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The role of professional engineers in future science and technology 
 

Takehiko Tomita (Industrial Management) 
  

Abstract 
 First I introduce “GLOBAL TRENDS 2030 ALTERNATIVE WORLDS” by National 
Intelligence Council (USA). Next, prediction data of Japanese population will be introduced 
and accordingly the tendency of declining number of children and increasing of the aged will 
be pointed out. It is shown that the choice on policies for future in Japan must be the 
promotion of future science and technology. Lastly over-all policies for science and technology 
brought by Council for Science and Technology in cabinet office, Japan and the role of 
professional engineers in future science and technology will be noted. 
 
1.  

10 15 20
NIC: National Intelligence Council GLOBAL TRENDS 2030

ALTERNATIVE WORLDS”( 2030 2012 12  [1])
 

4 1 Report 
 

4 Megatrends 2030
6 Gamechangers

Scenario 4 Megatrends
 

4 Megatrends 4  
 

 
 

Energy  
NIC

10
1 1.25 dollar NIC

2010 2030 5
15 20

India EU
10 0.6 Asia 2030

9  
2030 GDP
4 2030 Asia

Model 2020
1 Model

2040 Peak 2016

－ 3－



India Peak 2050 India
 

2012 71 2030 83
4 2012

45 Post Germany 2030 Asia
Post 25

2012 80 2030 50 1950
25 3 2012 71

5 35 2030 83 6 49
 

2030 35
40 100 India 2030

Energy Shale gas
NIC Energy

Energy IEA 2007 2050 Energy Energy 4
2030  

NIC  
 

 
2.1  

2013 7 1
[2] 0.51 86.41 2

0.50 1947 50 54
80 86 60 30

 
2012 1

[3] 1-1 1-2 
3  

1-3 Pyramid  
1-1  

2010 1-2 
 
 

2035  
33 3 1  

1-3 Pyramid  
 

(2012 ) 

－ 4－



 

 

－ 5－



 

－ 6－



2.2 4  

1995

10
5 1996

5  
3.11 2011 8  

2 4 4 [4]
Theme 3  

  
  
  
4

Post
Timing

Innovation
Innovation

4  
  
 Green innovation  
 Life innovation  
 Innovation System  

5  
  
  
  
  
  
4 Innovation

 
 

2,3 Map 
2004

[5]  
  
  
 Robotics 

－ 7－



 Contents 
 Service 
 Energy Service 
 Business Service 

2005 Road mapping Management tool
Road map

1) Management tool 2)
3) 2005 2010 Rolling

2010 Map 8 31
[6] 2010 Map 5  

 
2.4 Innovation  

2001
Leadership Innovation

 
2007 6 2025 20

Innovation 25 Lehman shock
Innovation 

25 Follow-up  
2011 3 11

Energy

Innovation
 

2013 6 Innovation
[7]

5 2030
 

Innovation
 

－ 8－



 
 

 

－ 9－



 

 
 

 

(2)  
 

Career pass  
 

(3)  
 

(1)
 

 
 

(2)  
(3)  

 

 

 

－ 10 －



Information and Communications  
 (1)  Semi-conductors 
 (2)  Storage and non-volatile memory 
 (3)  Computers 
 (4)  Networks 
 (5)   Usability 
 (6)  Software 

Environment  
 (20) C02 capture and storage 
 (21) Reduction of fluorocarbon and 

development of fluorocarbon substitutes 
 (22) Reduce reuse and recycle 
 (23) Comprehensive control 

of chemical substances 
Energy  

 (24) Energy 
 (25) Superconducting technology 
 (26) Secondary battery  

Nanotechnology and Components  
(7)  Nanotechnology 
(8)  Materials and components 
(9)  Fiber technology 
(10) Green sustainable chemistry 

Soft Power  
 (27) Human life technology 
 (28) Services 
 (29) Contents 

Integrated System and New-Manufacturing
(11) Robots 
(12) Micro-electromechanical system 
(13) Design and production 
(14) Aircrafts 
(15) Space 

Strategic Crossover  
 (30) Sustainable monodzukuri technology 
 (31) Metrology and measurement system 

 
Biotechnology  

 (16) Drug discovery 
 (17) Diagnostic and treatment equipment 
 (18) Regenerative medicine 
 (19) Industrial bio 

 

5 Map2010  

－ 11 －



Innovation  
3.1 2030 Vision[7] 

 2030 Vision
3  

(1) Top class  
(2)  
(3)  

2030 Vision
5

 
(1) Clean Energy system  
(2)  
(3) Infrastructure  
(4) ' ’  
(5)  

5  
 

3.2 Clean Energy system [7] 
 

Clean Energy
Energy system  

 
6 Clean Energy system  

   
Clean Energy

Cost  
( ) 

(1) Energy
 

 
 

(2) Clean
 

 
 

(3) Energy   Methane hydrate
 

Energy

 
 

(4) Device
Energy  

 Device
Motor  

(5) 
Energy  

 
 

(6) Energy
 

 Energy management
 

Energy network
 

 

(7) Energy
Network system  

 
 

(8) Energy
 

 Infrastructure
 

－ 12 －



3.3 [7] 
 

 
 
7  

   
 (1) 

Evidence  

 

(2-1) 
 

(2-2) 
 

(2-3) 
 

(2-4) 

 

(3)  iPS

 
(4) 

 
 

(5)   
(6) Genome cohort

Bio-resource-bank
 

 

(7) 
Care  

 

(8)   

 
(2-4) 

 
 

(3)   
(8)  BMI

 

 

(9) 
 

 

 
3.4 Infrastructure [7] 

 

－ 13 －



Infrastructure
Infrastructure

Infrastructure  
 

8 Infrastructure  
   

Infrastructure
 

(1) Infrastructure
 

 Infrastructure 

Resilient
 

(2) Infrastructure
 

 
 

Infrastructure

 

(3) System   

(4) Infrastructure   

 
3.5 [7] 

 

 
 

9.  
   

