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1)

Review of Disruptive Innovation and Reverse @ NUM
Innovation: New Vision of Innovation System ofsinorpere
Expansion in Asia

Motivations
Disruptive Innovation / Technology
* Sustaining vs Disruptive Technologies; Examples;
Market Positioning; Deeper Understandings.
Reverse Innovation
* What Is It & Why Is It Important?
Implications for Asian Innovation System
* R&D and Innovation Management
* Innovation-Driven Economic Development in Asia
* Singapore: Future Innovation Strategy Options

D-ETM 1
B &

Motivations @ NU,,S

of Singapore

* Jeff Immelt * , Vijay Govindarajan and Chris Trimble,
“How GE Is Disrupting Itself?”, HBR Oct. 2009
(* Chairman & CEO of GE)

(Coined the term “Reverse Innovation”)

* Clayton Christensen, The Innovator’s Dilemma, Harvard Business
School Press, 1997.
(Coined the terms Disruptive Innovation & Disruptive

Technology; sold more than 500,000 copies.)

(Entrepreneurial firms would create a new market with a

good-enough Disruptive Technology and new Business

Model -- below the radar screen of Incumbents.)

D-ETM 2
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]
EBAINUS
¥

National University
of Singapore

« New publications from US National Research Council:
Persistent Forecasting of Disruptive Technologies —
Part 1 (2009) & Part 2 (2010)
(used Christensen’s definition of Disruptive Technology)

» April 2010 issue of The Economist:
A Special Report on Innovation in Emerging Markets
entitled “The World Turned Upside Down”
-- Frugal Innovation (not “second-rate”), Innovation
Blowback, Power to Disrupt, etc

——=)> Importance to Review these Topics.

oemw :
]
EBINUS
¥

National University
of Singapore

Disruptive Innovation/Technology

New technologies are developed continuously to foster improved product
performance. They are known as Sustaining Technologies as they are
responsible for improved performance of established products. They
could be either incremental or discontinuous (radical/break-through) in
character. (Same marketplace — little organizational impact; some
people may need to learn new skills.) —= Sustaining Innovation

Occasionally, Disruptive Technologies emerge. They result in worse
product performance, at least in the near-term. Hence they under-
perform established products in mainstream markets. But they have other
features that a few fringe (and new) customers value (they are typically
cheaper, simpler, smaller and frequently more convenient to use).

== Disruptive Innovation

D-ETM 4
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]
EBINUS
%

National University
of Singapore

Good established firms (successful incumbents) may not invest in
disruptive technologies for 3 reasons :

1. Disruptive products are simpler and cheaper (hence offer lower
margins).

2. Disruptive technologies are first commercialised in emerging
or insignificant markets (hence no immediate threats).

3. Leading firms’ most profitable customers generally don’t want
or can’t use these products.

[ Even if they are not blinded and hence invested in the disruptive
technologies, their processes and values might not be compatible
with their development ——> Innovator’s Dilemma |

D-ETM 5

)

TAINUS
%

National University
of Singapore

Insights From the Hard Disk Industry

The most disruptive technologies were architectural innovations
that shrunk the size of drives from diameters of

14inch —» 8 — 525 — 35
— 25 — (1.8) — (1.0) inch
Casualities : Ampex, Memorex, Control Data, ......

Shugart, Micropolis, Quantum, Miniscribe, .......
(total : > 100)

D-ETM 6
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FINUS
National University
of Singapore

A Disruptive Technology Change : The 5.25 inch Winchester

Disk Drive (1981)

Attribute 8-Inch Drives 5.25 Inch Drives

(Minicomputer (Desktop Computer
Market) Market)

Capacity (megabytes) 60 10

Physical volume (cubic 566 150

inches)

Weight (pounds) 21 6

Access time 30 160

(milliseconds)

Cost per megabyte $50 $200

Unit cost $3000 $2000
D-ETM 7

T ESSS——————
]
EBINUS
%

National University
of Singapore

When Seagate first introduced the 5.25 inch drives, the
minicomputer customers did not want them (their capacity
was too small); Seagate was forced to pioneer new
applications of them in PCs. After 6 to 7 years, their capacity
had reached that needed by the minicomputer manufacturers.
These customers then switched to 5.25 inch, causing the §
inch makers to go under.

