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1. Does supply chain concentration improve sustainability
performance: The role of operational slack and information
transparency. International Journal of Operations and Production
Management (accepted in press). ABS 4*.

2. Dual networks: How does knowledge network embeddedness
affect firms’ supply chain learning? International Journal of
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(8), 1277-1303. ABS 4*
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Who am 1?

Education:
— B.Eng (Hons) - Production Engineering (WIT)
— MSc - Industrial Engineering (MSU) )
— SM - LFM Systems Engineering (MIT) ‘
— PhD - Operations Management (Warwick)

*  Associate Pro Vice-Chancellor (and Professor) gﬁ.

. Executive Dean, Associate Dean (Internationalisation), Head of Department of Management - Durham
University Business School (Professor)

. L/SL/Professor in Operations Management at the York Management School

. EPSRC SRF/RF in Warwick University - Operations Management

2years as Sub-Systems Engineer at NASA - John C. Stennis Space Centre - MS
. Non-Executive Director at the UK National Commission for UNESCO
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Among the newly saved laws is EU Regulation No 1333/2011 - governing the 'standards and requirements in the banana sector'
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95% of Indian shampoo sales are through single use
sachets.
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Wa I ma rt 15% market

25% market and growing
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THE NEW LbOK Elevated Gardens Multi-storey New Dharavi railway Multi-layer
S walkways and open residentialand  station between roads and ﬂ
R N spaces office complexes Sion and Mahim car parks
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$1.5Tn — Luxury Economy
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$1.5Tn — Luxury Economy...
excludes 2/3 of the world
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MYSTERY

« XX has an unemployment rate of 4.4 percent

« 7.5 percent of the population still lives below the poverty line

« 10 percent of the population in XX controls 21.2 percent of the entire
nation’s wealth

« 36 percent of immigrant children live in poverty in XX

19
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Norway has an unemployment rate of 4.4 percent

7.5 percent of the population still lives below the poverty line

» 10 percent of the population in Norway controls 21.2 percent of the
entire nation’s wealth

« 36 percent of immigrant children live in poverty in Norway
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1. Multiple Actors
2. Interact dynamically
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1. Multiple Actors
2. Interact dynamically
3. Direct & Indirect feedback loops
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Multiple Actors

Interact dynamically

Direct & Indirect feedback loops
Open systems

PN
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Multiple Actors

Interact dynamically

Direct & Indirect feedback loops
Open systems

Distributed memory
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Multiple Actors

Interact dynamically

Direct & Indirect feedback loops
Open systems

Distributed memory

Emergent behaviour — non linear
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Multiple Actors

Interact dynamically

Direct & Indirect feedback loops
Open systems

Distributed memory

Emergent behaviour — non linear
Adantive
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» Cities — Trade corridors
« Balancing Complexity
» Citizen-Place Centric
* Quadruple focus
* Evidence driven
Academically driven - pragmatic

TECHNOLOGY FOCUS

SMART SMART
GOVERNANCE CITIZENS

INDEXDNA SMART CITY

A human-centric ecosystem
where physical and cyberspace
system is interconnected to bring
about social, economic, political

\ and environmental changes.
®.

S,

GOVERNANCE CITIZEN

FOCUS FOCUS
GOOD GOVERNANCE
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Circular Economy

One million people live in the 240-hectare Dharavi (2
sg. Kms)

43% of Dharavi are self-employed (US <11%)
Estimated 5,000 businesses and 35,000 single-room
factories

Unskilled average income 150 rupees a day ($2.50)
SDG 1.1 ($1.25 per day)

Skilled average income is 1500 rupees a day
($20.50)

60 primarily schools 13 secondary schools and 8
private

Annual economy approx. $1.6 Bn
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* Mumbai generates 9400 tonnes of waste daily.

*  80% of all solid waste (60% of plastic) is recycled in Dharavi.

« 15,000 factories dedicated to recycling.

» 250,000 people are directly employed by the recycling industry.