Innovation

 

(1) Genome
  

(2) 
  

(3) Robot
System  

IT Robot
 

Resilient
 

(4)  3Dprinter
 

(5) Service Business
 

Service
Service
 

(6) 
 

 

 
3.6 [7] 

 

 
 

－ 14 －



10  
   

(1) 

 
 

 
 

(2) Energy 
System  Energy  

 

(3) 
Business model   

 
(4) 

Infrastructure  
 

 

(5) 
  

 

 
[7] 

2013 6 Innovation
Innovation 11

 
11 Innovation  

  
Innovation  Leadership

 
Innovation hub

 
 

Innovation system
 

 
 

 

Innovation 7  

 

 

 
11 Innovation system Innovation

3

－ 15 －



3 Category

Engineer
Engineer Resource

 
 

 
[1] GLOBAL TRENDS 2030 ALTERNATIVE WORLDS by The National Intelligence Council 
Dec. 2012 ( 2030 2013 4 ) 
[2] 24

http://www.mhlw.go.jp/toukei/saikin/hw/life/life12/dl/life12-04.pdf 
[3]

http://www.mhlw.go.jp/stf/shingi/2r98520000021dhc-att/2r98520000021dit.pdf 
[4]  4  
http://www.mext.go.jp/component/a_menu/science/detail/__icsFiles/afieldfile/2011/08/22/1293
746_01_1.pdf 
[5]  
http://www.meti.go.jp/committee/downloadfiles/g40517a40j.pdf 
[6] Map  
http://www.meti.go.jp/policy/economy/gijutsu_kakushin/kenkyu_kaihatu/str2010/Chap.1.pdf 
[7]   Innovation  
http://www8.cao.go.jp/cstp/sogosenryaku/honbun.pdf 

－ 16 －



 

 

 
 
 
Abstract 

I am a professional engineer living in Matsuyama Ehime, a member of the 
Institution Professional Engineers ,Japan (IPEJ) and belong to Shikoku regional 
head office. I’m taking regional activities of technology concerned. They cover a 
part-time lecturer in the university, diagnoses and supports on energy savings, 
examinations and consultations in environmental management system for 
medium-and-small size companies (ECO-Action 21), and also a lecturer of 
environmental studies in primary schools, junior high schools, public halls, 
neighborhood associations and companies. Here I introduce one of the activities, 
which is a family accompanied summer school on environmental studies. 

 
 

ECO-LEADER 1

PROGRAM  
 

CENTER 
2  

  5  
  30  

HINT  20  
  10  

  50  
  5  

 
POINT 

ENERGY ENERGY ENERGY
QUIZ  

ENERGY

－ 17 －



SURPRISE  
PACK

 
 

 
 

 
INTRODUCTION  

RUSSIA QUIZ  
 

OZONE
 

 
ENERGY GAS

 

 
 

 

 
ENERGY ENERGY ENERGY  

ENERGY  
 

ECO-DRIVE  
 

 
 

FILM BLIND  
ENERGY  

ENERGY  
ENERGY or ENERGY  

HEAT PUMP

－ 18 －



SHALE GAS METHANE HYDRATE  
 

EV New  
ENERGY  

 
Ni-Cd Ni- Li-ion NaS  

ENERGY 
 

ENERGY  
 

 
 

 

 
 ENERGY  LABEL 

－ 19 －



 
 

 
 

Nd  
 

HEAT  PIPE ALMINUM PIPE PIPE  
FILM 2 FILM  

GUM GUM GUM  
 

 
 

 
PACK  

 
 

 
 

 
 

－ 20 －



QUESTIONNAIRE  
LIFE STILE CHECK  

 
 

90

1 50  
 

 
QUESTIONNAIRE

 
BOOMERANG PET BOTTLE

ECO- SOLAR CAR ROBOT
 

 
 

SURPRISE  

 

 
 

 

 
 

 
 

[ ] 

 
LIFE STYLE CHECK 25 
 

LIFE STYLE CHECK  

[ ] 

－ 21 －



[ ] 

2013  
(CARBON  FREE  ENERGY) GAIABOOKS  

 
ENERGY 2012 ENERGY

CENTER  
ECOLOGY 2013 1 9  

ENERGY 2013 1 9  
2013 1 9  

NEDO focus 2013 No.49 
ENERGY ENERGY

CENTER  
ENERGY CATALOG 2013  

SEMINAR FORUM  
 

－ 22 －



－ 23 －



 

LIFE STYLE CHECK 25 

－ 24 －



 

 

Energy

Abstract Solar energy is expected to be one of the most promising energies in the future. 
Comparison between generation and consuming of electricity in a house equipped with solar panels 
has been done over one year. It was shown that the electricity is almost fully supplied by the solar 
panels. Evolution of new energies can effectively improve human lives only with a help of minding 
consuming attitudes to be more save conscious. 
 