The pattern was repeated with the emergence of the 3.5 inch
drive ( ... Laptop Computers), and so on.

D-ETM 8
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National University
of Singapore

Why Great Companies Can Fail

Intersecting Trajectories of Capacity Demanded versus
Capacity Supplied in Rigid Disk Drives

10,000 |-
1,000
i)
==
2
8
o 100
©
@]
x
2
(m)
°
© 10
I
1 = t t |
1975 1980 1985 1990
Year
D-ETM 9
ANUS
NU
National University
of Singapore
£ A
-
g g Progress due to
- s e
5 % z . sustaining innovations Range of
= 3
EEA S _E Performance
= 8= -V That
"E & a g Customers
s TS
By g _§ = erformance that Can Utilize
ERS - customers can utilize
-
L = or absorb
12
A~ B
Low-end disruption
. ’ . Time
New-market disruption
No#consuming Time
context
Figure 2 The Disruptive Innovation Model
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Radical vs Disruptive Innovations

Both are “Discontinuous” . (Targetting High-End)
S A
i - (New Markets) =
N S N 5
__________________________ ' : e
H i (Within Tech/Market Domains of 83
T ' i Existing Business or “White Spaces S =
' i between existing businesses) &-
Sustaining | ; ----------------------------------------- v
1
l : =~ Incremental (Continuous) T
__________________________ [
A T 1
0 i [ In Between: With
00 {Low End ' Disruptive Features |
_2‘.‘.“- -“Performange |
‘5'_8 Overshoot”) |
g g (New Markets : l
(= i ‘fj%?{éoﬁge i (Attacking from below)
(Christensen) '

&
Market Positioning : {,EJ NUVESW

of Singapore

Low-end Disruption

* Are there many customers at the low end of the market who would be happy to
purchase a product with less (but good enough) performance if they could get it at

a lower price (but still with a reasonable margin)?

New-market Disruption

* [s there a large population of people who historically have not had the money,
equipment, or skill to do this thing for themselves, and as a result have gone
without it altogether or have needed to pay someone with more expertise to do it
for them?

Both Types of Disruption

* Does our product or service help our targeted customers ge/ @ job done that they
have always been trying to get done — but have not yet been able to do in simple,
convenient way? (i.e. Job-to-be-done market analysis)
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More Examples

Early Transistors

- could not handle the power required for e-products of the 50s :
table-top radios, floor-standing TVs, early digital computers, etc.

— while RCA engineers tried to improve the Transistor
performance (to match those of Vacuum Tubes), Sony applied it to
pocket transistor radios (i.e. Sony chose to create new customers who
appreciated the convenience and affordable “good-enough products);
RCA engineers spent money (on Radical/sustaining Innovation!)
and did not create sales/revenue from Transistors (for many years)
while Sony engineers celebrated initial success and obtained
resources to do more R&D !

D-ETM 13

National University
of Singapore
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%

Non-consumers are the ideal initial targets

Major Established
Electronics Markets:
Tabletop radios, floor-standing
televisions, computers,
telecomm.equipment, etc.

Portable TVs

Performance

Pocket radios

Path taken by
Hearing Aids established
4 vacuum tube
manufacturers

Time

D-ETM 14
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Intel

* [ts share of entry-level microprocessor market dropped
from 90% to 30% in about 18 months in the late 90s.

* Felt great to exit the low-margin business until its CEO,
Andy Grove, sensed the danger of being croded from
below = created a separate organization in Israel

— Celeron chips for low-end markets;
— Centrino chips for wireless applications and with less

power consumption.

[Note its solution: Forming an Autonomous Unit with different
objectives from the HQ for the Disruptive Business. |

D-ETM
National University
of Singapore

* Silver —Hair Market : A Huge Emerging Opportunity

)

-- Price sensitive; Price/performance
-- Simple and easy to use

= Disruptive Technologies: “Good enough”
performance, simple-to-use and affordable !

