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Departure from Country with many disasters, Nippon (Abstract)
Chief of the Tohoku Branch,
The Institution of Professional engineers, Japan Yoshikawa Kenzo

The world goes to the social construction that is preventibn of global warming (reduction of the
CO0,) and sustainable development. Poor Japan of Energy, resources adds it to being a mass
import of resources country, and there is heavy snowfall in concentrated downpour, the winter
with an earthquake, a tsunami, a volcanic eruption, a typhoon and the front and carries big
Handicap called the disaster large country on my back.

In Japan, the pacific coast of the Kanto district whole area was attacked from the Tohoku
district at 14:46 on March 11, 2011 by a giant earthquake called M9.0 and massive tsunamis more
than 10m in height, and many cities of the Sanriku coast suffered crushing damage, and a dead
person, the missing person more than 20,000 occurred. A nuclear power plant operating by this
disaster in addition to this in Fukushima suffered from it and lost the cooling function of the
nuclear reactor, and it was a catastrophe to wake up a radiation leak.

The restoration of the disaster was expertise of Japan, but has not experienced the nuclear
plant accident so far. The damage does not remain for the refuge of neighboring inhabitants and
opens for the radioactive contamination of agricuiture, live stock farming, the fisheries product
and is expected when I am big, and the total damage exceeds half of the national budget and falls
into the state that it is not permitted a guess in the Japanese future.

Japan regarded the issue of Energy as disaster prevention separately until now.

However, I would let you realize the danger of our country not having independent Energy
some other time and importance of the disaster conquest (disaster prevention) in the country
again, and the accident of the nuclear power generation in “the East Japan great earthquake
disaster” was a chance to review an atomic energy policy.

Because the nuclear power generation has been done with a national policy as a trump card of
Clean Energy solving Energy, environmental problem, depopulation measures in poor Japan of
resources, the dependence on nuclear power generation rate is big and comes to carry 25% of
total generation quantity.

Therefore, you must overcome a préblem within the present policy until what leave for the
de—nuclear power generation promptly is not realistic, and the substitute (Alternative)Energy
industry that is influential in the country is brought up because there was this accident.

I review “a safety level” of System for the time being and will continue the operation while
planning the safe improvement of the existing institution.

If I review “a safety level” of System for the time being and change , a viewpoint, the natural
disaster is intensivephenomenon of Energy. (Hot Spot)

If control finishes being over this Energy, Japan can overcome an earthquake (tsunami) and
two disasters of the flood. ‘

Furthermore, it can become the country having abundant resources, Energy.

To that end, I switch a Japanese disaster prevention strategy to a preemptive attack type



from a strictly defensive only national security policy type and should change it into the country
which can apply a country in resources.

Specifically, I detect Plate Energy concentrated in the sea near the shore of Japan by large
depth Boring and precision elastic wave exploration as bedrock Stress concentration points and
develop a technique to take out as Energy before this Stress is released as an earthquake and a
tsunami. Time of Start is important for this Project, and it is the best now.

Furthermore, it accumulates effectively without throwing away the rain which it rains on a
country of Japan in the sea idly and is to carry out “a country water jar design” to provide in the
countries to lack of the water.

It is calculated as a test when I need time of 50 years and a fund of 200 trillion yen in total in
these two projects. This looks like numbers enormous at a glance, but is feasible enough if there
are economic power and technology of Japan.

It is time to propose the plan for national 100 years I regard this disaster as big Ghance, and
Japan puts Energy, an environmental problem and the issue of disaster together now, and to
solve it.

This project will give big hope and courage to the nation like an American Apollo plan. .

And, in the future in Japan, I will become splendid.
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HA®D Energy IR A2HRKOMNEMNIT & KEFEHFBIE

KELER (BERILZE)

Abstract

In Japan fossil fuel accounts for 80% of energy supply. And almost of
supply depends on overseas countries. The amount of coal consumed is
going on increasing. Stable supply of coal is important for Japanese
development. For collaborative relationship with developing countries
which produce coal, training program for mining engineers is enforced.
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SEZHRMENON OV BIRALEORBE 2> T b H, Energy ft#A I
BVWT—EDREAZHo TWwE2ARDPIHARZHMBL., BERKCRVWTEDE
ERBEORRED —RELTERENRTVE, ELtEOEMEFICTT 20
BREFECIO>VWTHBANT 5,

2 1RO Energy ##5E S

5 @ Primary energy OMEBRMEBR L EZEEBNEHREB LR CA
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B Asia [23317 A Infra #EEFSEH OB
WY FRE TR

Abstract : Industrial revolution took an initiative role to urbanization and construction of
infrastructure. Europe was a front runner. East Asia followed it after a long term. Once it broke, the
speed of conmstruction is amazingly fast. Pushing-forward mind made us concentrate to only
construction. As a result maintenance issue has been left behind. Necessity for maintenance has
been recently cited. Conventional inspection methods, which highly rely on human works, do not
function well. Instead, total management system using huge database is expected to work well. We
introduce recent tendency on maintenance works in East Asia region by showing actual examples.

