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Outline:

« Background #f%EE

e Chinese Industrialization and
Inspirations as well as Challenges

hER TR SR FIPkE

e New Framework for Industrial
Ecology 2.0 as a Solution

FAVESF2 0B AT LLESTHEISIESR
e Conclusion and Discussions
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ﬁ Where we fit within the University:

‘LL l*ﬁ*ﬁll 6 Schools: 150 Department and Institutions, 9000 Staffs and 18000 Students
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Institute for Manufacturing (280+ People)

sy 77— (CIM) Centre for
™ g International

N ™ Manufacturing

»! 2

%5 UNIVERSITY OF
¢V CAMBRIDGE

MANAGEMENT
‘TECHNDLOGY
POLICY




MANAGEMENT
TECHNOLOGY
POLICY

“Manufacturing is the full cycle of business process from
understanding markets through product and process design
to operations, distribution, and after-sales service, taking into
account economic, financial and people issues.”

TFF “HiE B E R ETE AR

fEZE—1TMT@BHigHG, Ea3FREsE It S4EF= SR tE
E’]%ﬁﬁi& Hph A FEZRX I EFRERF WSS, f1ARRIE)RE.

Credtive |deas Research & Design Supply  Production Distribution/ After sales
Development management | ~ route to market services Customers
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Manufacturing Effectiveness:
Better System Structural Desi

Production/Operations Management

EFELEEE

HWERATER

Manufacturing Improvement
towards System Perfection

n

Better S

Manufacturing Efficiency:
stem Operations

Process
Decision

Capacity
Management

Inventory
Management

Quality
Management

Employee
Management

Key Decision Areas:

« Configuration/Pattern

» Technology Choices

* Make or Buy Decision

» Location Decision

* Operations Flow and
Layout Decision

+ Job Design

Key Decision Areas:

* Long Term Capacity
* Production Planning
- Aggregated Plan

- Master Plan

- Scheduling
* Production Control
* Project Plan/Control

Key Decision Areas:
* Supply Chain
Management (SCM)
* Inventory Mgmt:
- independent demand
- depend demand
+ JIT and kanban
* Logistics Control

Key Decision Areas:

* TQM - Total Quality
Management

« Statistic Process
Control and Six
Sigma Program

+ Quality Inspection &
Acceptance Sampling

Key Decision Areas:

* Human Resource
Management

+ Job Enrichment
and Team Work

» Failure Prevention

* TPM and Continuous
Improvement
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China’s Painful and Enjoyable Developments:
How can we understand it more comprehensively?

80000

67 Trillian RMB

70000 (£7 TriIIian)
Beijing Consensus vs Washington Consensus

Both Hands: visible/tangible and invisible/market |
Secondary Innovation: from imitation to innovation
Nurturing Industrial Ecosystem for Industrialisation |

 EAfiJeEM R ER AL F
- YRR ?

10000

60000

50000

40000

Serious
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Chinese Manufacturing Evolutions

In the last 35 Years: a general picture

[
I

Policies, Legislations, | ™™ siopped i The 7 5 Year The 8 5 Year The 9" 5 Year The 105 Year The 115 Year The 12°5 Year |
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Industrial Systems Dongguan Contractual gain faster technology i virtual manufactuggg model. sl
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Technology & Management were mniroduced from Chinese faciory | The & world factory Mobile 35
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The Business Collaboration: CMS

T+ERXR. N\ TFERDN =K —F"

Hong Kong International
or Foreign Trading Firm

m Companv (import/export)

Teclinology and know-hovv

"ed
Is
> ort

/ /.4
\ (3 h"/ r 1
Flnance resources Y \arod ticn

Employees labours: / Operatior.

Facilities: lands, building [

Dongguan Chinese

Government Factory
or its Firm Mgmt Team
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Chinese Industrial System: Firm Level
FE I anEFIAEEKIEELREC

R&D Inward
Engineering Logistics Logistics Service
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Chinese Industrial System:

(Outbreak

n 9. . stage (zo03-
clutienary present) Mobilaz,

stage fmiel 19905 = Mat-heok
2008)

Em Eﬁfﬂn[{; Laarning [Maching.