Gap: Most cutting-edge technologies from
advanced basic research will need to be reshaped

into Disruptive Technologies for the Silver-Hair Ind.
(Need for “Translational R&D”)

16
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Easy-to-use products:

&
9/))'0/68

\
|
i | |

) 5413 (8)
] s 00 |
| l
|

D-ETM Copyright: Prof. Dr. Cornelius Herstatt and 1z

TANUS
Easy-to-use products C&L? sngapore
DoCoMo Raku-Raku Phone

Examples
= Developed by Fujitsu in accordance with universal
design principles
= Easy-to-use (raku-raku = easy-easy)
= Not too many functions
= But: new optional functions such as pedometer e.g.
* Big screen (big fonts), big buttons
> Millions of units sold; already 4" release available
D-ETM Copyright: Prof. Dr. Cornelius Herstatt and 18
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Transgenerational Solution: %@ NUSW
Nintendo Wii, Nintendo DS

of Singapore

= Ageless product 6}

; Q
= For the whole family ”7'0 /e
» (Connects and integrates the whole family $
* Brain-training and exercise games

Measure your brain age

Oh, dear.. Your

brain is very tired. Your brain age
But don't lose heart! i

76

D-ETM Copyright: Prof. Dr. Cornelius Herstatt and

INUS
%

National University
of Singapore

Wii-Party

Copyright: Prof. Dr. Cornelius Herstatt and
Dr. Florian Kohlbacher
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Galanz Enterprise

* In 1992, developed a new microwave oven for the tiny
Chinese kitchens — instead of following others to be
contract manufacturers.

* After winning the Chinese low-end market, moved
upmarket to serve both local and global markets.

* By 2005, held 75% of Chinese market and nearly 50%
of global market in microwave ovens. (> 500 patents)

D-ETM

)
)

JNUS

A Viable Strategy: Targetting the Bottom of Bottom 95 e
(but extremely difficult!)

Population Per Capital Income
296 million

$30,000
723 million
$10,000
Disrupting The “bottom
the Top: »
Z 1 billion in of the top
headroeq 2,397 million
$4,000
2,692 million
Great Leap
Downward: _ = The “bottom

6 billion in
headrog

of the bottom”

« Nonconsumption is rampant at the bottom of the pyramid (BOP);

» Tremendous upside potential once the firm finds a disruptive foothold at the bottom. =

CRDS-FY20
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Deeper Understandings

» Disruptive Technologies can sometimes be very challenging to
develop or improve initially (e.g. Transistor Radio, Inkjet Printing,
2.5 Inch Drive, e-bikes, etc) owing to demanding
Price/Performance reduction.

* New market creation without disrupting incumbents may be
sufficient to justify the effort if the new market is huge and
profitable.

* Disruptive Technologies may not always be cheaper initially (e.g.
Mobile Phones, LCD TVs, etc).

* New markets in BOP, Silver-hair Industry, etc would need
purposeful R&D to create candidates of Disruptive Technologies --

further boosted recently by the emerging Reverse Innovation
Strategy of MNCs.

D-ETM 23

. &
Reverse Innovation @ NUS

of Singapore

Traditional Innovation:

— Innovative (high-end) products introduced first in developed
markets based on their needs

— Subsequently modified (e.g. reduced features, scaling down) for
emerging markets

Reverse Innovation:

— Innovative (good enough, affordable) products first introduced
in developing markets based on their needs

— Subsequently brought back to developed countries to find new
applications

D-ETM 24
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— For instance, back in 2002, GE served the Chinese
ultrasound market with machines developed in the US
and Japan. But the expensive ($100K) bulky devices sold
poorly. Then a local team in China leveraged GE’s global
resources to develop a cheaper, portable machine using a
laptop computer enhanced with a probe and sophisticated
software. Its $30K ~ $40K price was more acceptable and
some rural clinics bought it. /n late 2007, GE introduced a
model that sold for as low as $15K, which became a hit in
rural clinics, where doctors used it for simple applications
such as spotting enlarged livers and gallbladders and

stomach irregularities.

