbon emissions as a by-product of energy conversion and consumption.
To meet vast growth in energy demand and increase access to the energy consumption, particularly in the electricity
sector, long-term electricity planning in both countries has to be set. Therefore, the aim of this study is to compare
the application of centralized and decentralized systems in two countries in order to achieve a target of low carbon
emissions.

2010 Total Emission (6,861 Mlons (0req) |

mcoal 74.7%
moil 11.3%
mGas 5.0%

M Hydro 4.5%
M Nuclear 1.0%
® Others 0.5%

) m fossil fuel 79.9%
m fossil fuel 70.8%

m Hydro 8.0%
m Nuclear 5.0%
M Bio4.1%

m Solar 6.3%

B Wind 4.3%

W Hydro 8.0%
M Nuclear 5.0%
M Bio 1.9%

M Solar 2.5%

B Wind 2.3%
m Geo 0.5% M Geo 0.4%

| 2030 case 1 (6,59 MTons (0eq) | 2030 case 2 (6,527 Mlons (0eq) |

Figure 1 China’s Energy Mix in current and future (Electricity Production: 2010, 2200MTce; 2030,5500MTce).

mCoal18.7% | 2010 Total Emission (515 MIons CO;eq) |

W 0il 60.1%
W Gas21%

m Hydro 0.08%

M Geo 0.156%

m Coal 18.6% m Coal 43.6%
™ 0il 59.8% m 0il 25.0%
W Gas24.4%
W Gas 21.4% m Hydro 0.11%
B Bi0 6.31%
™ Hydia (06 m Solar 0.15%
® Geo 0.16% = Wind 0.02%
| 2030 case 1 (515 Mlons (0eq) | | 2030 case 2 (476 MTons (0eq) |

Figure 2 Indonesia’s Energy Mix in current and future (Electricity Production: 2010, 166.4TWh; 2030, 667.3 TWh).

We evaluated the long-term electricity planning in two countries, which are going to use different patterns according
to its renewable energy potential, as shown in Tablel and Table2, and its geographical and demography conditions:
the mix of centralized and decentralized systems in China and decentralized system in Indonesia in order to find out
characteristics of demography and geographical conditions, availability and access to energy resources, and growth of
energy demand in the future. The situations are as follows: in China, the population is concentrated in rural areas and
the urbanization level is increasing rapidly. Moreover, the potential of large-scale renewable energy resources such as
wind energy and solar energy is very advantageous for development, in addition to the nuclear power development.
This makes China suitable to develop a mix of centralized and decentralized systems. In Indonesia, the geographical
conditions, as an archipelagic country, makes the development of decentralized system preferable, since the
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development of interconnected grid will require a huge cost.

In this study, we developed two scenarios: Case 1 and Case 2. Case 1 is the scenario developed by the government with
emphasis more on the development of conventional fossil fueled power plants, which are installed in large capacities. In
Case 2 the energy supply mostly relies on nuclear power development and local energy resources, such as hydro power,
biomass and wind, which normally generated in low installed capacity.

The results show that in China, planning to expand the electricity supply by using mix of centralized and decentralized
systems in 2030 results in emissions reduction as compared to the centralized system in 2010, by 334 million tonnes
CO,-eq as shown in Figure 1. Likewise, in Indonesia, as shown in Figure 2, the application of decentralized energy
system results in significant emissions reduction, accounted for about 39 million tonnes CO,-eq of reduction. Lesson
learned from two countries, we found that it is possible to further reduce the CO, emissions by properly using the
decentralized power system which depends on these factors: geographical condition, demography (including center of
energy demand), and energy resources.
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1. JEFEESPEKEATE L Vo T RRE AN, HERGRZERERICENITHE EEA LN TS, FiT
JiFEEE. 2011 4 3 HOMEE—F 7/ IEMO RN 2 X TIEARICET FEEROKN 30% 72 59 [1].
BRIRFEA 2T 5 ETHELRE ZRICT O EMFENTV T, FiLRE 2 < OERDEFIICKRHAT S
K2 o7, R N2 FOVEWEEICIEFREICH S “BILREFRHENENT 5 05 T L ZIEL <FE#T 2
REND B, —)7, BREHBHFRBEREICELOWEIRE LTRZFIEHENTED, 5B TGOIADNRIATNS,
U UL TR/ N U 72 i i3 2 OF IR & 72 2 8B5S AT Y V) VIR LR EHHE B OBE NS T2V —
Y] THROVAREMED D % AL TR RFEERICHD B T IFHEBOEIGHRELATD 30% 05 2011 KD 3%
FTHEPLLBICBT 2B EHBHO “R(EREJHERZRN, BHEOAY ) VEPNA T REEHKEY %
T T, 2020 FICFES HIHD LR FHATRIC £ ORI 5T E 502 Mt LT,