Energy

Energy
Energy

Energy Cost
Energy

Data

Data 42
1 Data

Energy

20 Energy
 

Data 1 2012 4 2013
3

Data  
 

－ 25 －



6395kWh 5942kWh
93%

Energy

Mega solar
2012
Mega solar 8% 1) 

Energy

Energy
Energy Cost
Cost Cost

 
1 2012 4 2013 3

－ 26 －



 Paperless

Computer Paperless
Energy

Media Merit
Email

Spam mail
 

 Hybrid
Hybrid Energy

2

 

Energy

Energy
Energy

  
Energy

Co-generation
2011 6% 2030

4) 

Pool
 

 
 Mass transportation  

20
Nantes France

2 Energy

 

－ 27 －



 
 

13 Ton

Energy
Food waste

11

Food loss 4

 
Air con Energy

Energy
Entropy

Energy Maker Level

 Air con
Air con

 Air con
Air con

Energy Energy

Energy 

 
Hybrid

2 Tram Nantes France  

－ 28 －



 
Energy

Freiburg
Germany Energy

3) China Energy
Showcase

 

 
 

 

Data Data
Source Level

Data

Energy

 
 

1) , , 
2012.10 

2) Homepage World food losses and food waste”, Dussdorf 2011
http://www.fao.org/docrep/014/mb060e/mb060e00.pdf  

3) Freiburg Report  
(http://www.eco-freiburg.com/solution.html) 

4) Energy Cogene” 2011.9 
http://www.enecho.meti.go.jp/policy/cogeneration/1-1.pdf  

－ 29 －



 
system  

100 system  
 

 
c e n t e r  

 
Abstract 

After the Great East Japan Earthquake,  Japan has shifted to prevent 
the disaster from "Disaster Prevention",  assuming the disaster to the 
"crisis  management".  

In this paper,  we introduce a "3D-VR hands-on risk management 
education and training system" which is  developed for the improvement 
of  crisis  management capacity of  the human. 
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Abstract 

More  and more  people  have  become worr ied  about  landsl ides  because  o f  many 
recent  d isasters .  
How do  landsl ides  happen?  What  should we do  to  prevent  them? What  is  the  s ign 
o f  them? For  us ,  technical  experts ,  i t ’s  more  important  to  te l l  the  answers  to  
these  quest ions  to  the  publ ic .  
As  one  o f  the  best  ways  to  make them understood better,  I ’d  l ike  to  show two  
model  tests  by  use  o f  th ings  around us  here .   

One model  test  i s  “Rainfal l  Causes  Landsl ides” ,  which enables  even chi ldren 
to  eas i ly  understand “how the  landsl ide  happens”  we  cal l  i t  pore  water  
pressure  mechanics .  The other  one  “Landsl ides  and I ts  Prevent ion”  is  made o f  
bo l ts  and nuts ,  and helps  us  to  explain  how the  s lope  with  many ta luses  and 
cracky rocks  breaks .  I t ’s  a lso  useful  to  explain  “ the  natural  h i l l  re inforcement  
method o f  construct ion”  and “ the  anchor ing  method.”   I  have  performed these  
model  tests  at  many places  such as  local  br ie f ing  sess ions  o f  the  construct ion,  
d isaster  prevent ion learning soc iet ies ,  event  meet ing  p laces ,  schools ,  expert  
educat ion places  and academic  conferences .  Many people  looked surprised  at  
and interested  in  what  they  watched actual ly.  

I  hope  this  wi l l  lead to  a  chance  o f  you reconsider ing  the  necess i ty  :  technical  
experts  ourselves  should  te l l  d isaster  mechanics  and i ts  prevent ion to  local  
res idents  and chi ldren who wi l l  be  handed our  land on in  the  future .  
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(CASE) 

An example of engineering ethics   
-A case of protecting a nuclear power station from damage 

by an earthquake and the induced tunami- 
                                Akio  IZUMIDATE ( ) 

                                                    
 Abstract 

In the Great East Earthquake ,Onagawa Nuclear Power Station (NPS) 
of Tohoku Electric Power Company survived  undamaged, which surprised 
IAEA’ International Seismic Safety Center.1),13) The main reason is the 
location(14.8 meters above sea level) of the nuclear power station. At the 
planning phase ,Yanosuke HIRAI insisted that the elevation of nuclear power 
station should be 14.8 meters ,citing the trace of tunami induced Jogan 
Sanriku  Earthquake (in the year 869). He had to persuade many engineers 
who objected him saying it was overdesigned .20 years later,, Hisashi ABE  
and some engineers went on to examine and analyze the Jogan Sanriku 
Earthquake  in their own way and explained it more logically. About forty 
years later , HIRAI’s assertion and also  twenty years later ABE’s analysis 
were verified , at 2011 respectively. 
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Takaaki Tabuki (Information Engineering) 1 

  
Abstract 

Trend in information and communication technologies is reviewed and 
expected applications of emerging ICT are shown. While problems of our 
country include aging society with fewer children, new technology should 
relax the problem. In addition, our country has the energy and environmental 
problem, and this problem should also be controlled by the new technologies 
with optimization. A role of professional engineers is shown in relation with 
new technologies and the related problems.  

Energy

 

1. Introduction 
Capability of computers used for information processing has been well developed and will be 

progressed as in the past, both in processing performance, hardware size, power consumption 
and price. In accordance with the processors capability improved continuously, 
telecommunication technology has been well advanced and will open a new era. Today, mobile 
devices such smart phones and tablet computes are very popularly used both in business and 
home environment.  

Both computers and devices connected to them are expected to be well developed toward 
smaller size, lighter weight and lower power consumption, in the future. Bandwidth of 
communication channel will also broadened by new technology, and which, then, provides us a 
new communication environment in which many devices are connected to the internet via 
wireless communication. Energy harvesting technology will assist and boost the new 
telecommunication environment. 

Mobile devices will be very popularly employed for personal use, and devices will become 
small and light, enough to be wearable. Sensor devices will be located in home, office, factory 
and public space, and they will acquire data from an environment and deliver data via the 
Internet. Internet Protocol Version6 (IPv6) will become common, and most of computer devices 
will connect to the Internet using IPv6. 

