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Urbanization Stress

*®  CHly with atleast 1,000,000 inhabilanls in 2006

Figure 9.5 Map showing urban areas with at least one million inhabitants in 2006. Only 3% of
the world’s population lived in cities in 1800; this proportion had risen to 47% by
2000, and reached 50.5% by 2010. By 2050, the proportion may reach 70%. (Source:
Wikimedia Commons, http://en.wikipedia.org/wiki/File:2006megacities.png.)
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must rise by 50 % by 2030 to meet
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(Source: UN 2008)

Total world energy demands
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50% by 2030.

(Source: IEA 2008: Reference Scenario)
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for all is one of the most daunting challenges faced
by the world.”

Source: Ban Ki-moon, 2008

Ref: Professor John Beddington 2009

Total world water demands
are predicted to increase by over 30% by 2030.

Source: IFRPI
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NNI - NBIC — NBIC2

M.C. Roco, W.S. Bainbridge, B. Tonn, G. Whitesides

CKTS
Converg. Knowledge,
NBIC Technology & Society
Nano, Bio,
Info & Cogno 2013 Report
2003 Report

Integrate essential
Integrate foundational ~ convergence platforms:
technologies: NBIC, Human-scale,
Nanotechnology, Earth-scale,

Biotech, IT, Cogno Societal-scale

Figure1  Successive levels of convergence for added value, as described in three
reports: (from left to right) nanotechnology integrating disciplines for all
sectors of the material world (Roco, Williams, and Alivisatos 1999); NBIC
recognizing the novel synergies among different sciences and technologies
(Roco and Bainbridge 2003); and CKTS looking holistically at the
interconnections between science, technology, and society (this volume).

http://www.wtec.org/NBIC2/Docs/FinalReport/Pdf-secured/01-NBIC2-FinalReport-WTECversion--web.pdf
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10.1.2 The Vision for the Next Decade

CKTS implications are expected to increase significantly in the next decade, with the following
characteristics:

Convergence will contribute to major changes in science, technology, and society, and will
become a condition for national but also industrial and human competitiveness. The
convergence approach will become increasingly proactive and systemic (decisions taken
considering the system as a whole, as compared to a reactive approach based on interaction of
system components). New socio-technical convergence platforms of various sizes will emerge.
Systematic convergence in knowledge and technology promises to increase the rate of
scientific breakthroughs, lead to the establishment of new S&T domains and support growing
expectations for human progress, including improved productivity, education, and quality of
life.

A virtual spiral of creativity and innovation (see schematic in Figure 4.1 in Chapter 4) between
and within CKTS platforms will be created, along with an increase in the speed of circulation

(transfer) of ideas from one field to another. This will have a significant effect on innovation,
productivity, and commercialization. It will be a condition of competitiveness for sectors or
regions.
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CKTS

>NBIC

OVERVIEW AND RECOMMENDATIONS

CONVERGENCE OF KNOWLEDGE, TECHNOLOGY, AND SOCIETY:
Beyond Convergence of Nano-Bio-Info-Cognitive Technologies

M. C. Roco, W. §8. Bainbridge, B. Tonn, (. Whitesides

Science, engineering, and technology are recognized to permeate nearly every facet of modern life
and to hold the key to solving many of humanity's most pressing current and future challenges
(NRC 2012). In their recent book That Used to Be Us, Friedman and Mandelbaum (2011) identify
one of the main challenges for the United States as bringing activities together driven by a higher
national purpose—to *act collectively for the common good.” Our report aims to address that
challenge by identifying the basic mechanisms of human activity—including knowledge creation
and technological innovation—and proposes an approach to better understand and use these
mechanisms for a holistic purpose. The report advances convergence in science and technology to
benefit society; evaluates methods to improve its transforming tools and governance; and identifies
long-term trends in the application of converging technologies. The project has gathered
information on interdisciplinary research, development, application projects, and trends from the
Americas, the European Union, Asia, and Australia.