1. Low-CO,-emission technologies, such as nuclear power and electric vehicles (EV) have been widely promoted as
a way to cope with the global warming issue. Nuclear energy, which contributed to about 30% of total electricity
production in Japan [1] before the Fukushima accident in March 2011, had been expected to play an important role
in the achievement of a low carbon society. Though a majority of the population has come against nuclear energy due
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to the accident, it should be properly acknowledged that CO, emissions from electricity generation would increase
with less nuclear utilization. On the other hand, electricity consumption in Japan will likely escalate if the EV market is
expanded as planned. Presently, EVs are regarded as one of the most popular environmentally-friendly technologies, and
its market is expected to expand. But performance of EVs for CO, reduction with electricity provided by an energy mix
with less nuclear may not be advantageous compared with that of gasoline vehicles (GV). In this research, CO, emissions
from the use of EVs were estimated in the case that contribution of nuclear power to the total electricity supply in Japan
decreases from 30% to 3%. Comparing it with CO, emissions from the latest GVs and hybrid vehicles (HEV), applicability
of EVs for the transportation system in 2020 was evaluated.

Total : 956 TWh

Scenario | Scenario 11

Clean energy

T 1
Fossil fuel D e
2.00%
Solar PV,
5.60%

Al fossil fuel
. scenario
Hydro, o,
8.30%.

Others¥
0.80%

Reduced to 2.80%

Nuclear,

Solar, " nclear, 2.80%

0.40% 2 .30%

*Qthers include wind and geothermal Output electricity of Japan (2009) Another possible scenario

: introduction of clean energy

B BREHEORREBEINZ FUF
Fig. 1 Present situation and future scenarios for electricity supply.

2. ¥9, FEFIREBICKZFHEERENEGD 30% M5 3%ICHHD LIcHAIC, EXEBHICK 2 ENTREOHEMITH
J&9 B e OESIERGFHHIC DOV THE Lz, ¥ FUA 1 LT, K LIRS XS ICENNEDZ LA X 2
KIFEETRET2HENEAONS, T VUA 2L LT, HABKICK S 7Y — T 3)bF—HAGHH [2] ICED
TENERBZITS TENEZA LN, YT VA 1 BEZICRINETH S LEZSNEH, BRI CRTEIE AR
ENGEV, 7V =YXV F—ZRIHT S 7 UL 21, BREICIEELWD, BRFEEeA 27 SR HE L 5%,

2. In order to cope with increases demand of electricity due to increase in the number of EVs, fossil fuel can substitute
for the drop from 30% to 3% of electricity supplied by nuclear power in Japan (Scenario 1 shown in Fig. 1). Part of the
drop can be compensated for by the introduction of renewable energy as planned by the Japanese government (Scenario
2) [2]. Though Scenario 1 seems to be feasible, the global warming problem still remains. Scenario 2 with renewable
energy shows high environmental friendliness, but economical feasibility and stable energy infrastructure may not be
equally successful.

3. WS, ¥F VA 1DV T, HWEZEMZ 12 4, FMETTH#EZ 8,300 km (3] & U CHIRER|D " M{LpRHE
HEZREL >/, ZTORRZK2I1ITRY, KB e, HEREORE L LT, &b “HILREH HERLND
BBERNTH B RBAAKNFERZMOIEETE, BAEIHO RURARPHN RIS OV ) VE L A
CETRF O LRI RII RS A < SEEfE TSNS “RILIREZER T 5 L LAHMT 5, it
REHEHRDBRD 5 IH T HIFHEEDRD D 2 AR TRET 2 DOMNREENFEIREZ DD, T OHEITIZEmER O
B ROV ) VHEIZEFAREXTHEA S, BEOLZAENAT Yy FENREEFICEBLVWHETH S
EWVWZ B,

3. Next, CO, emissions were estimated for each type of vehicle with the assumptions of a 12 year lifecycle and a
8,300 km/year travel distance [3]. The results are shown in Fig. 2. Replacement by LNG is the best and most realistic
alternative to nuclear power, while replacement by coal is the worst for CO, reduction. In the former case, even though
CO, emissions from transportation with EVs are less than compared with the latest GVs, total CO, emissions of EVs are
rather high when CO, emissions during production are taken into account. In the latter case, EVs emit as much CO, as
the latest GVs even in transportation. HEVs are the most environmentally-friendly vehicle at present.
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Fig. 2 CO, emissions from each type of vehicle Fig. 3 Comparison of total CO, emissions.