Consumer Circular
Economy Economy
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.telegraphindia.com%2Fjharkhand%2Fdoorstep-garbage-collection-push%2Fcid%2F1693165&psig=AOvVaw0E59m2kjgnQ91uj548EDJy&ust=1621410091536000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCPCFzLbd0vACFQAAAAAdAAAAABAe
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.hindustantimes.com%2Fmumbai-news%2Fmumbai-teens-use-summer-holidays-to-spread-awareness-on-hazards-of-plastic-waste%2Fstory-OWMhVYUTpvsQE1N6e4yi4K.html&psig=AOvVaw0FFmQglA6ptKZliWUZyuZB&ust=1621410345202000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLj_47fe0vACFQAAAAAdAAAAABAX
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AR
T . . .
i‘"'ﬁindexdna Circular Economy — Sorting & Segregation "EI%I;E%JI}



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.gold.ac.uk%2Fcalendar%2F%3Fid%3D11220&psig=AOvVaw0Wmo5YF8R0MEOOPx1TnddV&ust=1621410755064000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDs1_3f0vACFQAAAAAdAAAAABAT
https://www.google.com/url?sa=i&url=https%3A%2F%2Ftwitter.com%2Fdharavislumtour%2Fstatus%2F719356606115241985&psig=AOvVaw0Wmo5YF8R0MEOOPx1TnddV&ust=1621410755064000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDs1_3f0vACFQAAAAAdAAAAABAy

AR
@indexdna Circular Economy — Crushing "Durham

University



https://www.google.com/url?sa=i&url=https%3A%2F%2Fdir-www.jiyan88.com%2Fmumbai%2Fpet-bottle-scrap.html&psig=AOvVaw37i-0NkzbXdjI1E_kVTkay&ust=1621411402493000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj-zaji0vACFQAAAAAdAAAAABAP
https://www.google.com/url?sa=i&url=https%3A%2F%2Fww3.rics.org%2Fuk%2Fen%2Fmodus%2Fbuilt-environment%2Fconstruction%2Fslumdog-billionaire--turning-rubbish-into-rupees.html&psig=AOvVaw1kXwOwyPiT_NeY3-UIybM_&ust=1621411060308000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDZ1Ivh0vACFQAAAAAdAAAAABAc

'3
""ﬁindexdna Circular Economy — Washing F%q=DurhaIn
University

<28

AL :
Q\? Ty,
9 U,

Bloombrg



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.gettyimages.com%2Fdetail%2Fnews-photo%2Fworkers-wash-shredded-plastic-waste-for-recycling-in-the-news-photo%2F453513662&psig=AOvVaw1kXwOwyPiT_NeY3-UIybM_&ust=1621411060308000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDZ1Ivh0vACFQAAAAAdAAAAABAx

& A0

indexdna Circular Economy - Sales

citiesabc W Durham

University

WSCF

World Smart C



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.governancenow.com%2Fnews%2Fregular-story%2Fwhat-dharavi-needs-a-garbage-policy&psig=AOvVaw0FFmQglA6ptKZliWUZyuZB&ust=1621410345202000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLj_47fe0vACFQAAAAAdAAAAABAm
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

& dexd Circular Economy — Plastic Waste a8
indexdna y ‘citiesabc "IU)urh_am
niversity

ol

Circular economy

World Smart Cities Fo


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

& Ci : ]
ircular Economy — Plastic Waste oo
indexdna y @cmesabc "&%Ie‘gﬁlgn

Circular Economy

World Smart Cities Forum


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

& A0

indexdna Circular Economy

citiesabc W Durham

University

Maurits Cornelis Escher



https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDrawing_Hands&psig=AOvVaw1KUsAExOsyLGKyetNxCq--&ust=1617872933977000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjDh8Xk6-8CFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=http%3A%2F%2Fplatoandthenerd.org%2Ftitle.html&psig=AOvVaw1FdGpI4p4qyTwGmjpggluk&ust=1617872783828000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJCLy_fj6-8CFQAAAAAdAAAAABAL
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

& AR
Layer 1: Inner core of the IndexDNA framework ..
indexdna y kitiesabc "Durham

University

Consumer =

= % Circular
Economy

= Economy

INTERCONNECTED
SYSTEMS

- < =



https://www.google.com/url?sa=i&url=http%3A%2F%2Fplatoandthenerd.org%2Ftitle.html&psig=AOvVaw1FdGpI4p4qyTwGmjpggluk&ust=1617872783828000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJCLy_fj6-8CFQAAAAAdAAAAABAL
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