1. ¥
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Project Management and #1ER—J& Cruise

HWFHE (BfTL/RR. ISREE, REENER)

Abstract

The author participated in the 86 days’ around the world cruise and enjoyed
himself in its attractive programs on board a gorgeous ship of the old good days.
He has been applying the project management which he had learned through his 46
years’ career as a civil engineer, to his daily peaceful life after retirement.
So he laid out an elaborate plan for him to achieve his targets esteeming the
cruising life as a project in advance. During the whole navigation he carefully
watched human, safety and geology which have always been his concern. He was amazed
by the emergency drills on board because of no discipline nor active incentive,
was forced to change the call ports due to the burst of riots in the Arabic countries,
was escorted against the possible pirates’ attack by the worships of the Japanese
Self Defense Force along the land and around the offshore of Somalia and was shocked
with the breaking news of the East Japan Earthquake Disaster in March. The author
is to introduce some events through the view point of the project management in
addition to the features of this unforgettable cruise.
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5 18 HIAIZHEY CHEL THERE—FB L, BE 0L (EE15504L)DIF LA ER
AAR N2 727 Crew BRER IR A T, A OARBIZAATELEE -7,

2. Project Management i H

FAITER L A& H17EEH] (Professional Engineer, 7| =A}) & N5 E1%24 Consul tant
DOHEZREEZ R T 2REBF/EHT O LA & LT Project Management [LX
TPM] (ZERAE JE]) OHE~DEREEEHOBEE L LETBY, 2E/MERBRLE

[Project Management and &4 (%5 39 B BN +o%) OWELZLUTIZRMN T3 :

DProject X TREMM(ZEELSTe) D AZEN Tean TEIC L 5 RBIEOFT T Lk
DRHY., BEEROTDIIR HESNA/EE] THDH, PMIL (Schedule HERAE
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IR, HBAADORECEREZRETIFIE] Thad, BTt (BRE) ekt
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HEREO S EHNGRD M EITI, TOE, B-112R L7z Trade of f (B (234§
B L RIS, FEELERE THRES D TV 5 Risk Management(http://www.roudoukyou
ku.go.jp) & AT %, Trade-off is a situation where you make a compromise between two
things, or where you exchange all or part of one thing for another in consideration of
maintaining each factor within its appropriate range. 52 |~ Risk="Possibility X Consequence
TEFAM T & %, Project I231F 5 1 B#Z 13 SMART(Specific, Measurable, Agreed, Realistic,
Time constrained){Z5% &35 (Just Enough Project Management/ Curtis R. Cook, The
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Photo-2 Workers wear no safety gears. Photo-3 Workers in Peru wear all gears.
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Abstract

This study is performed based on experience on past disasters and our
achievements on planning BCP with construction industries. The new
management method is expected on disaster recovery. In this study, in
order to introduce a new concept of the regional continuity management,
in which it is important to maintain the social function in the daily
living area of residents in the post-disaster period. Introducing this
method we will achieve the necessary disaster reduction measures and
determination of priority for disaster restoration with the points of
view of local residents. Because we believe the highest priorities on
disaster recovery are the life of stricken area residents and the
maintenance of social function in the stricken region.
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B OEXR (JL#)

Abstract

Do you know how the word Forensic Engineering. For easy
understanding, will be better explained using a similar concept
"forensic medicine”. We will introduce Forensic Engineering and

framework for analysis of accidents and incidents in industrial
fields.
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Abstract
Base of the technological ethics activity of the author is“ET no KAl 7.
“ET no KA!” started and became year seventh. After it starts of ET,
the author is involved in the project and the activity as the management
member. In this report, it introduces “ET no KAl” and the activity case
(ex.Regular meeting, the meeting for the study of technological
ethics, Technology Gafe, Engineering Ethics Education in Science and
technological university & College of Technology, etc.) .
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INF A (M)
A voice of "We should reduce nuclear power generation, and switch to
renewable energy” rose after Fukushima nuclear plant accident occurred.
However, can we really switch to renewable energy? I would like to inspect
the possibility of renewable energy of Japan, and mention the role of
engineer.
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Latest Technology of Air Conditioning against Global Warming
Countermeasures in Japan (Room and Commercial Air
Conditioning System)

Takeo Tokiai (Chemistry and Dr. Eng)

Abstract

This paper introduces the latest technology and the history of
development about air conditioning system in Japan. In particular, it is
reported that the key technologies in terms of heat exchanger,
compressor, inverter and electric motor make rapid progress for saving
energy. Moreover, | introduce that the topics and the view of the latest
technology of air conditioning friendly to human and nature will
contribute to save energy against global warming countermeasures.