(Latest GV: Mazda SKYACTIV, HEV:
Toyota Prius, EV: Nissan Leaf).

EHIC, SREEOR—ATE L G TSRHEMNH LLEDICHWEABNZ D E LT, 2020 FIc BT %3 H
HOBGE &EITIC & 2 TRILRERIEHFH 2RI U7z (3] ZORERZX 3I1TR s ROV U VH, NAT Yy
FHEBXUERHBHICHOWEADM GRS NNE, “HBIERRPEH R 1990 LNV TR T 2T LD %,
NAT Yy FHEBSHBHOE GV ANE, SEEHfIc k) 5 “MLREOTHHINT 25, EfTRFOH-H
BNEAT BT, RO THALREHIRIEEH DAV ) Y HOAZEA Uit LRI 5,

Total CO, emissions from production and transportation of vehicles in 2020 were estimated from the results above
and the predicted number of vehicles in Japan [3]. The results are shown in Fig. 3. It shows a decrease on 1990 levels
until 2020 by replacing old GVs with the latest ones, HEVs, or EVs. The increase of CO, emissions from production
process of HEVs and EVs cancels their CO, reduction performance in transportation.

4. L7 A2V EIC KB EKHTHFDNA TV v FEOSGEBEFIC BT 5 “H(LRARPEH RO, ¥
F1FEB DRI RO B0%IERT % L PRRENS, SHEBMOSEFHIC KD “BILEEIFH R Z D & 8RR
D, P EZEIMET B eI T3V E UTETIFEEZFIT 5 C L3 shzn e illibnsg,

4. Increased CO, emissions from production process of EVs and HEVs partly because of the use of rare metals would
be further expanded by approximately 30% with less nuclear plants. Unless the production process could reduce the
amount of CO, emissions, the dependence on nuclear power plants as a source of energy may be inevitable to minimize
the emissions.
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Proposal of New Lifestyles to Implement Traffic Mitigation Strategies for CO, Reduction in Kyoto City
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TENHIENT VS, AW TIE NS DB LT, T ¥a 7 VU—RICBT 2 ETHEHEGIREERIC X 5
RIS T %, AWML TIEHEDF 2 N—T L — M DREDEFIC K > TEITRILOEHZED 2 BERZ1T- /2
BAEICET S CO, it mOHEB Ot ziT-> 7 (HEH 11 & 2, KIEH 3 & 4, /KIEH:5 & 6, KEH:7 &8,
SHEH 9L 0), TOBERICKD, Tva 7 T—RHIT 20% DHMmAHIRE N, RBTERE U T HAS@E R % F)
M3 ELEZEN%, AT ERLOSERNIRECRD CO, HEHEIIC R TH B HET S 7zdic, FHETH
DE—THHCHIT 23588 T — X LIFE— T RHC I 3588 T — 2 2 FIW TR 7217 - 7z,

HEHANO 5 DOHSICE I 28T —2h 6 ¥— 27 BOEOH W% 241,959, JE Y — 7 Ko Hl $i %
147,505, ¥— 7RO FRs# % 31km/h, JEE— 7 KD RS % 40km/h & Uz, HESHIC I8 % FH@ s
& 31.9 73 [1][2] BREDFTFEIE T A AT 3 )LF—HD [Fuel economy guide 20121 Kb, ¥—ZKf 10.63km/1,
JEE— 27 12.75km/1 & LTI 217>, 1 BOHIC 1 ADRELTHWS EGELTED., TOfEA, 48932 A
I N HZSEE Z R T 5 2 L &7k %, TT T, MHDOHIC 48932 AEENEHZFIHT 557 (casel)
ERENNRAZFIHT 5555 (case2) #EZ %, casel TREMEORHELEZDXE EH S & HAHH 12 DF)
HOAREZ 130%ICHEME L Z 08N H D | case2 TIEEAIRKIC 250%ICHEME 2080 D 5 T EWIHE MR- T,
BUEOFHTD CO, P (56,463 kg/km) ICLEX, casel Tid (41,759 kg/km 26%Hl3%) . case2 Tl (43,816
kg/km 23%HI[k) | & 7. CO, HEHBE OB FEZFIH L7241 (40,610 kg/km 28%HlJH) &\ I fERAE SN,