25
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— Even more exciting, the innovation found new applications
in the US, where portability is critical or space is
constrained, such as at accident sites where the portable
machines are used to diagnose problems like pericardial
effusions (fluid around the heart); in emergency rooms
where they are used to identify conditions such as ectopic
pregnancies; and in operating rooms, where they aid
anaesthesiologists in placing needles and catheters.

[ 6 years after their launch, the sales of portable ultrasounds grew from
$4 M in 2002 to $278 M in 2008 (50 to 60% growth per year !) |

D-ETM 26
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— In another example, GE Healthcare was interested to develop
products to serve the 600,000 villages in India (65% of its
population). In 2008, it innovated with an ECG machine, MAC

400 to serve this rural market. It is portable and costs only $1 K,
a fraction of the cost of the big, sophisticated premium machine
sold in the US. It was a huge market success. In 2009, GE brought
an improved version back to US and sold as MAC 800. It has
created new applications in accident sites and emergency rooms
where portability and small size are huge advantages.

[This type of Reverse Innovation will fit nicely in the Obama
healthcare reform based on low cost, good quality and increased
access! |

D-ETM 27

Innovation Paths NUS
iy
Traditional Reverse
Needs of Developed Countries (Possible Mass Markets in
J/ Developed Countries)

(R&D/Innovation for Developed

-—->

Countries)

l Niche/New Applications in
Developed Countries
Adapted for Emerging Economies
(targetting the Rich; adapting
for the Middle Class & Mass (R&D/Innovation for Emerging
Consumers) Markets) T

Needs of Emerging Markets
(Bottom or Middle of BOP)

D-ETM 28
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— Jeff Immelt (Chmn & CEO of GE) has declared that: e
“Reverse Innovation isn’t optional; its’ oxygen!”

— In May 2009, GE announced that over the next 6
years, it would spend $3 billion to create at least 100
health-care innovations that would substantially lower

costs, increase access and improve quality.

— Not easy: Drastic price/performance reduction is a
key challenge, e.g. “half the performance @15 % price “
would need an improvement of price/performance of
at least 3.3 folds!

D-ETM 29
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Implications on Asian Innovation System

Disruptive Innovations & Reverse Innovation
——=> Possible New Vision of /nnovation System
Expansion in Asia
» Implications for R&D and Innovation Management

* Implications for Innovation-Driven Economic Development in Asia

 Singapore: Future Innovation Strategy Options

D-ETM 30
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Implications For R&D and Innovation
Management

» As Conventional R&D/Innovation Management focusses on
Incremental or Radical ( Breakthrough ) Innovation, it cannot
effectively support the pioneering (foothold) stage of DI and Rev Innov.

* New Business Models for Disruptive Innovation and
Reverse Innovation will need to be understood and applied.
[Business Model: Technology, Market Positioning,
Value Creation, Distribution, Service, ........ ]

DETM

National University
of Singapore

ZBNUS
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 There will be strategic advantages in becoming Proactive in
creating appropriate Disruptive Technologies as new candidates or options:

-- Need to simplify or translate sophisticated R&D results
into potential Disruptive Technologies
-- Need to develop new R&D Strategies to create such technologies
purposefully
-- Public funding agencies will need to take the above into consideration
-- Better to tap Open Innovation, Modular Architecture, etc
especially for the SMEs

[ This topic of Creating Disruptive Technologies has caught the attention of US
National Research Council which publishes two reports in 2009 and 2010. ]

D-ETM 32
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 After the initial disruptive foothold
stage, both /ncremental and Radical
R&D may be needed to accelerate
performance improvement along the new
disruptive path (rather different from the
sustaining part — could even be more
challenging!).

Figure 2 The Disruptive Innovation Model

 Possible Roles of Government would
include: new type of grants for
Translational R&D; introducing new
R&D Management education; adaptation
of innovation policies.

D-ETM 33

Implications For Innovation-Driven NUSW
Economic Development in Asia

of Singapore

1. High-growth BOP (emerging) mass markets will attract MNCs to
establish a new type of R&D Labs.

-- HP Labs in India ( targetting the Next Billion Consumers;
focussing on “reducing complexity of interaction, affordability, etc)

-- Siemens’s SMART Initiatives in India and China
(Small, Maintenance Friendly, Affordable,
Reliable, Timely to Market)

2. The prospect of Reverse Innovation will further increase the attention
of MNCs in the BOP markets.

D-ETM 34
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3. More local entrepreneurial firms would rise to the challenge to
create or meet the (tacit) market demand — e.g. 2000 local
firms in the e-bikes business in China.