1. The change of saving energy in Japan
The change of saving energy (SE) was the sequence of events and
progressed as shown in Figure 1 in Japan.

~ 4000
E 3500 —mc —8— 4.0kW class (A company in Japan) ‘_
% 000 Sequence of events(1990~2010)
= 3
& c00 [Four key technologies]
2 .
2 Jo00 Heat transfer
‘s L]
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£ sm *Inverter
=
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Year
Fig.1 Decrease of electric power of consumption (4.0kW class)

It would be cheap at half that the price of present power rate (about
28,000yen) as comparison with 15 years ago. The electric power charge
of 28,000 yen at present is half as much as that of 15 years ago. What is
the reason why increased SE? It was found that SE increases as follows.

(1)The development of four key technologies for SE since 1990

(2)The good influence of law for SE as well known “Top Runner

System” which Japanese government adopted the policy since 2005

It should be cleared the excellent target of SE of air conditioning
system (ACS) which was decided with “Top Runner System” as well as
copy machine, TV, refrigerator, and microwave oven etc. After all, many
manufacturing maker of ACS should be cleared the excellent target



which was reached the highest SE. Then, the performance of SE was
accelerated to increase about ACS and other electric appliances for
home and commercial uses.

2. Principle of air conditioning system

ACS is harnessed heat transfer with compressed gas (refrigerants).
This heat transfer is caused air conditioning with drawing heat from
indoor to outdoor. In the opposite direction of heat transfer, ACS is
heating. Principle of this system (ACS8) is shown in Figure 2 (CO:
refrigerants). Co,

o (o1d Water

: Gas Cooler
| el 116t Water

Evaporator =

" Compressor

Fig.2 Principle of air conditioning system (COgz refrigerants)

3. Four key technologies of air conditioning system

There are four 1important key technologies. Heat exchanger
technology functions to heat transfer between refrigerant and air.
Compressor technology is to compress refrigerant. Electric motor
technology functions to rotate compressor. Inverter technology operates
electric motor efficiently. Four key technologies are advanced, and so, it
is realized that Japanese ACS has the highest performance of SE in the
world.

3.1 Development of heat exchanger technology

Heat exchanger is composed of tube and fin. Tube material is copper
mainly, and fin shape is thick aluminum plate. It is important that
surface area of heat exchanger is increased for contacting air. In case of
ACS, for example, heat transfer route is “room air= fin= tube=
refrigerant” on indoor machine. Heat is taken in room. Conversely, heat
transfer route is “refrigerant = tube = fin = outer air” on outdoor
machine. Heat on room is released outdoor. The heat exchanger is
evolved that thermal conductivity increases and heat transfer is
expanded. It is devised to 1increase surface area and thermal



conductivity that fin shape and inner tube are various and complicated
as shown in Figure 3. In addition, heat exchanger is tried to accumulate.
As a result, the performance of heat exchanger is twice as much as that

of 20 years in Japan.

The change and high-performance of heat
exchanger using air system
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3.2 Development of compressor technology

The input power of consumption accounts for amount to about 80~
90% on compressor. Consequently, efficiency of compressor is increased
in decreasing load of electric motor. The ratio of imput power of
consumption in air conditioner is shows in Figure 4.

There are several types of compressors. The mechanism of compressor
as well known rotary type compressor is introduced. Inner structure of
rotary type compressor is cylinder - shaped. There are composed of
roller and vane in space. Cylinder has suction port and discharge port.
Electric motor turns round, refrigerant is suctioned and compressed.
This compressor mechanism is shown in Figure 5.

The electric power of consumption accounts for
amount to about 80~90% on compressor

Compressor (A) Outer fan (B) Indoar machine (C) Other (D)
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“ Fig. 4 Distribution map of inﬁut | Fig.5 Mechanism of rotary type com-
power ACS (Swing type) pressor (right - handed rotation)



Compressor performance (» » X 5 v) composes of mechanical efficiency
(7 m) and volume efficiency (7 v). When roller is rotated, friction is
produced between vane and roller. The friction increases electric power
and decreases mechanical efficiency (7 ).