EATHmEEHIRECRIC X D CO, BEHEDO KIFEAHIRNRAE NS T EBNARMELSHLEN E R T2h, b
DFERZHEICIF B T=DIiE, FETROARBERICH T 3 HENMFONIZLEND S LICHEITRETDH S, [f
Bc, NHEEEBEOE—IRDOF ¥ 0 T4 ZEDKSICLTHIE LT 200 EELMEL 5,

The use of fossil fuels such as gasoline to drive vehicles leads to large amount of CO, emissions. In the mean time,
numerous vehicles on the road also causes serious traffic jams in big cities. Particularly, during traffic jams, the starts,
stops, and idling of the cars contribute to more CO, emissions than in a normal run. Pollution is, thus, more important
during the rush hours. To solve these problems, limiting the number of running vehicles in big cities during the rush
hours using policy and regulations is suggested in this study.

The proposed policy involves the prohibition of cars running with the last digits in the license plate of 1 and 2 during
the rush hours of Mondays, 3 and 4 during the rush hours of Tuesdays, 5 and 6 during the rush hours of Wednesdays, 7
and 8 during the rush hours of Thursdays, and 9 and O during the rush hours of Fridays. Because the quadruple digits of
license plates in Japan are typically supplied in number order by government. Therefore, with this policy, twenty percent
of cars will be reduced during the rush hours and will alternatively have to take public transportation. To determine
if such a scheme is effective for Kyoto City, relevant traffic data during peak and off-peak hours were gathered and
analyzed.

An estimate of the total number of cars (241,959 for peak and 147,505 for off-peak) and average speed (31 km/h
for peak and 40 km/h for off-peak) were obtained from five points in the Kyoto City grid. The average driving time was
31.9 minutes [1][2]. Fuel economy calculations for the peak (10.63 km/l) and off-peak (12.75 km/l) average speeds
were made based on the Fuel economy guide 2012 of US Department of Energy. The fuel economy of Japanese cars is
1.5 times better than US cars [3] however, for estimating the maximum amount that we can reduce, the values of fuel
economy in US were used.

Aside from the traffic data, public transportation information was also obtained for Kyoto City in order to determine
the available options and CO, emission implications if the proposed policy were to be implemented. Assuming that there
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is only one person per car, a total of 48,392 persons are displaced by the policy. For simplicity, a total shift to train or
a total shift to bus transportation was assumed. From the data gathered, in order to accommodate all 48,932 persons
in the train system during rush hours, train frequency must be increased to 130% of the current load. Or alternatively,
the bus system will have to accommodate 250% of the current load. With this increase in loading, a corresponding
increase in CO, emissions is estimated. The total carbon dioxide emissions during peak hours (considering only unique
commuters of car, trains, and buses) in Kyoto City were computed for four cases: (1) normal case (70.5 g/passenger/
km), (2) switch of all population displaced due to the policy to a zero-emissions mode of transportation (50.7g/
passenger/km, 28% reduction), (3) switch to trains (54.7g/passenger/km, 26% reduction), and (4) switch to buses (52.1g/
passenger/km, 23% reduction).

Although these cases offer a significant amount of CO, emissions reduction, it must be noted that in order to achieve
this, the regulation must be accepted by the people of Kyoto City. Also, the public transportation system capacity must
be prepared to support the increase in commuters during peak hours. Nonetheless, the proposed scheme already shows
a significant amount of CO, reduction, a benefit aside from the reduced traffic congestion, which may encourage people
and the Kyoto City government to implement such measures. Additionally, the future introduction of a carbon tax might
encourage such schemes to be implemented.
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industrial revolution, the energy sources are becoming limited due

to mass consumption. More recently, the share of fossil fuel was
expected to be reduced by introduction of atomic energy. However,
the recent incident at the Fukushima Nuclear Power Plant may
lead to higher reliance on fossil fuel. Therefore, the introduction
of alternative energy from various resources is an urgent task to
reduce the huge demand on fossil fuel.

In this study, we discussed the potential feasibility of utilizing
biomass resources for energy in Japan. First, we surveyed and
compared advantages and issues for each biofuel’s production from
biomass in Japan. The trends of biofuel production were divided to
three generations (Figure 1).