4. Open Innovation could stimulate or facilitate

win-win collaborations between MNCs/Global-Mid-Sized
Firms (with available technologies) and local firms (with
complementary assets: market knowledge, distribution
channels, low-cost manufacturing, etc) to pioneer or accelerate
new disruptive innovations. Such collaborations could
continue when it is time for Reverse Innovation.

D-ETM 35

National University
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5. Government’s Roles -- China, India and other Asian Developing
Countries have started to moderate their export-driven economic
development policies by introducing demand-driven polices; they also
have to find new solutions to satisfy carbon reduction, health care,
transport, communications, and other national development challenges.
They will be attracted to Solutions with Disruptive Features such as:

-- Banning Gasoline Motorbikes in major Chinese cities to
encourage the use of e-bikes;

-- China and India introduced low-cost mobile phones to by-pass
the time-consuming construction of land-lines for phones;

-- India and China both building wind-power generators, solar
power generators, etc often with indigenous technologies.

D-ETM 36
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of Singapore

1. There will be a strategic need to create new research centres
(possibly public funded; with partners in the emerging
markets) to better understand BOP consumers” needs and
perform “Tanslational R&D” to bridge the gap between Basic
Research and Purposeful Disruptive Technology Creation.

-- of great interest to MNCs and Global Mid-size Companies
which find it difficult to establish such Centres directly in
the BOP markets

-- very useful to local SMEs and new start-ups which do not
have such resources (through Open Innovation practices)

]
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2. There will be a great advantage to apply Integrative

Design Thinking (IDT) to create disruptive Technology

products/services for emerging markets.

e.g. IKEA’s ability to penetrate /
Asian furniture markets. User-Centric

Design ///

[ The Singapore Design Council:

- Academy of Design Thinking;

- Asian Insights & Design Innovation Centre Management

To instill “Design thinking” in the workforce. ]
[ The proposed Institute of Consumer Insights will

conduct relevant upstream research. |

[ 4% University: S’pore Univ of Technology & Design. ]

D-ETM 38
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e.g. We have studied the disruptive growth of
E-bikes which are inferior to motorbikes in
conventional performance measures

B &
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%

National University
of Singapore

E-bicycle 0.25-0.35kw 20-30 30-40
E-scooter 0.3-0.5kw 30-40 30-40
3-5kw
G-scooter (50-125¢c) 50-80 120-200
. 4-6kw
G-motorbike (100-1250) 60-80 120-200
e (2007 data) N
B
National University
Sales of three types of 2-Wheelers in China
35
30 7@/‘\
" s \ / M
2
5 20
5 \—N =E2W
= 15 N +G2W
€ 10 A -e-Bicycle
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+ Light weight and affordability have attracted
new customers:

- Females of all ages (80%)
— Children
— Older folks

- Compared to manual bicycles, E-bikes are more
comfortable (important as people are getting affluent).

- Yet affordable — in both capital expenditure and
running cost.

DETM

Typical E-bike models NUS

D-ETM 42
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3. There will be a great and urgent demand in educating engineers
(and scientists; technicians 7?) in Management of Technology
(MOT)

-- going beyond the Silicon-valley model or other US high-tech
success cases;

-- more Asian case studies (including DI & Rev Innov);

-- equipping Engineering PhD ( also Dr Eng ) students with
courses on MOT and Integrative Design Thinking (T-shaped).

[ Also a great need to educate leaders in the Public Sector as
they are expected to play an enabling role to help positioning
the country to become winners in DI and Rev innov. ]

]
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National University
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4. There is a timely opportunity to go beyond products/services to
create high-growth Engineering Systems especially those with
Disruptive features.

-- Engineering Systems are different from individual
products/services; examples include Utilities Systems
(Power, Water, Waste-treatment), Public Housing
Systems, Health-Care Systems, Public Transportation, etc.