Roles of professional engineer in such future ICT environment will be discussed in 
conjunction with problems of our country in future. 

                                                  
1 Tabuki Associate e-mail: ttabuki@oct-net.ne.jp 
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2. Expected ICT in future 

2.1. Progress in hardware 
CPUs of computer system have been 

developed constantly, and which is 
known as Moor's law for more than forty 
years. "More Moor" and "More than 
Moor" will be pursued in future. Those 
will open new devices in combination. 
[1].   

Trend in computer use environment 
that peoples prefer tablet type computer 
rather than PC is already seen today. 
While sales amount of tablet computers 

is growing, sales amount of PC is 
decreasing. Cellular phones are being 
replaced by smart phones which are capable of LTE/3.9G(4G). Major carriers in Japan  are 
now providing with 3.9G(LTE and WiMAX) wireless mobile connection(25Mbps(uplink)
75Mbps(downlink)). 4G telecommunication method which provides with 50Mbps  1Gbps 
bandwidth will be realized in future. 
 For super computing technology employed in massive data processing, TOP500 is known to be 
high performance computers listing. The listing has shown that performances at every year 
have grown exponentially as a whole and the tendency is expected to be in place in the future.  

2.2. Progress in software 
The internet has been developed by computer software especially with their openness. Most 

of standard software has been developed by volunteers all over the world to enhance security, 
quality and performance. Also new software has been developed to replace existing software to 
provide with good security and performance as open source. Software development with open 
source scheme will be used in the future. Linux operating system has been developed as an open 
source, and many distributions exist today. Linux is run on large size computers, imbedded 
computers and smart phones. And a lot of free software on Linux is available today. Most of 
famous software vendors are positive to the open source, and think that joining to the open 
source scheme will help their business. 

2.3. Progress in telecommunication technology 
Digital signal processing technology has been expanding bandwidth of communication 

channel.  Analogue broadcasting signal had been replaced by digital data which is easy 
transmitted via telecommunication channel (IP TV). This became possible since available 
bandwidth of communication channel is more than that of required bandwidth. At least there is 
no boundary between telecommunication and broadcasting business. In our country, legislative 

Fig. 1 "More Moor" and "More than Moor" from Ref.[1]
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change is being taken to merge telecommunication and broadcast laws. 
  Other than FTTH, both Wifi and WiMax will expand bandwidth. DOCSIS3.1 which stands for 
Data Over Cable Service Interface Specifications 3.1, will be employed in future for cable TV 
coaxial cable line.  DOCSIS3.1 will provide uplink bandwidth of more than 200Mbps and 
downlink bandwidth of over 1Gbps, and which is more than FTTH.  

Standards Bandwidth  
Wireless 
LAN 

802.11g 54Mbps 
802.11n 300Mbps 
802.11ac 1.3Gbps 

WiMAX 802.16e 74.8 134.4Mbps 
LTE  100M(down) 50Mbps(up) 
4G WiMAX2/802.16m > 1Gbps 

LTE-Advanced 50Mbps 1Gbps 
DOCSIS DOCSIS3.0 now 300Mbps(down)  100Mbps(up)  
DOCSIS DOCSIS3.1 10Gbps(down)  2.5Gbps(up) 

Table 1 Data transmission capabilities of media 

2.4. Change of information and communication environment due to advanced technology 
As with prices of digital devices become inexpensive, network devices will be more popularly 

used for our life. Most of network devices will connect to the internet through IPv6, in future. In 
addition to PC smart phone and tablet, sensors and controllers will connect to a network 
connecting to the internet. One example of such network is HEMS (Home Energy Management 
System) which controls energy consumption minimized at house and building. 

Bandwidth of communication channel between the internet and house will be enough to 
transfer television signal. Spatial restriction of viewing TV will be removed with wireless 
communication.  

2.5. Expected application domain 
Since we, in Japan, have serious problems which should be overcome in the future, it is 

strongly expected to apply the ICT technology to the problems. 
 To support aged people as aging society with fewer children advancing. 

 As family size get small, which is a tendency of recent years, large numbers of  aged persons 
live alone and by themselves. Though not living alone, need of help to support everyday life of 
aged peoples will be demanded. ICT will be effective for helping not only those who are 
dependent on care, but also family who cares the aged person. Even today, some type of life 
support system is running as a trial where shopping at supermarket can be done at home and 
purchased items are delivered to the house. 

 To enhance efficiency of work force when a number of working peoples will decrease. 
As younger population falls, absolute working population decreases in our country. ICT will be 
employed for optimizing productivity. For example, ICT is used in agriculture to collect data 
from sensors placed at farm field and to send control signal to actuators from remote.  
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 To solve energy and 
environment related problem. 

 Since our country has very limited energy resources, we need to enhance and optimize energy 
use efficiency. In order to do so, temperatures at target space should be measured by 
thermometers placed in the space to control devices and energy flow. ICT will play an important 
role to realize optimized energy consumption over country wide area, which should contribute 
to the global environmental problem, i.e., global warming.    

2.6. Network Security 
 As personal computers have become familiar to peoples, malicious programs, i.e. computer 
virus, have been developed along with. Some viruses programs work destructively in PC, while 
other works like Trojan horse. Historically, computer viruses have been developed to have a 
function of self-reproduction, then virus detection program have been developed to detect the 
viruses. However, in recent years, some viruses are designed to attack very small number of 
targets and are hard to be detected by virus venders. Such malicious programs are designed to 
steal sensitive data and/or ID and password. Though security technologies have been developed, 
attacking computers through network have become complicated. We have to pay careful 
attentions to those PC and device which connects to the internet, in the future. 
 