The first generation consists of bioethanol and biodiesel from Excusive EcanomicZane
edible feedstocks such as sugarcane and corn. However, those :
could lead to “Fuel vs Food” issues and increasing price of those

feedstocks [1]. Even if 20% of Japan's current starch and sugar crop Figure 2. Japan’s exclusive economic zone.
production could be spared for biofuels, it would only yield 0.36
Mt of gasoline equivalent. Such a volume of ethanol would displace just 0.8% of Japan’s current gasoline consumption
and 0.2% of its crude oil imports [2]. For biodiesel, if 20% of Japan's current vegetable oil production were devoted to
biofuels, it would yield less than 0.3 Mt of biodiesel. Together with the waste oil and fats, this would provide less than
0.8 Mt of biodiesel. This amount would replace just 2.8% of the economy’s diesel consumption and consequently 0.4%
of its crude oil imports [3]. In the second generation, biofuel is produced from lignocellulosic-based materials. These are
more easily available in the form of waste from the agriculture and forest industry and would not directly affect the food
price. However, technology is still in its infancy with low energy potential (1.9% of Japan's primary energy supply) and
high cost for collection and production [4-6]. Therefore, biofuel derived from algae as the third generation biofuel was
proposed. There is no danger of fluctuating price and it is easily collected because it could be farmed continuously in a
short period of time. The total sum of Japan's territorial sea and Exclusive Economic Zone (EEZ), which is shown in Fig.
2, amounts to 4,470,000 km®, ranking No.6 in the world. If 0.05% (assumption base on Japan Wind Power Association
(JWPA)) of this area could be fully utilized for algae production and biofuel production efficiency is assumed as 137kL
ha' year”, it could potentially provide 10% of Japan's current oil consumption [7-9]. Therefore, it is considered to be
vital for Japan to exploit these oceanic resources for third-generation biofuels.

By analyzing and comparing the characteristics of all three generations of biofuels and their technology development
capability, biofuels from algae seems to be the most promising for Japan.
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Fig.1 Production process of paper documents.
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Fig.2 Electric document devices (iPad and Reader(SONY))[3][4].
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x2 AT —ZFIAO & EFFARBOEE[S][6][7]
Table 2 Assumption of population and operating time by each cases[5][6][7].

) Average operating
Case Population .
time / year / person [h]
Introduction case 1 Population aged between
) 89879000 285. 4
(Newspapers and magazines) 15 and 69 years old
1 1111000 716. 3
2 1145000 761. 3
3 1160000 787.5
Elementary school
4 1180000 813.8
5 1179000 802. 5
Introduction case 2 6 1193000 802. 5
(Schooling) 1 1188000 933. 3
Junior high school 2 1183000 933.3
3 1206000 933. 3
1 1208000 933.3
High school 2 1190000 933.3
3 1212000 933. 3
Introduction case 3(Service) | Service sector 39, 040, 000 1042.9

#3LX4ll, ANz RV F—IHERICHE DOV IZHIRNMIB K UE7E (Pad XU Reader) 139 % 3 A MFF
ifSRAERT, T T, HIRMI X UE FCEOHAMIZ, %4, 3,010 /G] HXT 14.5 1 /kWh ZHE U7z [8]e #&
RELT HANTEFLEEEATEZ IO EMIA NOHIRISEABRAZRL & 8 1JkMIcES T Ehbho
7o

x3 MXEARIO DX METE

Table 3 Result of cost estimation for printing paper.

Paper Consumption* |Energy Consumption Energy Cost
(Mt/year) (kJ/page) Consumption [billion Yen/year]
(GJ/year)
1. Newsprint 3.349 138 92,422,712 278
2. Printing & Communication 9.547 138 263,498,442 793

T4 BFNEBADFVAOIX MEE
Table 4 Results of cost estimation for electric document.

. Initial cost Energy Consumption Cost
Cases Population o o
(billion/Yen) (GWh/year) [billion Yen/year]

. 4,027(iPad) 64.14(iPad) 0.93(iPad)
1. Newspapers and magazines 89,879,000
2,228(Reader) 6.41(Reader) 0.09(Reader)
) ) 634(iPad) 30.38(iPad) 0.44(iPad)
2. Introduction for schooling 14,155,000
351(Reader) 3.04(Reader) 0.04(Reader)
. . 1,749(iPad) 101.8(iPad) 1.48(iPad)
3. Introduction for service 39,040,000
968(Reader) 10.18(Reader) 0.15(Reader)