Some important themes pervade science, mathematics, and technology and appear over and over
again, whether we look at an ancient civilization, the human body, or a comet. They are ideas that
transcend disciplinary boundaries and prove fruitful in explanation, in theory, in observation, and
in design (AAAS 1989). This report is centered on five such ideas focused on convergence of
knowledge, technology, and society (CKTS): (1) the principle of holistic sysiem interdependence in
natwre, knowledge, and society with application fo the economic, human-scale, Earth-scale, and
societal-scale platforms, (2) the convergence—divergence (spin-off) evolutionary process in science
and technology, (3) the cultivation of higher-level {multidomain) languages to support fruitful
transfer and application of new knowledge, (4) the need for vision-inspired basic research and
grand challenges 1o efficiently achieve desired owtcomes, and (5) the merit of systematic
channeling of public and private efforis to promote convergence activities.

http://www.wtec.org/NBIC2/Docs/FinalReport/Pdf-secured/0D-NBIC2-FinalReport-WTECversion--web.pdf
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(b) Foundational tools (NBIC) platform
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Modified Stokes Diagram
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Cost per Raw Megabase of DNA Sequence

Moore's Law

National Human

I Il
il
I - I Genome Research
Institute

genome.gov/sequencingcosts
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Cost of sequencing a megabase of DNA vs. time. (Source: NIH/NHGRI,
K.A. Wetterstrand, http://www.genome.gov/sequencingcosts/, DNA sequencing
costs: data from the NHGRI Genome Sequencing Program (GSP); accessed
January 2013.)
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Figure 1.4 All-electronic gene sequencing (Ion Torrent). [llustration of 3D electronics: an emerging
new era in integrated nanosystems built on a powerful CMOS technology platform. Ion-
sensitive field-effect transistors (FETs) are integrated on silicon metal-oxide field-effect
transistors (MOSFETs) (left). and integrated on CMOS chips to provide electronic
readout and information processing (middle), resulting in a technology that can leverage
high-volume, 200-300 mm silicon manufacturing technology (right) (adapted from
Rotherberg et al. 2011, p. 349, Figure 1, ©Nature; reuse cleared through Rightslink).

http://www.wtec.org/NBIC2/
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Figure 3.2 Global electric circuit and its effects on Earth (source: Jeffrey Forbes,
University of Colorado Boulder, used by permission; available online:
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http://nsf.gov/news/news_images.jsp?cntn_id=121842&org=NSF).
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Material Challenges

| Will we have enough metals for the future? - |
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Figure 9.6 Global estimates of end-of-life recycling rates for 60 metals and metalloids: 30 are <1%:;
2 are 1-10%; 3 are 10-25%:; 3 are 25-50%:; only 18 are over 50% (Reck and Graedel 2012,
adapted from a figure in Graedel et al. 2011; ©AAAS, reprinted with permission).
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Materials research needs

. Because our current consumption
of critical metals is at an all-time high (Reck and Graedel 2012), there is an urgent need for novel
strategies to decrease the utilization of critical materials in energy generation, conversion, and
storage, and/or to replace them with earth-abundant elements. New technologies and strategies are
also needed to augment the supply of critical materials through recycling and reuse. In the next 10—
20 years, we expect that the convergence between nanotechnology, materials science, separations
science, and engineering (e.g., chemical, mechanical, and systems engineering) will lead to the
transformative advances required to ensure global materials sustainability including:

e Nanocrystalline-silicon thin films for high-efficiency photovoltaics cells

e Nanostructured materials based on earth-abundant elements (e.g., silicon nanowires) for high-
capacity energy storage systems (e.g., batteries)

e More efficient magnets for electric vehicles and wind turbines using earth-abundant elements
(e.g., iron, nickel, and manganese) as alternatives to rare-earth elements

e Nanostructured catalysts based on earth-abundant elements (e.g., iron, copper, nickel, and
manganese) for fuel cells and solar fuel generation

e More efficient and cost-efficient separation materials (e.g., sorbents and membranes) and
systems for extracting and recovering critical materials from nontraditional sources, including
mine tailings, industrial wastewater, seawater, and brines

http://www.wtec.org/NBIC2/
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Worldwide economic impact of treating diseases

Road accidents
$204-4 bn LOwerrespiratory

infections (including
preumaonia)

$125.8 bn

Malana

$24.8 bn

>

‘ HIV/AIDS

Cerebrovascular $193.3 bn
disease
Heart diseases $2932 bn
Cancer $753.2 bn
$895.2 bn

Figure 5.1 Worldwide economic impact of treating different diseases (O’Callaghan 2011;
©Nature Publishing Group 2011; permission to reuse through Rightslink).
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Evolution of death rates in the last 60 years for different diseases. (Source
for the 1950 and 2008 age-adjusted death rates is NCHS 2008,
http://www.cdc.gov/nchs/hus/contents2011.htm#024, available for public
use.)