3. Roles of professional engineers 
 The above mentioned problems should be overcome from political, economical, technological 
and moreover from management aspects. In technological approach, newly developed 
technological means could solve the problems. However, in the expected applied domain, 
combination of improved technologies will be employed to the problem. Though controls to the 
problem may strongly depend on politics and economy, we, at the same time, should seek for a 
technological way, and which is a role of engineers. 
 Connectivity of devices to the internet will be more important than today. The internet has 
been not necessary secure in history, and which was causes of security incidents. We should pay 
attention to the security issues to keep ICT safe and dependable. Professional engineers should 
consider controls of not only technology aspect but also management and human aspects. 
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 In  the process of  sc ience and technology of  today have been deve lop ing,  
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Maintenance Cost  

 
 

Abstract 
My company, K.Techno Inc., 100% owned by Toyo Kanetsu 
Solutions K.K. (TKSL), provides maintenance service to TKSL 
customers. Their service covers whole Japan through their 
service network consists of locally established service centers. 
In the past, management information gathered from each 
service center was not utilized for unified operation and 
management of the company. As a matter of course, there were 
a lot of consequent bad effects, those were caused by leaving 
important management matters to each service center. 
The system I introduce hereinafter is constructed to solve this 
situation by strategically integrating several management 
functions for such as business, account and sales, cost and of 
other daily works at each service center.  By means of this 
system, any authorized persons are able to know the actual 
management status of the whole company in real-time at their 
network PCs 
 

Maintenance  
K-Techno Inc.

 

Cost System

PC
System  
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24 365

 

Abstract 

Solutions co. Ltd. (TKSL), provides maintenance service to TKSL
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In  Korea,  Apple  Inc.  had di f f iculty in  sell ing 
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How should we cope with increasing CO2 in pursuing a low-carbon society
 from a point of material-cycle ? 

 
Abstract 

Science & Technology for the establishment of a Low-Carbon Society  is an 
urgent issue for all. Carbon Capture and Storage (CCS) is being implemented globally as 
a powerful card to reduce CO2 released to the atmosphere. Another approach is to use 
CO2 as a feedstock, which is also in line with Japan’s goal of establishment of a Sound 
Material-Cycle Society ( ). The approach of carbon utilization includes Carbon 
Capture and Utilization (CCU), carbon utilization through algae, etc. and can be 
regarded as a more desirable option from a point of sound material-cycle. 
 
1. Introduction 

On May 9, the daily mean concentration of CO2
in the atmosphere of Mauna Loa surpassed 400 
ppm for the first time since the measurements 
started. It marks an important milestone because 
Mauna Loa, as the oldest continuous CO2 
measurement station in the world, is the primary 
global benchmark site for monitoring the increase 
of this CO2. 
 
2. Challenge of climate change                                               

CO2 pumped into the atmosphere by fossil fuel 
burning and other human activities is the most 
significant greenhouse gas (GHG) contributing to 
the climate change. Its concentration has 
increased every year since the measurement 
started in 1958. The rate of increase has 
accelerated from about 0.7 ppm per year in the 
late 1950s to 2.1 ppm per year during the last 10 
years.  

There are a couple of CO2 emission scenarios, 
among which 2°C scenario (2DS) is the focus of 
Energy Technology Perspectives 2012 by IEA, in which it indicates there could be a 80% 
chance of limiting average global temperature increase to 2°C. It sets the target of cutting 

 [1] 
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energy-related CO2 emissions by more than half in 2050 (compared with 2009) and 
ensuring that they continue to fall thereafter. Importantly, the 2DS acknowledges that 
transforming the energy sector is vital, but not the sole solution: the goal can only be 
achieved provided that CO2 and GHG emissions in non-energy sectors are also reduced. 
The 2DS is broadly consistent with the World Energy Outlook 450 ppm scenario. The 450 
ppm scenario sets out an energy pathway by limiting concentration of GHG in the 
atmosphere to around 450 ppm of CO2. 

IEA’s target-oriented BLUE Map Scenario sets the goal of reducing global 
energy-related CO2 emissions by half by 2050 (compared to 2005 levels) and examines the 
least-cost means of achieving that goal through the deployment of existing and new 
low-carbon technologies.  
 
3. Reduction of CO2 emissions to the atmosphere 

A current understanding of the data trend has lead us to think that we must make 
changes in the way we generate electricity, heat our homes and move from place to place. 
These changes include developing more renewable energy sources such as wind and solar, 
switching to less carbon-intensive fuels from coal/oil to natural gas and generally being 
more energy efficient. While these changes are taken place, there has been a new trend to 
exploit non-conventional fossil fuels such as shale gas or oil because of the development of 
mining technology. As fossil fuels are again expected to be widely used in the coming 
decades, something must be done to reduce CO2 emissions made from their continuous 
use. 

 
4. What is CCS? 

CCS is a technology to prevent large 
quantities of CO2 from being released into 
the atmosphere from the use of fossil fuel in 
power generation and other industries. CCS will 
make a vital contribution to the CO2 reduction 
efforts, when coupled with other low-carbon 
technologies. CCS is composed of capture, 
transport and storage stages. Carbon capture is  
a separation process of CO2 from other gases 
produced when fossil fuel is burnt for power 
generation and in other industrial processes. Once separated, CO2 is recovered, 
compressed and transported to a suitable site for geological storage. At its storage site, 
CO2 is injected into deep underground or under the seabed for rock formations, often at 
depths more than one kilometer.  Some of the recovered CO2 are commercially used to 
enhance oil recovery, or EOR. Most of the technologies needed for CCS are already being 
used in a variety of industries, but are yet to be widely applied to power generation and 
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industry at commercial scale. 
To achieve the BLUE Map target, OECD regions must lead in the demonstration phase 

then CCS technology must spread rapidly to the rest of the world.  
In order to develop CCS in a manner that it is in line with internationally agreed 

knowledge and standards, ISO/TC was established in October 2011. In addition to CCS 
technologies, other issues such as health, safety and environment, storage robustness, 
legal issue for the storage implementation and public perception of CCS are being 
addressed, discussed and evaluated. 