. YOO, mpE.mpd
+ stagea:ieary
400+ IC 2000+ Solution s
parzenal minl-gams
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p an I es #adtch '

il 'y
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Network Level — Shenzhen
mobile phone cluster

Design
Companies

s ; .-:_'-'-I

2000+
" AN . - Distribution
P | N, v- & .. E G | COmpanieS
" [ s and
200+ Million
Mobile Phones

anagament

™l 99% Local
Sourcing;

A A, : = 200,000 People
Wllvibma e — Involvement

Battery Case
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Inspirations:

Hh [E & E’]JE'ﬁT Why so fast ?

MANAGEMENT
TECHNOLOGY
POLICY

Pursuing prosperity through hardworking and
dedication are deep-rooted Chinese cultural traits.

Well balanced between market and planed economy
ambidexterity skills and incremental transformations
Take advantage of globalised manufacturing
- developed countries’ manufacturing systems
- robust knowledge for transferability
- Chinese absorbing capacity

Good understanding about industrial systems from
all levels — not only factory, but supply and value
networks, regions / clusters ... business ecosystem

55 UNIVERSITY OF

lﬂl

<} CAMBRIDGE




Six Levels of Industrial Systems: from factory to national and
International industrial systems forming an industrial ecosystem

2 chnoloy
Level
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A Big-M Perspective on Manufacturing

- -
-
s o~ /
>
r ST g
SR

Technology

¢ Business Model International Industrial Babbage Industrial Science,
Enterprise

Innovation Manufacturing Sustainability Policy Network Technology &

Business ecosystems

(industrial economy, globalisation, sustainability)

Organisational systems - M

Strategy and Cambridge Service

(innovation management, strategy, organisational structures) ™" SIS

Design Technology
Management Management

So=mEs Manufacturing systems

2 4

Distributed Information

e auomation Laboraory — (QuIAlity, lean, ops management, data and simulation)

Asset Management

fed gy

2 v‘ [ e S 9 i“‘._?‘_ r‘%
=
o

% — BN =7\

Inkjet Industrjal NanoTechnology Fluids in Advanced
Research Photonics Manufacturing

Manufacturing processes

(additive, subtractive, forming, continuous, fabricating)

MANAGEMENT &8 UNIVERSITY OF
M e {9 CAMBRIDGE




Business Ecosystem (2.0):
a holistic & dynamic view ﬁﬂki'b‘%ﬁ
Old Normal

s

A Holistic Model
of a Business
{2\ Ecosystem (BE)

-

syoedw] yoeqpPa94

NEW Normal
“TES
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1985 L

1986 [

1987 |IE

1988 =

Transformation

1989 =

W

China’s Development
during the Globalisation

52 Trillilan RMB
(E5 Trillian)

Integrated Industrial System

%,

A Holistic Model
of a Business
Ecosystem (BE)
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Chinese Manufacturing Evolutions:
Towards Crises and Transformations

= m e =) =)
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I Engineering Logistics Logistics Service
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IF THE WORLD'S
POPULATION LIVED LIKE...

How many Earths does it take to support humanity?

BANGLADESH 'ﬁl‘
_— v‘ 2.5 7 ® Business as usual
' - Earth Overshoot Day:
June 28, 2030
> 5 E_G -
UGANDA W
-
CHIN ?rﬁ x 1.1 _TE 1.3 1 3 2
V¥V » : w Ecological Footprint
COSTARICA ‘F;w: x 1.4 *-g- Tl T e T R T e T S T T |
e |
4 ® Carbon emissions reduced 30% |
?, ‘ E Earth Overshoot Day: :
NEPAL ,ii s *19 £ 05 4 September 16, 2030 :
|
|
2 |
N
1960 1970 1980 1990 2000 2010 2020 2030
‘F"W
S AR Year
Source: http://www.footprintnetwork.org/
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Future industrial

systems must -

- Cope with radical changes R¥JFH#ER:
- Be environmentally benign #FiEkEfEHE
- Maximise value from resources &Fif=E i

Credtive |deas Research & Design Supply - Production Distribution/ After sales  (~
_ : ustomers
Development management route to market services
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Sugar Beet. & BRITISH SUGAR

Weighing

- =1
Unloading / Sempiing. 3
Storage

Electricity ~»

l Lime

W«

A

' (RS
-
Slicing

Purification

Evaporation

Water (Treated) —»

River

Low Temperature —»
Heat

= Horticulture

Crystallisation p—
Ferment & Distil and Pack

WS, | Wil
. P —— — — ——.