A0

/N
citiesabc "Qurh_am
niversity

&

indexdna Layer 2: Open interaction zone of the IndexDNA framework

Dharavi

Government of
Maharashtra



https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fen%2Fthumb%2F1%2F1d%2FIndian_Institute_of_Technology_Bombay_Logo.svg%2F1200px-Indian_Institute_of_Technology_Bombay_Logo.svg.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FIIT_Bombay&tbnid=gMSWKLLoKAONBM&vet=12ahUKEwjs6-av6NLwAhWigM4BHb32Ae4QMygAegUIARC2AQ..i&docid=NwILoxMFG6o1DM&w=1200&h=1170&q=iit%20bombay&hl=en&client=firefox-b-d&ved=2ahUKEwjs6-av6NLwAhWigM4BHb32Ae4QMygAegUIARC2AQ
https://www.google.com/imgres?imgurl=https%3A%2F%2Fcdn.vox-cdn.com%2Fthumbor%2Fp01ezbiuDHgRFQ-htBCd7QxaYxo%3D%2F0x105%3A2012x1237%2F1600x900%2Fcdn.vox-cdn.com%2Fuploads%2Fchorus_image%2Fimage%2F47070706%2Fgoogle2.0.0.jpg&imgrefurl=https%3A%2F%2Fwww.theverge.com%2F2015%2F9%2F1%2F9239769%2Fnew-google-logo-announced&tbnid=JDIVNe2oVZuINM&vet=12ahUKEwjGsIi96NLwAhUN9hoKHZoHBc0QMygAegUIARDTAQ..i&docid=JWw0c9TecYe1RM&w=1600&h=900&q=google&hl=en&client=firefox-b-d&ved=2ahUKEwjGsIi96NLwAhUN9hoKHZoHBc0QMygAegUIARDTAQ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.thedispatch.in%2Fno-spectators-to-be-allowed-in-stadium-during-ipl-maharashtra-government%2F&psig=AOvVaw22JF1bZYxrIf-A9rIcKI1V&ust=1621413080182000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJisi8ro0vACFQAAAAAdAAAAABAT
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

&

indexdna Layer 3: Outcome zone in the IndexDNA framework

A0
be WDurham

University

SOCIAL

JINONOD3

POLITICAL


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

A0

AN
citiesabc "Qurham
I’ll\'el"Slty

&

indexdna Layer 4: Technology Layer in the IndexDNA framework

ENVIRONMENTAL

SOCIAL

m
0
(0]
z
(@]
S
o

POLITICAL



https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.aljazeera.com%2Fnews%2F2020%2F6%2F4%2Fhow-residents-in-indias-largest-slum-are-fighting-coronavirus&psig=AOvVaw0ZY7EExVbIAtwJfMIiLodh&ust=1621420923672000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOi6xOuF0_ACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

Layer 4: Technology Layer in the IndexDNA framework

A0
citiesabc W Durham

University

| . feeo

o«
®

... l i


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.aljazeera.com%2Fnews%2F2020%2F6%2F4%2Fhow-residents-in-indias-largest-slum-are-fighting-coronavirus&psig=AOvVaw0ZY7EExVbIAtwJfMIiLodh&ust=1621420923672000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOi6xOuF0_ACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fmedium.com%2F%40ashish_fagna%2Funderstanding-beacons-building-contextual-apps-6a815d19bb65&psig=AOvVaw0vrsfRf2VDXojJJmwoAbM_&ust=1621421193085000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCICRiOSG0_ACFQAAAAAdAAAAABAX
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.techabc.org%2F&psig=AOvVaw1zoAoiBYZ1-QEvsvLIIdgD&ust=1621340147315000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjQ2-_Y0PACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fworldsmartcities.org%2F&psig=AOvVaw18d-wLfrJ51zp2ka6YNLuN&ust=1621586247469000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNj11tXt1_ACFQAAAAAdAAAAABAR

indexdna

Estimated 5,000 businesses and 35,000
single-room factories

Unskilled average income 150 rupees a
day ($2.50)

Skilled average income is 1500 rupees a
day ($20.50)

Annual economy approx. $1.6 Bn

Consumer Circular
Economy Economy
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