 

 
 

Recently a word of “CCUS” comes into use, which represents Carbon Capture, 
Utilization and Storage. This is because a significant expansion of CO2-EOR will require 
volumes of CO2 that cannot be met by natural CO2 sources alone. Thus, not only does CCS 
need CO2-EOR to help promote economic viability for CCS, but CO2-EOR needs CCS to 
ensure adequate CO2 supplies to facilitate growth in production. To this end, the US 
Department of Energy has rebranded CCS as CCUS to include the ‘utilization’ of CO2 for 
the added extraction of additional hydrocarbon recovery.  
 
5. What is CCU? 

Another approach is to use CO2 as a carbon feedstock or resource rather than storing it 
in the deep underground or deep sea, which is Carbon Capture and Utilization or CCU. 
While CCS is a technology to remove carbon from the economy, CCU takes CO2 from 
point sources and converts it into commercially valuable products. CCU could maintain 
security in the supply of fuels and commodity chemicals traditionally relied on 
petrochemical feed stocks. Petrochemical prices are linked to crude oil prices and 
fluctuation can lead to supply and price instabilities. By utilizing CO2, it is possible to 
retain carbon with a cycle. Carbon is trapped in a permanent form to produce 
construction materials and polymer, or stored energy from of synthetic liquid fuels.   
 

[3] 
 [4] 
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5.1  Basic concept of CCU and its application 
When it comes to CCU, CO2 is firstly captured and recovered as with CCS and sent to a 

facility to utilize CO2 to produce various chemicals, fuels, etc.  CO2 can be converted to 
methanol or dimethyl ether (DME) by catalytic or electrochemical hydrogenation. 
Further reaction of methanol with hydrogen makes diversified synthetic hydrocarbon 
products (HCs) as below. 

CO2 + 3H2  CH3OH + H20  
CH3OH + nH2  Synthetic HCs  

H2 is produced by electrolysis of water 
using renewable energies. The energy 
sources to produce H2 is quite flexible, 
however H2 is currently produced from 
syngas based on fossil fuels such as 
natural gas or coal.  

CH4 + H2O   CO + 3H2 
CO2 reforming utilizes CO2 as a 
reforming agent for synthetic gas production from natural gas.   

CH4 + CO2  2CO + 2H2 
When combined with steam reforming, which is bi-reforming of methane, provides 
methanol as below. 

3CH4 + 2H2O + CO2  4CO + 8H2  4CH3OH 
Optimum reaction temperature of bi-reforming of methane is 800 – 1000°C. Required 
energy for the reaction is provided by the external sources of different kinds.   

Features of bi-reforming process are 
(a) CO2 can be used as a feedstock in the steam/ CO2 reforming process,  
(b) A simple setup is possible compared with conventional process and  
(c) Carbon deposition is suppressed when the noble metals is supported on a metal oxide 

carrier.  
 
One example is JOGMEC process 

which produces syngas from natural 
gas by bi-reforming. The syngas 
goes through downstream Fischer 
Tropsch (FT) synthesis to produce 
synthetic hydrocarbons such as 
methanol and DME. Bi-reforming 
process eliminates oxygen generator, 
CO2 removal unit and synags 
conditioning.  

 

 [5] 
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 Existing Plant
Natural Gas = 96,000Nm3/h Methanol
Steam/Natural Gas = 3.33 125 t/h

 Existing Plant w/Catalyst Replacement
Natural Gas = 118,000Nm3/h Methanol
Steam/Natural Gas = 1.36 125 t/h
CO2/Natural Gas = 0.36

New Plant Acetic Acid
31.2 t/h

Bi-Reforming
Methanol
Synthesis

CO/CO2
Separation

Acetic Acid
Synthesis

Steam
Reforming

Methanol
Synthesis

Proteins

Light Bio-Oils

CO2 O2 w-fatty acids

Ingredients food,
feed, cosmetics

Animal feed

Nutrients Chemicals

Water Soil conditioners

Fuels, bio-diesel,
ethanol, methane

Algae
Cultivation

System
Harvesting Processing Agua culture

The CO2 reforming catalyst attains 
minimum input of the total feed gas versus 
product syngas in the lower ratio range of 
steam and CO2 where carbon deposition is 
possible. The new catalyst is less active for 
carbon formation than widely used Ni 
supporting reforming catalyst. 
 

Application of this bi-reforming process  
shows an outstanding economical 
advantage for fuel and chemical 
production through syngas. As an 
example, methanol production (125 t/h) 
needs natural gas (96,000 Nm3/h) and 
steam by the conventional steam 
reforming and methanol synthesis 
process. When the conventional catalyst 
was replaced with a bi-reforming catalyst along with some facility adjustment, the same 
amount of methanol was produced by reducing steam/natural gas ratio. In order to 
compensate for the volume reduction, extra natural gas and CO2 were added to produce 
acetic acid as a by-product with the throughput of 31.2 t/h and the steam/natural gas 
ratio was reduced from 3.33 to 1.36 with CO2/natural gas ratio of 0.36. 

In order to further CCU projects, a catalyst appropriate for a target product must be 
developed, evaluated and verified from not only a technological implication but 
economical feasibility. As CCU utilizes CO2 as a carbon feedstock, a product market and 
supply chain must be a necessary condition for the penetration of this technology.   
 