http://www.wtec.org/NBIC2/

© NSTDA 2014
www.nstda.or.th

PP

Uadenidnsnanaiian1an1sIdguaznaun luauinn
nIFNA neerumna

Erlals) hl

0 24



N313¢angnannluaandng

Muaotorola
Qualbcomm

iPhone

Broadband
& Mobile

201 4\-4'
-

Digital
Communications

http://www.wtec.org/NBIC2/

- Texas Instruments

AMD Intel eBay Akamai Yahoo! 18M Electronic Arts
HF  Symantec  Juniper Facebook Twitter Whdware HP Adobe Autodesk Nuance
- - Microsoft - ¥Box
nvidia Appke — Cisco —  Amazon Cracle nvidia  Pixas iRabot
Dl Google iPod Intusitive Surgical
Personal Internet Cloud Enterprise Entertainment Robotics & Assistive
Microprocessors Computing & Web Computing Systems & Design Technologies
A o a d A A A l A i A A -
.l
B "
o L]
o |
[ ]
-. - -
. - B ] 1990
] r ]
= H ]
[] ] -
i - ] - e "
# ~a [ ]
n - =
] u .
L] L]
L] L]
. i " b .
L] L] .
= o ] s "
.
- ] 198
=, ] L4 =) -+
- = ] -
O ‘m . "
™. . .
L] L}
L -
L] L]
L] L]
L] + . L]
L] L]
L] L]
| ] n
- o~ :
- 197
Computer Software Networking Parallel & Databases Computer Graphics Al & Robotics
Architecture Technologies Distributed Systems

Areas of Fundamental Research in IT

w— |Iriversity m [ridustry RED wnw Products w1 Billion Market I 510 Billion Market

© NSTDA
www.nstd

Figure 5.7 Examples of academic/government-sponsored and industry-sponsored IT research and development efforts in the creation of
commercial products and industries (NRC 2012, Fig. 1, p. 3; © 2012, The National Academies Press, used by permission),
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Figure 8.1 Schematic highlighting the axes of integration required for maximal success in the
convergence of technology and knowledge to further education (courtesy of Robert Chang).
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Table 8.1 University departments and their involvement in converging technologies

Converging Tech. ﬁlln;t Ilustrative Science Departments Mt EE";]TFE::E::::E“DE
Phys Chem Bio Psych ChE EE CSE MSE

Manotech X X X X X X X
Biotech X X X X X X X
Infotech X X X X X X X X
Adv Prosthetics X X X X X X X X
Cancer therapy X X X X X X X X
Cognition b X X X X X X X X
Social Networking b X X X

Assistive Robotics 7 X X X X X

Key: Phys=Physics, Chem=Chemistry, Bio=Biological Sciences, Psych=Psychology, ChE-Chemical
Engineering, EE<Electrical Engineering, CSE-~ Computer Science and Engineering, and MSE~Materials Science
and Engineering

http://www.wtec.org/NBIC2/
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Example 2: Taiwan. Taiwan is an island much smaller than Japan. In many ways it is very similar
to Japan in its economic development strategy. Over the past 50 years through a focused industrial
development plan led by its government, Taiwan has become a leader in high-tech electronic
products. With initial government subsidies, Taiwan built Hsinchu as its first convergence city with
a science and technology park,”” along with a powerful Industrial Technology Research Institute
(ITRI; http://www.itri.org.tw/) surrounded by several leading national universities. Again, the main
route to success has been high-level and in-depth education at universities coupled with training in
the local industries for the strong workforce that is needed. Many of the researchers from ITRI, and
university professors and their students, have launched start-up companies. Taking the knowledge
gained from their economic success, large manufacturing plants have been launched in China by
Taiwanese business leaders.

http://www.wtec.org/NBIC2/
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Example 3: China. In the early 1990s China took the above convergence models to another level of
sophistication and grandeur. A partnership between the Singapore and Chinese governments was
established in 1994 to launch a China—Singapore Suzhou Industrial Park (CS-SIP) with area of
288 km®.** In addition to government-sponsored research labs and industrial labs, there are many
satellite campuses of top universities from other parts of China. In May of 2006, the SIP was the
first location for the joint China—UK university known as the Xi’an Jiaotong—Liverpool University
(http://www.xjtlu.edu.cn/en/), which offers degree courses in Architecture, Electronics, Computer
Science, Communications, and Management. Today, similar models have been used throughout
China to establish regional and sometimes international high-tech convergence hubsites.