On the other hands, when compressed refrigerant leaks on contact
point of between roller and vane, the amount of circulation of
refrigerant decreases. As a result, volume efficiency (» v) decreases.
The greatest concern for the present is how to increase mechanical
efficiency (7 w) and volume efficiency (7 v) of compressor.

It is necessary to increase mechanical efficiency (9 m) and volume
efficiency ( 7 v) that processing precision of parts of a machine
improvement, materials strength increases, part weight lightens, and
various parts are developed to decrease friction.

As well known other typical compressor, for example, are scroll type
compressor, screw type compressor, and swing type compressor etc.

3.3 Inverter technology

Before inverter technology spread, alternating current (AC) motor
was rotated at characteristic frequency (for example 50Hz or 60Hz in
Japan). Accordingly, when indoor room temperature decreases, AC
motor is stopped. When indoor room temperature increases, AC motor
is started. Control of motor switch on and off to keep fixed room
temperature, again and again. However, after inverter was introduced,
inverter makes rapid progress of controlling room temperature.

Once function of inverter is convert alternating current (AC) to direct
current (DC), and is convert AC at another frequency. The inverter
changes frequency of AC periodically and freely. And then, the change of
frequency is able to rotate motor variably. Hence, the inverter is able to
control room temperature fully, and operate to ACS at the best condition
of fuel efficiency as shown in Figure 6.

Until set up
temperature without
inverter

Short time to reach
set up temperature
with inverter

With inverter | —————s\d 5L i F‘lxed temperature with
" . T inverter at low frequency
Without inverter

Fig.6 Inverter technology of controlling ACS (Daikin Co. Ltd. HP)




3.4 Electric motor technology

The realization of ideal control at the best condition of fuel efficiency
has been involved in development of electric motor technology. Electric
motor 1s evolved with innovative technology. The innovative technology
is called IPM (Interior Permanent Magnet) motor. IPM motor structure
is composed of rotating rotor to insert magnet. Formerly as well known
IPM motor principle, however, it had been much difficult to make
practicable IPM motor. The practicable IPM motor was made first in
Japan and it has been used since 1996 in the world.

Conventional electric motor rotates with using force (magnetic
torque=F1) which pulls against each other between outer magnet and
rotor magnet. On the other hands, IPM motor force composes magnetic
torque (F1) and magnetic reluctance torque (F2). The advantage of IPM
motor is to use two forces (total motor torque of F1 and F2) at the same
time as shown in Figures 7 and 8.
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As a result, IPM motor realizes to set up room temperature sooner
than conventional motors do, and has high performance of SE. Moreover,
the strong point of IPM motor has been able to rotate within the range

of low frequency as shown in Figure 9.
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Because of rotation within the range of low frequency, inverter is able
to control room temperature in detail and contribute to save energy. At
the present time, frequency is about one thirds and lower than that of
10 years ago. The IPM motor technology can be applied to hybrid car and
other field of study. The IPM motor attracts a great deal of considerable
attention to realize saving energy of making great strides.

The developments of technology concerned with heat exchanger,
compressor, inverter and IPM motor have advantages which have been
improve to save energy and will be contribute against global warming
countermeasures (GWC) in Japan and world.

4, Future of air conditioning system
4.1 Non-stress, human and nature friendly air conditioning system

In the future, the request of ACS is comfortable space (house) as well
as SE, cooling and heating. For example, the concrete requests are
humidity control, air stream control and clean air control etc. Put ACS
in another way, it is called “non-stress, human and nature friendly air
conditioning system (ACS)”

The comfortable the wind - chill with controlling humidity and air
stream, and the change for the worse of atmosphere to prevent with
automatic clean air system have been taken concrete shape. The notable
technologies are various sensor of feeling man existence which is
controlled air stream and temperature to correspond man position and
motion in space (house and room). These sensors are able to feel amount
of man activities, and have the function which prevent the space from
cooling and heating too much.

4.2 View of air conditioning system

The demand of ACS will be increasing in the world. , It is expected
that Asian demand of ACS will expand explosively and this market size
is about thousands millions. In addition, European, North and South
American are interested in high SE of ACS. Their demand will expand
gradually, because of heat wave and consciousness of GWC.

The world market have been grown, the latest commercialization of
new model will be keen competition more and more. However, the high
technology of Japanese manufacturing maker (MM) has attracted a
great deal of other country MM and public attention. The Japanese
excellent technologies (JET) are now the driving force behind the world
technology of ACS, and go ahead very much.