5.2 Other CO2 utilization processes [7] 

CO2 utilization is increasingly recognized 
as a method by which global CO2 emissions 
can be reduced in an economical manner. 
Considerable researches are being conducted 
in many directions to develop the economic 
viability of processes that utilize CO2. 
Biomass conversion to fuels is one of the most 
intensively pursued routes, not only to 
mitigate CO2 emissions, but also to secure 
alternative fuel supply. Conversion of 
cellulosic biomass into alcohols and algae into biodiesel or other hydrocarbon fuel is 
predicted to become extensively adopted in the coming decade. 

[8] 
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Even though CO2 utilization through algae has advantages and potential, there are 
several major challenges. Even at higher productivities microalgal systems require a 
substantial land area, which may not be available in the direct surroundings of power 
plants. Furthermore, costs are still high. Significant R&D and technological development 
together with cost reductions related to cultivation and harvesting of the algae are 
required to enable large-scale production systems 
 
6. Conclusion 

Japan is establishing a Sound Material-Cycle Society in which resource productivity 
and eco-efficiency are to be improved along with reduction of landfill. CCS can be 
considered to be a type of landfill of CO2 by using large amount of costs. From the point of 
material-cycle, CCU or carbon utilization rather than CCS should be preferable because 
CO2 can be captured and used as a carbon feedstock to produce chemicals, fuels, etc., 
while enabling a reduction of CO2 emissions to the atmosphere on a large scale.   

Carbon utilization of any kind needs further research and development works to make 
this concept possible on a commercial basis, e.g. new development of catalyst, market 
feasibility, creation of supply chain, but it is worthwhile to challenge to do it.  

In the real world, we must use any measures to reduce CO2 released to the atmosphere 
from various facilities or mitigate global warming problem. The technological innovation 
alone is not a solution, but we need another social innovation such as paradigm shift in 
our lifestyle and value system.  

Professional engineers of different backgrounds should get together to challenge this 
difficult but meaningful task by taking the interdisciplinary alliances and come up with 
options to deal with such a complex system.  
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TPP and its Impacts on the Agriculture in Japan 

 
Abstract 

Japan has developed since the World War II. After Japan took part in GATT, we had a long 
and serious history of bilateral and multilateral trade negotiations.  Since then, lots of 
agricultural products have been liberalized. However, some products are still protected as 
basic food by high rate customs under WTO. 

In spring 2013, the Japanese government announced that it would participate in the 
Trans-Pacific Partnership Agreement (hereinafter abbreviated as TPP).  TPP negotiation 
covers all trade items and has targeted a non-tariff situation. However, six agricultural 
products remain sensitive items. What kind of impacts will be there on the Japanese 
agriculture by the TPP negotiations? 
 
1. Introduction 

At present, TPP is being discussed among 12 countries. The Japanese government has 
participated in the international meeting since July 2013. Japan has sensitive items in 
agriculture products. Those are rice, milk products, beef, pork, wheat and sugar material 
plants. 
 
1.1 Background and Japan pay the entrance fee to participate in TPP 

Four countries (TPP4; New Zealand, Singapore, Chili and Brunei) initiated TPP in 2006.  
In March 2010, USA joined and came to lead TPP8 (TPP4 + USA, Australia, Peru, and 
Vietnam).  Malaysia took part in TPP in October 2010. 

In November 2011, the first period of the meeting did not reach an agreement but only to 
show a “Board Outline”. 

The Japanese Prime Minister Noda announced his decision “ to attend the meeting 
(negotiation) “ on November in 2011. 

USA announced that a new member country should agree any decision that was made by 
the TPP member countries, if it is to participate in the TPP. Mexico and Canada were 
approved to be member countries of TPP in July 2012.  

Prime Minister Abe announced the participation in TPP officially on 15th of March 2013.  
Since February 2013, USA has kept saying that beef after the BSE check, automobile and 
insurance are very important areas for them. Japan already approved imported beef from the 
USA after the BSE check system changed. 

 
Under TPP, the member countries are eligible to take part in the negotiation in order to 

win the non-tariff line of a product. There is no exception, as many countries have their own 
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All Items
(2010 WTO)

Agriculture
Products

(2000 OECD)
Japan 2.5 12
USA 3.3 6
EU 4 20
South Korea 6.6 62
India 33 124

Table 1. Trade Item's Tariff (unit:%)

Agriculture Products Industrial Products

Japan rice, beef, pork, milk products,
wheat and sugar material plants leather products

USA milk and milk products and sugar car and truck, cloths

Canada milk and milk products

Table 2. Sensivity Items of Japan, USA and Canada

high sensitive items. 11 member countries approved and Japan’s participation in the meeting 
was allowed on the 20th of April 2013. 
 

1.2 Schedule of TPP 
On 24th of July, the Japanese government participated in the negotiation of TPP in 

Malaysia. We gathered lots of documents of TPP. 
In September 2013, Japan could not announce its tariffication schedule of the sensitive 

items and prolonged its decision at the October meeting. The TPP organization and other 
countries want to make our decision in October. 
 
2. Tariffs and Sensitive items 
 (1) Tariffs     

The Japanese average tariff is not so 
high compared with other countries. 
The Japanese tariff for the all items is 
2.5%, which is much smaller than that  
of USA, EU and India.  The Japanese 
average tariff for the agricultural products 
is 12 %. It is much higher than the USA, 
but is much smaller than the EU.   
 
 (2) Sensitive items 

Not only in Japan but also other countries have sensitive items that are shown in 
Table2. 