HEFHEFEOWHEE L 25W (iPad) * 0.25W (Reader) &/hEWw (X2), /o, MEEOTIVF—IHERIIHA
RO 6%THD, THIELEHEDETLTHIKTE 5, X/, MPERICHT B2EKIKDOLGRZ BT E 272, KR
BREOMRE @B LEZEND, BT IV T HEEMPEED 5D 6.7TMt D CO, ZHIL 5 %, il k4 Z5Flm e LT,
OB TR, HRPICHERETE, A7 ¢ ARERORERZ &, & HICAR—Z (1GB = 500,000 N—I X
1000 HDEVA) ZHIH L., MRZEZIC L, KHZEHK L, XEEHOYF 1) 71 28ET 25 EZ2¥TENS,
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EFNHEZEATE5I LT YATLDIAX M2 4J0%HIIEL 5 %,
EFNHEF I —ICBELL, BRICBEWVIIRERLS %2, ThEDFICK D, KT x)LF—HE CO, HITkD
BN, HCEDN SEFLENDNRICE T MG HARENICH L TREL, EZIICDIE EEXS5NS,

In this paper, we introduce a simple feasibility estimation of greenhouse gas and energy reduction if paper-based
documents were replaced by electronic documents. As shown in Fig.1, the pulp and paper industries consume a lot of
energy (about 6% of total energy consumption in Japan) and therefore they emit a large amount of CO, (6.7 Mt)[1]. The
industries of interest consist of the pulp industry, paper making industry (including recovered paper) and integrated
pulp and paper industry. In addition to energy consumption of paper making industries, we also estimated the energy
consumption of multifunction devices and printing which totaled around 6.18 PJ/year (about 0.1% of total energy
consumption in Japan). Waste from paper-based documents is also generated at the consumer side. Therefore, the use of
electronic documents is expected to replace the use of paper-based system to reduce the energy consumption and CO,
emission.

The methods of electronic documents penetration are shown in Table 1.

Table 1. Methods of electronic documents’ penetration.

1) Introduction of the electronic devices (iPad, Reader) & Service improvement

(D To change from the paper service to the internet service for newspapers and magazines.

@) To install the free download server in the station about timetable, route map and information. We can download
to own electronic device (ex. iPad) and browse the information although we did not take leaflets.

@ To introduce the electronic display to the class and the bulletin in Schools.

@ To improve large computer servers in order to make the most use of the download service.

2) Institutional reform & mentality change

(D To eliminate unnecessary handouts in meetings.
@) To avoid printing emails unless absolutely necessary.

3) Introduction of the electronic signature

To use an electronic signhature whenever possible, i.e. payment by credit card.

Concerning the energy consumption of electric devices, we set the case of selected ‘iPad’ and ‘Reader’ as an alternative
for paper-based documents as shown in Fig.2. An iPad is a device using a liquid crystal display. A Reader is a device
using electronic paper. In general, electronic paper is known to have smaller power consumption compared to liquid
crystal displays [2].

Energy consumptions in each case are estimated by multiplying the number of users, utility time (Table 2) and
efficiency of devices (Fig.2). And we estimated the following cases: (1) Newspapers and magazines (iPad:64.1 GWh,
Reader:6.41 GWh), (2) Introduction for schooling (iPad:30.38 GWh, Reader:3.04 GWh), (3) Introduction for services
(iPad:101.8 GWh, Reader:10.18 GWh).

Table 3 and Table 4 show the results of cost estimation based on the energy consumption obtained from the scenarios
mentioned above for both printing paper and electric documents with iPads and Readers. Here, the unit cost of printing
paper and electric documents were assumed to be 3,010 [Yen/GJ][8] and 14.5 [Yen/kWh][8], respectively. As a result, it
was found that the reduction of annual cost apart from the initial cost of the electric devices is about 1,000 billion yen
by the replacement of paper using electric documents in Japan.

Power consumption of electronic devices is low - in the range of 0.25W - 2.5W (Fig.2). The paper industry’s energy
consumption is 6% of total energy consumption in Japan which can be reduced by using electrical document. Moreover
6.7 Mt CO, which is emitted from the pulp and paper industries (around 500 Mt CO, emitted from total electricity
generation in Japan[1])is expected to be reduced somewhat. The case of electronic devices has several other advantages
like easy handling and quick spreading to all over the world, it may improve office/school efficiency, free up office or
school space for more valuable use [1 gigabyte = 500,000 pages or 1,000 thick books], it is easy to search which can
save time, improve document security (Digital signature and different document control method) etc. By using electronic
document cost savings could be 40% for an office or business system.

Electronic documents can be user friendly and show good effect on the environment. Due to these several advantages,
especially energy consumption and CO, reduction, replacement of paper documents by electronic documents would be
expected to provide benefits to society and the environment.
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