Finally, the writer will hope that JET is contributed to WCS and both
interesting and instructive for Korean MM and Korean public attention.
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The trend of sustainable building
of pharmaceutical laboratory in Japan
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Abstract

Pharmaceutical companies have made various efforts for CO2 reductions,
because pharmaceutical research laboratories have been so called “The highly
energy consuming buildings®. [n this paper, sustainable architectures are
introduced for pharmaceutical laboratory buildings. Those are selected as
leading projects of CO2 reduction in Japan. The methods of sustainability have
varieties that include passive design, mechanical and electrical engineering,
visualization of energy consumption for building users (researchers), workplace
productivity of researchers.

1. Background

1.1. Features of Laboratories: Compatibility with
“Safety for human body” and “Energy saving”"?
Factory employees of pharmaceutical companies take part
in energy saving actively and have positiveness for CO2
reduction. On the other hand, in pharmaceutical
laboratories, it was difficult to show the effect and
outcome of efforts to reduce CO2 by researchers. Because
research activities have complex process and priority for
researchers is to get research results and drug
discoveries. Most of laboratories are highly energy
consumption buildings, which contain much exhaust for
safety of human body against chemical materials. Fresh
air intake is balanced by exhaust for laboratory facilities, the air change rate is
20~ 60 air-change/h, compared with office building of only 1~ 2 air-change/h.
Much volume of ventilation consumes much energy, but it is difficult to reduce
exhaust for laboratory facilities simply. Because codes and regulations require
the face velocity of sash opening of fume hood, so that it is important to reduce
air volume with keeping rules. In recent years, VAV(Variable Air Volume) system
is introduced which operates together with sash opening of fume hood.

)

Face —
velacity :

Figure 1
Face Velocity

1.2, Global Warming ,
Absorption by plants and sea assist CO2 balance on the planet. However, since



the industrial revolution, the amount of carbon dioxide is increasing that is
emitted by human being. Density of CO2 in the atmosphere has been growing
every year. In order to stabilize the concentration of CO2, it is necessary to
balance the amount of emission and absorption.'® According to the data of
20077, total global CO2 emission is 28.83 billicn t- CO2. Among them, the rate
of Japanese emission is about 5%.

1.3. The Tohoku-Pacific Ocean Earthquake

Earthquake that occurred on March 11, 2011 caused tsunami. And nuclear power
plants in Fukushima Prefecture stopped working. Therefore, the capability of
electrical power supply reduced. As Japanese people, it is important to conserve
energy.

2. Overview of the Sustainability for Pharmaceutical Research Building

2.1. Viewpoint of Architecture

(1) It is necessary to have passive design to take in daylight and to control solar
heat load.

(2) Mechanical and eiectrical engineering is also important. Facilities are
required to eliminate the waste of water, air volume, heat and electricity.

2.2, Viewpoint of Researchers

(1) It is necessary to make scheme to address energy conservation. And it is
important to make the visualization of energy consumption for users.

(2) Attractive communication spaces and meeting spaces are required to
improve research intellectual productivity.

3. Governmental Support for Sustainable Building Construction®®

In Japan, the whole nations are making efforts to reduce CO2 emission. However,
the amount of CO2 emission of residential sector and office sector have
tendency to increase. Therefore, as a part of the effort, Government (Ministry of
Land, Infrastructure, Transport and Tourism) have carried out a scheme that is
calied "Leading business of CO2 reduction for residence and building ". The
scheme is financial support to leading projects of sustainable architectures.
Opening the resuits of these projects to the public is expected the next three
things.

(1) The other projects will refer to sustainability.

(2) Energy consumption of whole country will reduce.

(3) Market value of residences and office buildings in Japan will Increase.

This paper introduces two construction projects of pharmaceutical laboratories
that have been selected as leading projects of governmental support scheme.
The details are as follows.



4. Details about Sustainable Methods of Pharmaceutical Laboratory
Building
4.1. Takeda Pharmaceutical Company Limited Shonan Research Center!*I(5
(1)Outline of Architecture
a) Architect; Plantec Architects INC, Takenaka Corporation
b) Address; Fujisawa, Kanagawa Pref.
c) Site area:250,000 m, d) Total floor area;308,000 m, e) 10Floors
f) Construction Schedule; Jun. 2009~Mar.2011
(2)Passive Architecture
(2-1)Landscape design _
The site has been located in the biotope network area. Based on the design
concept of "A Laboratory in a Forest", the waterfronts (spring, pond) and
woods have been conserved in the site.
(2-2) Architectural planning
Typical laboratory has tendency to be designed as closed and massive
building. In contrast to typical laboratory, this building has been separated
several parts to introduce natural light, wind, greenery, and view. In
addition, the following elements have been introduced.
a) Green roofs
b) Blinds and solar shading fins
c) Roof top windows
(3) Advanced mechanical and electrical technologies
Various techniques have been installed to eliminate the waste of energy
consumption by lighting,ventilation,heat,and water.
(3-1) Techniques to eliminate the waste of lighting; natural light utilization,
motion sensor lighting, LED, high-efficiency lamp
(3-2) Techniques to eliminate the waste of ventilation; VAV air conditioning
system, air conditioner (air volume which has been linked with exhaust
air volume), night mode air conditioning
(3-3)Techniques to eliminate the waste of heat; recovering exhaust heat
system, high-efficiency.refrigerator, large temperature difference cold
water supply
(3-4)Techniques to eliminate the waste of water; recycling water of drainage

of air conditioner, water saving closet bowl and urinal, inverter pump for
pure water supply
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Figure 2 Advanced CQO2 reduction technologies