\;~ i e o .

3 L —— — — - — g —

=

Sugar } .ducts
>



China Steel Corporation:

from internal towards

external/regional
Integration
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Industrial Ecology - FYFAZSF (IE 1.0)
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Resource Value Cascading Strategy -
for the Value Potentials: RbV 3.0

e A tree = furniture =»
paper =» fuel = energy
= fertiliser = new trees

e Different orientations:
not only the demands
but also resources

« RbV: Competiveness

« NRDbV (RbV 2.0): Benefit
from and to the Natural
Environment
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Contributions from different disciplines:

- Economist — Circular
Economy

- Management School —
Circular Economy and
Innovation

- Industrial Engineering —
saving cost and energy and
Improve efficiency

- Energy and Resource
Management/Optimisation

- Environmental Engineering

MANAGEMENT
TECHNOLOGY
POLICY

' CIRCULAR
! ECONOMY .
i The best choidce for

8 aworld that might
| goflat

Wit
A\

Teedstock sither
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Source: www.bfi.org
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Future industrial rh & )&
HiREAD

- Cope with radical changes Ry F#HEERR
- Be environmentally benign ##zEmEm
- Maximise value from resources &&R#%®E

i Rasaaren & Desian Sunply Diswioution  After sates. )
My ‘ - N
UNIVERSITY OF
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Saurce: http:/www. oot printnetwork.org/
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Resource Cascading Strategy -
for the Value Potentials: RbV 3.0

ARM in the mid-1990s:

30C - System on Chip
build
a supply/
value
chain?

Transformation

Integrated Industrial Syst
¢
&

A Holistic Model
of a Business
Ecosystem (BE)

-

,._
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Integrated Industlial&'&\_ ‘,&' 7.
4/ i

b

A Holistic Model
of a Business

Ecosystem (BE)

Transformation
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FrAb S RANRI, R R R E MBS

EAVESRSR HRMAMIEIS S Ak PNV E S
MEIg 5 A% (BE2.0) (RbV3.0) MEBIg 5 AiE(1EL1.0)

Inventing/AzBH Scaling-Up&Ef* Adaptingi&
Generating Expanding business Industrial System
Innovative ideas, capacity to cope with responses to the
Product design & market growth and environmental
business models competition requirements changes

Activatingi#;E Integrating&Emk Operatingi&{E | | Impacting&2i

Motivating dormant Identifying all kinds Industrial system Industrial system
and fragmented resources and raising operations feedbacks to the
funding to integrate management to

resource pool resource pool

fragmented resources achieve higher

*EM MANACEMENT into a team efficiency
POLICY
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Key Building Blocks of IE 2.0:
(IE20=IE1.0+BE 2.0+ RbV 3.0)

1. Classical Industrial Ecology (IE) 1.0 (page 3-4):
= Cleaner Production Technology
* |ndustrial Symbiosis
= Circular Economy

2. Business Ecosystem (BE) 2.0 (page 5-6):
» Classical Business Ecosystems
= Dynamic and Holistic Model of Business Ecosystems
3. Resource based View (RbV) 3.0 (page 7-8):
= Resource based View focusing on organisational resources

= Natural Resource based View focusing on the interactions
between natural and organisational resources

» Resource cascading strategy for its potential values

MANAGEMENT —
CF[‘EM TECHNOLOGY %5 UNIVERSITY OF
POLICY
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A Simplified Mapping about Industrial Ecology (IE 1.0)

APEFIS
(1995

Key South Korean At to China _ '

Institutional Promote National EU Horizon 2020
; Guideline for  €mbodies “Circular

events on IE Environmental Economy” |

Friendly Industrial ElPs (2006) |

Structure China Law to :

Promote Circular |

|

|

Economy (2009)