-- S’pore Economic Strategies Committee (2010) recommends:

The public sector to serve as a lead user to position
Singapore as a living Lab or test-bed to explore & create

“future-ready’ green urban solutions.

D-ETM 44
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-- Strategy of “Dual-Use™: Internal needs of Singapore for its
nation building (exemplars of Von Hippel’s “User-led
Innovations™); doubling up for economic development by
encouraging and facilitating public-private-partnership
(MNCs, global mid-sized companies, local enterprises)

Plenty of opportunities to incorporate disruptive features
(Affordable, Good-enough, Ease of Use, etc) in Engineering
Systems together with Systems Thinking, Modular System
Architecture, Integrative Design Thinking, etc.

( Example: Water Industry Development in Singapore )

DETM
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- Treatment of
/ ‘Ram |<_| Scas ‘ b Wastewater

'S

Reclamation
of Used Water

Storm water ’
Management Indirect Potable

Use

Collection of Direct Non- :
Rainfall in Potable Use Collection qf
Drains & Wastewater in
Reservoirs Sewers
\ Treatment of Supply of Water /
Raw to —» | to the Population
Potable Water and Industries

Singapore Water System: Strategy Design
-- New Water for “Direct Non-Potable” Use” and “Indirect Potable Use”.

DETM
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/

O&M Contract

O&M
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\
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Development
National Security Goverpment’§
to be self-sufficient | =— catalytic role in
in water capability and
economic dev.
Japan/US .
Slagapers Middle East/ Africa/
Emerging Econs
Dual-Use Strategy for Industry Development
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Development.

DETM

5. Opportunity to champion a new wave of Lateral Innovation

to BRICs and other Emerging markets — and then domesticate
the results of such innovations for its Co-evolutional Economic

[ Singapore would be keen to seek international partners to jointly
seize economic development opportunities by offering its
current and future capabilities in Disruptive innovation, (Lateral
Innovation) and Reverse Innovation, and its unique locations in
Asia, understanding of both East and West, and “Singapore™ as
a Test-Bed and Show-Case for Innovations . |

)
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Innovation Paths

Traditional

Needs of Developed Countries

l

(R&D/Innovation for Developed
Countries) l

Adapted for Emerging Economies
(targetting the Rich; adapting

for the Middle Class & Mass
Consumers)
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Reverse

(Possible Mass Markets in

Developed Countries)
A

Niche/New Applications in

Developed Countries Lateral
T Other Emerging
Markets

(R&D/Innovation for Emerging
Markets) ’[‘

Needs of Emerging Markets
(Bottom or Middle of BOP)
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Summary

* We have presented a Review of Disruptive Innovation and
Reverse Innovation (with examples and discussions on
New-Market Positioning, BOP , Silver-hair market
potential, Purposeful R&D to create Disruptive

Technologies, etc) and their implications for Innovation
System Expansion in Asia.

-- New directions for economic development

-- Asian nations (could use public funds) to create
Disruptive Technologies on purpose and ahead of others

D-ETM 51
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* We have also discussed Singapore’s Innovation Strategy
Options such as Integrative Design thinking, Engineering
Systems and Lateral Innovation — to better position
Singapore for future high-growth economic development.

-- Its new capability will be attractive to international
partners in creating disruptive innovations for Asian’s
BOP markets and subsequently in Lateral/Rev Innovation.

-- Using Singapore as a lead user and living Lab for
innovation especially in Engineering Systems.

D-ETM 52
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%

Markets (Mass) National Universiy

of Singapore

(Niche)
(New Niche)
. . §
Emerging (Asian) &
Markets §
N
* Disruptive &
Innovations @‘Z’
(BOP, Silver &
Industry, etc) -\ o= 2 > Other Emerging
(Lateral) Markets)
o 5 5 i > Role of Singapore (Partners — MNCs/Mid-Sized Corp.)

- Public & Private Sectors
Local partners - Test-bed/Living Lab
(China, India, - Integrative Design Thinking
ASEAN) - Engineering Systems
- (Funding ?? Talents ?? IP Protection ??)
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