(4) Energy management by visualization for users

Environmental communication tools have been installed to make users have
awareness for environment-friendly. The tools are fume hood control system,
BEMS (Building Energy Management System), solar panels, photovoltaic
street lights.

The reduction of CO2 emission for this building has been estimated about 30%
compared with average laboratories.

(5)Communication Spaces for workplace productivity

Various meeting rooms and refresh rooms have been located along the
corridor to communicate with other research teams formally and informally.
These [ayouts aim to create serendipity, and researchers are expected to
develop many medicines.

4.2. Shionogi Pharmaceutical Research Center(SPRC4)'’

(1)Outline of Architecture

a) Architect; Takenaka Corporation

b) Address; Toyonaka, Osaka Pref.

c) Site area:34,627.97 m, d)Total floor area;44,000 m, e)5Floors
f) Construction Scheduile; Sep. 2008~Jul.2011



(2) Architectural planning
Corridors have been located around the building. The corridors have the role of
thermal buffer zone. This part is called "The Triple Louver Skin System". This
system is composed of three |layers of walls and window frames and louvers.
This system has contributed to control the heat load in the building.
Workplaces have been located the center of the floors, and the workplaces
have various interior design. These various workplaces increase the
communication of researchers, and improve intellectual productivity of
researchers. Indirect natural light has been introduced into the center of the
building which is reflected from the penthouse.
(3)Mechanical and electrical systems
High-efficiency equipments have been installed for CO2 reduction.
a) High-efficiency lighting fixtures
b) Fume hood of air volume saving type; 40% reduction in the amount of
exhaust (but the safety for experiment is kept)
c) Recovering exhaust heat system; exhaust heat loss from laboratory is
recovered
d) Hot and cold water supply with large temperature difference; by taking
large temperature difference between supply and return for air conditioning
e) VAV air conditioning system; ventilation to match the exhaust with fume
hood sash opening
f) Inverter control pump; inverter conirol system fits the cold or hot water
supply volume to the heat load
g) Night mode air conditioning; 20% reduction of airflow rate at night
(4)Energy Management
Visualizations of conservation efforts and visualizations of waste of energy
have been operated by using BEMS effectively. The visualizations have been
expected to make researchers have ecological sense. In-house eco-points
have been planed as incentives for ecological sense of researchers. By
opening the ecological activities of this laboratory to the public, the
information will contribute to the CO2 reduction in Japan.

5. Conclusion

Mechanical ventilation such as fume hood has been installed to control air
quality around people (researchers) in laboratory. The amount of the ventilation
is not able to decrease easily because of regulations for face velocity at fume
hood sash. As a feature of laboratory, energy consumption by air conditioning
load is higher than that of office building. Therefore, in order to reduce air
conditioning loads, it is important to install not only the energy-saving
ventilation system but also the user's visualization system.

In this paper, new methods have been described for the sustainability of two



pharmaceutical laboratories construction projects. These projects completed
just this year, and both projects have been selected as leading projects of CO2
reduction and sustainability in Japan.

| hope that all buildings will continue to improve the sustainability not only in
Japan but also in the world by spreading the technologies introduced in this
paper.
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Abstract

The focus of this present work is concerned with a novel and facile method for obtaining
colored Ag nanoparticle films using an aqueous solution of sulfide as a coloring agent. In the
presence of calcium sulfide, the color of the films, initially sliver, changes to pale yellow, deep
yellow, purple, blue and green. On the other hand with sodium sulfide, the color of the film
does not change very much. We found that the key technology in obtaining successful color
changes is to control the temperature of the calcium sulfide solution and the dipping time of Ag
nanoparticle films in the solution. Our scanning electron microscopy studies indicate that the
color of the films depend on the particle size of the surface Ag nanoparticles. This direct and
simple method is very practical. One of potential applications of the Ag nanoparticle films is
the application as imaging materials.