Industrial No action and/or “solution by
sector level e

. lack of dilution
practice of IS

recognition for

End-of-pipe
treatment

|
Cleaner Production : . |
_ . Industrial Symbiosis
1972—United Nations Conference St two- definiti :
on the Human Environment, reamtwo: ae m! lon, |
Stockholm processes, dynamics I
; |
Industrial 1987—Brundtland’s Report “Our mechanisms |
Ecology Common Future” and the concept Chertow (2000, 2007, 2009, :
Related Areas: of sustainable development 2012, 2016 ); :
Cleaner 1989—CP_ progre_lmme at UNEP Boons et al. (2009, |
] 1992—United Nations Conference 2011,2012,2014; 2016); [
Production, on Environment and Development e ' T |
Industrial and the adoption of Agenda 21 : ——— Paquinand Howard-Grenville |
SymbiOSiS 1994—UNIDO/UNEP NCPC Industrial SymblOSlS (2012), Walls and Paqum l
’ . 2015); Sy —
and Circular z;?s;arsssp’ International Stre{:mj one- _ 2015)) IS Stream three:
Economy Declaration O?n gpema ‘ona empirical observation Diverse IS (Industrial
and conceptualization complex, EIPs,
Frosch and Gallopoulos (1989), Regioinal IS)
Lowe and Evans (1995) Zhu et al. (2007);Short et
al. (2014); Cote (1995);
Ehrenfeld and Gertler (1997) th(nf Al )/f)n1 n\( )
r T U Ur. (Zvivjg T

|
; %mV'ERSITY 0I

—_—— e e e = =
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A Simplified Mapping for Business Ecosystems

Cambridge CIM Research Work

How:

« Design/nurture process
e Strategy process

« Evaluation process

* Health assessment

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, lansiti & Richards I(?;gfglrlgEShi
(2006): Assess constru-cts, Adner (2016):

ecosystem health
and performance

ecosystem

configurations
structure VS

the nurturing

What: process e::ostystem
« Constructs lansiti & Levien Adner (2012): strategy
« Mechanisms Eioo?' 4 players ecosystem Rong et
. . . eystones, strate for aI(2015) 6C
Conflg_u_r_atlons dominator, niche| Teece (2007): innovggon el
« Capabilities players and hub | apply _d_y.namlc Shang (2014):
« Adaptations landlords) capabilities to o
p business BE capabilities
« Evolutions Moore (1996): Rong (2011): | and dynamics
BE static ecosystems | 5 phases of I
model the BE
lifecycle Shang and Shi
Moore (1993): Adner Adrrer & rapoor—| (2014): Chinese
origin of the (2006): (2010): Shandong Low " .
"""""""""""""" concept ~| Innovation introduce the Speed EV Industry || i
Why & Ecosystem concept of and Dynamic BE ;
) “complementor” | Model (BE 2.0)
What For: into business
« Why does it emerge Moore (2006): ecosystems
« New requirements ecosystem as an (Kapoo)r & Lee ;
isati 2013):importance o
« New contexts organisational form for \ e
. economic organisation complementor” in
« Triggers business ecosystems
O O > ) > O
\ 4 \ 4 \ 4 A 4 A 4
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CAMBRIDGE

18%[fM MANAGE LO95 2000 2005 2010 2015
TECHNOLOGY
POLICY



A Simplified Mapping for RbV Theories

How:

» Design/nurture process
» Strategy process

« Evaluation process

'+ Health assessment

What:

RBV was first raised by
e Constructs | Wernerfeltin 1984. The
. roots of RBV trace back to
Mechanlsrr?s Ricardo’s insights (1817)
« Configurationgyo |and rents and

« Capabilities | Penrose’s theory (1959) of
. Adaptations the firm growth

 Evolutions

e.g. Rumelt, 1984,
Barney, 1986 &1991,
Montgomery &
Wernerfelt, 1988; Peteraf,
1993; Amit &
Schoemaker, 1993;
Dierickx & Cool, 1989;
Grant, 1991; Kogut&
Zander, 1992; Mahoney &
Pandian, 1992;
Wernerfelt, 1995

Why &

What For:

* Why does it emerge
* New requirements
* New contexts

» Triggers

RbV 1.0 — Classical RbV

Phase 1: Introduction and
definition; historical theoretical
comparisons; preliminary
strategy models. Focus:
competitive advantage, resource
attributes.