http://www.wtec.org/NBIC2/
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/- Intelligent Vehicle Platform Center
Institute for /-Centerfor Convergence Research on Robotics
Smart System [Dtm.il Human Research Center

Seoul University

\ - Center for Interactive Media Artand Tec hnology

\- Game Convergence Media &t';seah:h Center
« Humanity and Technology Center
- Public Data Researchi Center

Institute of
Nano
\ Convergence

* Mano-Bio Convergence ResearchCenter
= Energy Semiconductor Research Center

) » Center for Nanomolecular Imaging and DDD Innovation
\\ + Nano Primo-Research Center
BN ORI - Emergence Center for Personalized Food-Medicine Therapy System
Bio Y Center for Medical-IT Convergence Technology Research

) Convergence § i \- Nano Imaqing and Therapy Research Center
Y = CO, Recycling Research Center

= Medicinal Natural Compound Nano Convergence
Research Center

\
Figure 8.16 Diagram illustrating the concept of AICT (courtesy of Y. E. Pak).
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Affordable
Excellence

The Singopore Healthcare Story

by William A. Haseltine

.

http://www.brookings.edu/~/media/press/books/2013/affordableexcellence/affordableexcellencepdf.pdf
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I am pleased to see, continues to spend less than four percent of GDP for
healthcare, by far the lowest figure among all other high-income countries
in the world.

The United States, by contrast, spends almost 18 percent of GDP
annually—a huge price to pay that is currently causing bitter controversies
and political battles as the nation debates its future approach to care.

When it comes to prices of specific procedures, one can immediately
see the differences that exist in Singapore’s costs vs. the United States. For
example, the cost of an angioplasty in the United States is almost §83,000,
while in Singapore the cost is about $13,000. A gastric bypass in the United
States is almost US$70,000, while in Singapore the cost is $15,000 (these
figures are in US dollars and include at least one day of hospitalization).!!
See Table 2.6a for more cost comparisons.

Singapore’s total national health expenditure as a percentage of GDP
is comparable to that of the upper-middle (China—Malaysia), and lower-
middle-income countries (India—Philippines), but the health outcomes
achieved are on par with those delivered by the highest-income countries

n ﬂ'll: "ﬂﬂ:l'rld- http://www.brookings.edu/~/media/press/books/2013/a
- a ffordableexcellence/affordableexcellencepdf.pdf
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Singapore - Biomedical

Sciences Initiative

Biomedical sciences account for six percent
of Singapore’s GDP, and manufacturing
output in this sector is over S$23 billion.
Singapore launched its biomedical sciences
initiative in 2000. It was a bold step with the
intention of making Singapore the biomedical
research and manufacturing hub of Asia.

The initiative was designed to invest more
than SS3 billion over five years to accelerate
development of the program. Incentives were
created to bring health-related
manufacturers to Singapore.

Research institutes focused on genomics,
bioinformatics, bioengineering,
nanotechnology, molecular and cell biology,
and cancer therapies also received support.

¢ Biomedical Research Council of A*STAR
funds and supports public research initiatives.
® Economic Development Board’s Biomedical
Sciences Group promotes private sector
manufacturing and research and
development activities while Bio*One Capital
functions as the biomedical investment arm
of Board.

e Ministry of Health’s National Medical
Research Council funds and supports public
research initiatives, as well as awards medical
research fellowships for the development of
medical research manpower.

Initiatives that have come out of this
approach include establishing research
infrastructure, providing venture capital
support, and strengthening manpower
capabilities.

http://www.brookings.edu/~/media/press/books/2013/affordableexcellence/affordableexcellencepdf.pdf
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Visionary-inspired basic research
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NBIC study 2001-2002

2001-2010: Reactive convergence
Coincidental, based on ad hoc collaborations of partners
or individual fields for predetermined goals

NBIC/CKTS study 2011-2012

2011-2020: Proactive convergence
Includes decision analysis in the convergence approach

Organizations for convergence

After ~2020: Systemic convergence
Holistic; driven by higher-level purposes; this includes
convergence organizations

Figure 10.1 Estimated timeline for progress in converging knowledge and technologies for
society. The 2001=2002 study report is Roco and Bainbridge 2003. (Figure
courtesy of M. C. Roco).
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