1 Introduction

There has been increasing interest in Ag nanoparticles which have various colors. For
example, Jin and co-workers') have reported that colloidal Ag nanoparticles which have
spherical morphology can be converted into larger ones which have prismatic
morphology by photoinduced method. The light-irradiation process results in Ag
nanoparticle colloids which have a variety of colors depending on the irradiation time.
However, from the industrial point of view, this irradiation process in the colloid system
is not preferable since it requires 70 hours for the conversion of Ag nanoparticles.
Recently, we have discovered a novel method for preparing colored Ag nanoparticle
films.?) In this method, the target for color change is not Ag nanoparticle colloids but Ag
nanoparticle films. More specifically Ag nanoparticle films made by sliver mirror
reaction are colored by dipping them in an aqueous solution of calcium sulfide. To the
best of our knowledge, this is the first time to control the colors of Ag nanoparticle films
by using chemicals.
Our method does not require any coating process. Therefore the method has at least three
advantages which distinguish it from that previously reported.’: 1) controlling colloid
stability in a coating liquid is not necessary: 2) quick color change with low energy can
be expected since only color treatment to the surface (not bulk) of the film is required:
and 3) applications as imaging materials can be expected since it is possible to print
contents on Ag nanoparticle films using the calcium sulfide solution as an ink.
It is of great industrial interest how to control the color of the Ag nanoparticle films.
Therefore, in the present work, we focus on the relationship between the preparation
conditions and the resulting colors of Ag nanoparticle films. It is also of great scientific
interest to elucidate the mechanism of the color change of our Ag nanoparticle films. In
order to address the mechanism, these Ag nanoparticle films have been characterized in
terms of their surface morphology and particle size by scanning electron microscopy.



2 Experiments

Ag nanoparticle films prior to the color treatment
were made by sliver mirror reaction. Synthetic
procedure of the Ag nanoparticle films was described
in the literature.”
Typical procedures for coloring Ag nanoparticle films
were carried out as follows: 4 pieces of ca. 10 x 10
mm Ag nanoparticle films stick to tips of chopsticks
were dipped in a 50 ml of a 5 w/w%, 40 C aqueous
solution of calcium sulfide. The dipping was allowed
to 20, 60, 100, and 200 sec. The surface of the pieces
turned pale yellow, deep yellow, red and purple,
respectively as illustrated in Fig.l. The pieces were
then picked up, rinsed by de-ionized water, and dried
in air. The same procedures were repeated for the
coloration of the Ag nanoparticle films, changing the
temperature and the concentration of the calcium
sulfide solution (see Tablel). The same procedures

were also repeated in the presence of sodium sul
solution.

Scanning electron microscopy (SEM) studies, in order to,

20 60 100 200 (sec)

Fig.1 Schematic diagrams showing

1dﬁle coloration of Ag nanoparticle

film in an aqueous solution of
alcium sulfide.

observe the surface morphology of the Ag nanoparticle

films, were made using a Hitachi S-4800 instrument at an

operating voltage of 3.0 kV.

3 Results and discussion

Some of representative colored Ag nanoparticle films are shown in Fig.2 with their
preparation conditions. As described in the experiment section, our colored Ag nanoparticle
films can be easily prepared by dipping them in an aqueous solution of calcium sulfide. It can
be said that this direct and simple method is more practical than the complicated method

previously reported.”

A summary of the experimental data showing the relationship between the preparation
conditions and the resulting colors of the Ag nanoparticle films are presented in Table 1.

(a) (b) (c)

(d)

Fig.2 Ag nanoparticle films dipped in CaS; (a) non-colored Ag
nanoparticle film, colored Ag nanoparticle film dipped (b) 20 sec,
(c) 100 sec, and (d) 200 sec in a 5 w/w%, 40 ‘Caqueous solution

calcium sulfide.



Table 1 Relationship between the preparation conditions and the resulting colors of the Ag
nanoparticle films; the calcium sulfide concentration of (a) 1%, (b) 5%, (c) 10%, and (d) 20%,
respectively.

{a} caleium suffide concentrationof1% {b} calcium suffide concentration of 5 %

temperature of the solution /£ °C

temperature of the solution 7 *C

30 40 50 80 30 40 70 &0
ale deep ale dee
20 | P2 d Bl e P =
vefii;aw y:itow e ue 20 vellow  yellow red Blue
dipped | gg | P2° cep urple  gresn dipped pale deep
Hme yellow  vellow PYP £ dme 80 vellow  yellow purple  green
Jsec | 100 | P2E red blue  green 100 | Pa® red blue  green
8 yellow / sec yellow £
. pale
200 vellow purple  green  brown 200 yi ;!:w purple  green  brown