RbV 2.0 - Natural
Resource-Based
View (NRBV)

Hart, 1995;
Grant, 1996;

Oliver, 1997;
Teece, 1997;

Coff, 1999

Phase 2:
started from
the middle of
the 1990s,
dynamic
capabilities,
and resource
appropriation
by different
stakeholders,
etc. Focus:
spin-offs of
RBV

e.g. Aragon-Correa&
Sharma, 2003; Barney et
al. 2001; Bharadwaij,
2000; Chan, 2005; Das
&Teng, 2000; Lavie,
2006; Peng, 2001;
Richard, 2000; Wade,
2004; Wang & Barney,
2006; Barney & Clark,
2007; Hoopes & Walker,
2003; Kraaijenbrink et al.
2010; Priem& Butler,
2001; Sirmon et al.,
2007

Phase 3: RBV has been
widely applied and
enriched through
empirical studies since
2000. Focus: Building
micro-foundations of
resources and
capabilities in a dynamic
environment.

e.g. Sirmon et
al., 2011;
Schmidt & Keil,
2013; Jensen et
al., 2015; Biggs,
2016; Bromiley
& Rau, 2016

Phase 4: Inter-linkage
and synthesis with
other theories;
relations between RBV
and sustainability.
Focus on resources
and its Impacts
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Chinese Manufacturing Evolutions
and Inspirations: IE 2.0 for the Future

' 1
| 1
| | | |
'
H '
i
I
i P tare Chinese Industrial System: i
: The Business Collaboration: CMS Notwork Lavel She’rfnzhen S A Process based Model for Industrial Ecosystem
! —_— - tbreal
: t + ﬁﬂ * . AN +E ﬂ‘-?:'l] B{]“ = _*ﬁ” mobile phone cluster Bototionaey SIEEE (205 Business Ecosystem | | Resource based View | | Industrial Ecology
stage s e | _(BE2.0} Approach (RbV3.0) Approach (IE1.0) Approach
: " [n‘wumc rer "' -‘-----‘--‘--h:—qﬂ'-::--::::.’-"
' International 400+ IC 2000+ Solution L e
" i - L

! Trading Firm Design Gempanies -
! (import/export) Companies o -
i % .7 2000+
i S Distribution Inventing Scaling-Up Adapting
! Companies Generating Expanding business Industrial System
1 and Innovative |deas, capacity to cope with responses to the
| Product design & market growth and environmental
: 3 Mzaolgi:e':illl?n:s business models competition reguirements changes

|
I
i Dongguan Chinese 99% Local Activating Integrating Operating Impacting
: Government Factory PR Motivating dormant Identifying all kinds Industrial system Industrial system
| its Fin M T Sourcing; and fragmented resources and raising operations feedbacks to the
' or its Firm gmt Team 200,000 People resource pool "fundmg to Tet:gn?r::; r:i:ig\;n;:;:etrﬂ resource pool
i tnmﬁx;g}gg; Involvement ‘{ ‘d‘;‘,‘ﬂ‘gr&')‘; CF[fM et inte a team efficiency t’:ﬁ%ﬁ;
I
'
I
'
I
| |

Chinese industrial System: Firm Level
Penetration, Expansion, and Learning ...

RPN

R&D Inward o du:In Qutwar@ Customer
Engineering Logistics Logistics Service

g ]k

UNIVERSITY OF
CAMBRIDGE

IfM

iTime: Before 1980s || 1980 1985 1990 1995 2000 2005 2010 2020

MANAGEMENT UNIVERSITY OF
TECHNOLOGY
POLICY CAMBRIDGE




1IE2.0 = IE1.0 + BE2.0 + RbV3.0

T a. k e - a.W a.y - IE = Industrial ecology

 BE = Business ecosystem

% tEB 1;]-(“‘J 'rT:l'iilE‘H_ ./lA I]E * RbV = Resource based View

a PRV ERS2.0 (1IE2.0) R ER RN & SEICERE L,
LA ELESRFEERIC (BE 2.0), LEEFERN
[ EfENEEFETENSE =RABFEWEIE (RbV 3.0),
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A Process based Model for Industrial Ecosystem
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Thank you very much!

Questions and Discussions

Yongjiang Shi (&&iL)

Institute for Manufacturing, Cambridge University
17 Charles Babbage Road, Cambridge CB3 OFS, UK
Tel: +44 1223 339 560 E-mall: ys@eng.cam.ac.uk
www.ifm.eng.cam.ac.uk/people/ys/ WeChat: y10003s
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