 
 
 
 

           
 
 
 
 
 
3. Number of tariff line of Agriculture products 

The number of tariffs of Japan is shown in Table 3. All items are divided into many 
classifications. After a series of serious multi-national meetings on trade by GATT, WTO, and 
FTA, Japan has already reduced the tariff and customs of the agricultural products. However, 
TPP and USA wants all tariffs be terminated or reduced to 0 percent. 
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Decreasing ratio of
production

Decreasing ratio of
production value

Whole agricultural
products 32% 2,960 billion yen

Rice 32% 1,010 billion yen
Wheat 99% 77 billion yen
Milk and milk
products 45% 290 billion yen

Beef 68% 360 billion yen
Pork 70% 460 billion yen
Sugar 100% 150 billion yen

Source: Ministry of Agriculture, Forestry and Fishery (MAFF)

Table 4. Decreasing ratio of production

Items Number of
Tariff Line Items Number of

Tariff Line

Rice 58 Starches 50

Beef 51 Fishery Products 91

Pork 49 Combined Wood
Board 34

Milk Products 188 Others 107

Wheat/ Oats 109 Total Agricultural
Products 834

Sugar 81 Total of all items 9,018

Beans 16 Source: Ministry of Finance

Table 3. Agriculture Items in Tariff Book of CCCP

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. The impact on the agriculture 

The Ministry of Agriculture, Forestry and Fisheries (MAFF) calculated the TPP’s effect 
on agricultural products in March 2013. 

In case that the customs of agricultural products becomes 0 %, the decreasing ratio of 
production value was estimated to be 2,960 billion yen (= US $ 29.6 Billion). And the food 
self-sufficiency ratio of Japan should be decreased to 27% from 40%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1 Rice 

Rice is a staple food for the Japanese. The price of rice in Japan is about ¥14,000 / 
60kgs. However, The US rice price is about ¥2200 / 60kgs. If rice tariff is terminated, i.e. 
0% tariff, USA will possibly produce more Japonica type rice and export them to Japan. 

Production area;1,581,000ha,8,523,000ton, MAFF statistics 2012  
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4.2 Livestock products (Beef, Pork and Milk and Milk Products) 
 (1) Beef 

All lower quality beef will be replaced with imported beef. The livestock industry is 
very important not only for the agriculture and food industry but also for rural resources 
that is indispensable to those industries. Especially, milk and beef industry is important 
because it makes use of green resources and its by-products rely on agriculture. 

Eco-cycle system (cattle-manure-soil-grass circulation) is a natural recycling system, a 
key of which is, so to speak, manure treatment. 

Beef cattle farmer; 85,200HH, 2,723,000heads, MAFF stat.Feb.2013  
 
 (2) Pork 

Pork will be replaced with imported pork except brand pork.  
Pig farmer; 5,840HH, 9,735,000heads, MAFF stat.Feb.2013  
ex. Comparison of the pig industry between USA and Japan 
Pig farmers breed more than 1,000 heads. 

     USA; 12,200 farms cover 93% of pigs  
     Japan; 2,050 farms cover 82% of pigs  
 
 (3) Milk products 

All milk products except raw creams will be replaced with imported goods. 
Dairy cattle farmer; 20,100HH, 1,449,000heads, MAFF stat. Feb.2013  
ex. Comparison of an average number of milk cattle and raw milk price  

     USA; 164 heads, ¥39 / kg 
     Japan; 44 heads, ¥79 / kg 
     NZ and Australia; ¥15 ~ 20 / kg 
 
4.3 Wheat  

All wheat importation will be changed to wheat flour importation. 
Production area; 209,200ha, 857,800ton, MAFF stat.2012  

 
4.4 Sugar material plant 

As there is no quality standard in sugar, all of the sugar will be replaced with imported 
sugar.   If this is the case, Okinawa’s sugarcane farmer would be bankrupted.  Besides, 
Hokkaido farmers will be unable to produce sugar radish. 

Production area; 21,300ha, 1,214,000ton, Okinawa, Kagoshima-pref. 2005  
Production area; 59,300ha, 3,758,000ton, Hokkaido 2012  

 
5. Discussion and Results 

Agriculture industry is a life and environment industry.  The Japan’s food self- 
sufficiency ratio is only 39%. In view of the effective use of domestic land resources, 
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development of regional agriculture and mountain villages are all important, because the 
livestock, particularly large animal makes use of green resources being a basis of the 
Japanese land-extensive agriculture. 

We have to understand that agriculture has a good point in terms not only of food self- 
sufficiency but also land usage, conservation of natural resources and social life in Japan. 
      

In case of government support for agriculture sector, rice sector alone needs ¥1,650 
billion ((¥14,000 (Japan) ¥3,000 (import from USA))÷60kg×9 million tons). 
On the other hand, in case that the rice customs decreases from 778% to 250%, the 
government support required will be ¥525 billion ((¥14,000 (Japan) ¥10,500 (import 
from USA))÷60kg×9 million tons). 

The government once announced that Japan would increase income to ¥270 billion and 
GDP will increase up to 0.54% after TPP negotiation is completed.  Later on, the 
prospect was renewed to ¥320 billion. However, RCEP (Regional Comprehensive 
Economic Partnership) treaty among Japan, South Korea and China has more 
economical advantages. The Japanese GDP will increase by 0.74%. 

Currently most of the Japanese people worry about the safety of the agricultural 
products and food, such as food additives, pesticide and GMO products due to the 
differences of the standard in each country. 

USA has a long history of food strategy.  If Japan opens all the agricultural markets to 
USA and other exporting countries, we should import most of the agricultural products in 
the future. We should think about the food situation in the world. The population of the 
world is increasing and climate is also changing by global warming symptom. 
Furthermore, we should think that a real happiness is not in the economic development 
alone. 

Asian countries like Japan and South Korea should lead agriculture sectors in making 
a future agriculture plan. 
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