{c} calcium suffide concentration of 10%

temperature of the solution / C
a0 490 50 60

{d) calcium sulfide concentration of 20 %

temperature of the solution / °C

30 40 50 50

20 | oy yelow 9 b 0| P SR T e
i) AR Y I R
fsec 100 yt;lfw red  blue  green /sec 100 Y‘;ﬁfw y‘:ﬁv blue  green
200 yif}‘:w purple  green  gresn 200 Y:;E-w surple  green  brown

Comparing Table 1 (a)-(d), we found that the concentration of the calcium sulfide, at least in
the range of 1-20 w/w% does not affect the color change of Ag nanoparticle films very much.
On the other hand, as shown in columns in Table 1 (a)-(d), there is clearly a strong correlation
between the color change of Ag nanoparticle films and the temperature of calcium sulfide
solution. Essentially, as shown in rows in Table 1 (a)-(d), the same trend is observed in the
relationship between the color change and the dipping time of Ag nanoparticle films in calcium
sulfide solutions.

In other words, the key technology in obtaining successful color changes of Ag nanoparticle
films is to control the temperature of the calcium sulfide solution and the dipping time of Ag
films in the solution.

() (b) (c) (d)
Fig.3 Ag nanoparticle films dipped in Na2S; (a) non-colored Ag

nanoparticle film, colored Ag nanoparticle film dipped (b) 20 sec, (c)
60 sec, and (d) 100 sec in a 1 w/w%, 50 Caqueous solution sodium

On the other hand with sodium sulfide, the color of the film does not change very much as
shown in Fig.3.



(a) Non-colored piece (b) Colored piece

Fig.4 Scanning electron micrographs of (a) non-colored piece and (b) colored piece
(5 w/w%, 40 TCcalcium sulfide solution, 200 sec dipped) of Ag nanoparticle films.

Why the Ag nanoparticle films change their colors in the presence of calcium sulfide solution?
In order to address this question, the surfaces of the Ag nanoparticle films are characterized
using SEM. The scanning electron micrographs depicted in Fig.4 show the non-colored piece
and colored piece (5 w/w%, 40 C calcium sulfide solution, 200 sec dipped) of the Ag
nanoparticle film. The particle size of the non-colored piece (Fig.4 (a)) has particulate
dimensions in the range of 10-60 nm. Clearly the particle size of the colored one (Fig.4 (b)) is
larger than the dimensions of the non-colored one and the range is in 50-100 nm. Thus the
particle size may play an important role in the coloration of the Ag nanoparticle films.

It is well known that metal nanoparticles can absorb visible light of various wavelengths due to
surface plasmon resonance and the wavelength depends on particle size, particle shape, and
local refractive index.* In the case of Ag nanoparticles, as the diameter of the particle increases,
the peak plasmon resonance shifts to longer wavelengths. For example, Oldenburg® observed
that the peak plasmon resonance of 400 nm at the Ag nanoparticle diameter of 30 nm changes to
that of 500 nm at the diameter of 80 nm. The absorbance of green light around 500 nm
corresponds to the reflection of red-purple. Therefore, it can be said that this observation is in
reasonably good agreement with the purple color shown in Fig.2 (d) of the Ag nanoparticles
depicted in Fig.4 (b) whose diameter is in 60-100 nm. Thus with regard to the color change of
Ag nanoparticle films, the surface plasmon resonance due to the particle size change of surface
Ag nanoparticles can, a first approximation, be considered as one of the driving forces of the
coloration.

4 Application areas of the Ag nanoparticle films

Our color-changeable Ag nanoparticle films have a number of potential applications including
coating materials, imaging materials and optical memories, since the film is easy to prepare,
low cost, and applicable to a large area. Promising candidates are the applications as imaging
materials. And one of interesting candidates as imaging materials is for use in nail arts. In this
potential application, an aqueous solution of calcium sulfide acts as a color agent for coloring
nails covered with Ag films made by sliver mirror reaction.

Finally we note that our Ag nanoparticle films have not only unique colors but also properties
of metal, such as catalytic effect and electrical conductivity.®) Therefore, there may be lots



more applications in the other fields. For example, given well-documented antibacterial activity
of silver, the Ag nanoparticle films might have biological applications.

5 Conclusions

We described the preparation and characterization of novel colored Ag nanoparticle films
which have a wide range of potential applications. It is found that the key technology in
obtaining successful color changes of Ag nanoparticle films is to control the temperature of the
calcium sulfide solution and the dippfng time of Ag films in the solution. Our SEM studies
indicate that the color change of the Ag nanoparticle films may come from the surface plasmon
resonance due to the particle size change of the Ag nanoparticle films by dipping in the solution
of calcium sulfide.
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