Strategies for Engineer-to-order
Supply Chains: Lessons from
Manufacturing and Construction

Dr Jon Gosling Prof Mo Naim

Cardiff Ysgol

-:- -" e o i ol _'.="'_ '..::- I' v T 3
s '.J- :Er.--.. s - -_l'.' l:-- . : _.:- .r. ] NN
PRIFYSGOL Businessl Fusnes |
Caerdydd
CARD'® R







Cardiff Ysgol
Business Fusnhes
School Caerdydd

Cardiff University Erifysgol Coerdydd

« Ranked 4 in the UK in the last Research Assessment

« 2600 students each year, 130 faculty staff, total 300



LSDG

Logistics Systems
Dynamics Group

Purpose T

Group raison d’etre

..achieve world class research and education
excellence in the advancement of management
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logistical dynamics, via business systems
engineering; in so doing adding value to its
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Brings together control theory, good operations management and industrial
engineering practice, business process engineering and system dynamics simulation
to form an integrated approach to logistics systems dynamics problem solving.
Considers the implications of organisational, attitudinal, financial and technological
factors when instigating business process change.

Analyses, simplifies, integrates and optimises business processes via a generic
modelling approach.
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Construction as a manufacturing
process (?)
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Personal Computer global supply chain

Europe Europe

COMPONENTS ECHELON SUB-ASSEMBLY FINISHED GOODS DISTRIBUTION RETAILER END-USERS
ECHELON | ASSEMBLY | ECHELON | ECHELON |
12 WEEKS 16 WEEKS ECHELON
Europe | Hardfile | | | |
Component Vendors
Plant | (Far East) r—zmm—PIHMEK—PIHMELPI
Europe Japan
Component Sub-Assembl |
Plant Plant ’l\

Components
Plant

Plant

Final > | o
Component Sub-Assembl | Assembly | Distribution T Authorised |
Plant Plant A 4 Centres Dealers
Europe Europe £ 10 | ~ 10,000
Sub-Assembl
| I

Componentg )
Vendors = Company Unit
(Global) PCB
| Vendors
~100's (Europe)
I 8 5 = Non-Company Unit 1

Vendor Base (Global) No. of Units

= Material Flow

| 10005 | '

| (Berry & Naim, 1996)



Supply Chain Focus on Total Customer

Value

Meeting Customer Requirements
Fitness for Use

Process Integrity

Minimum Variances

Elimination of Waste
Continuous Improvement

Customer Support

Product Service

Product Support

Flexibility to Meet Customer Demands
Flexibility to Meet Market Changes

Quality

Service

 Value By

Cost

Lead Time

Design and Engineering
Conversion

Quality Assurance
Distribution
Administration
Inventory

Materials

Time to Market
-Concept to Delivery
-Order Entry to Delivery
Response to Market Forces
Lead Time
-Design, Conversion, Eng., Delivery
Materials
Inventory

(Johansson et al., 1990)




Some definitions

Agility means using market knowledge and a virtual corporation to
exploit profitable opportunities in a volatile market place.

Leanness means developing a value stream to eliminate waste,
including time, and to ensure a level schedule

A supply chain is a system whose constituent parts include material
suppliers, production facilities, distribution services and customers
linked together via a feedforward flow of materials, a feedback flow
of information and flows of cash and resources

The decoupling point separates the part of the supply chain
oriented towards customer orders from the part of the supply
chain based on planning

(Naylor, Naim and Berry, 1999)



Supply Chain Strategies

Manufacturers/
Assemblers

MATERIAW MATERIAM MATERIAL

UO0U DU U0 L | ,DDD[]DDDD

Raw Material
Supplier

Retailer End-Users

_>v< Pull Buy to order

>v< Eull Make to order
W{ Pull Assemble to order
W{ Pull Make to Stock

W{ Eul Ship to stock

' A Stockholding Decoupling Point

(Hoekstra & Romme, 1992)



Impact of the Supply Chain Decoupling Point

Push Plan Pull
Pull Execution The Decoupling Point

Lean supply Flow QiWfaterial Agile response

Number of
Material Flows

i
Demand Upstream from Demand Downstream from
the Decoupling Point the Decoupling Point

Stock Levels at
the Decoupling Point

(Naylor, Naim and Berry, 1999)



The Role of Flexibility

High

Mix Flexibility

Low

Dark = More lean Low High

Light = More agile Volume Flexibility

(Purvis, Gosling and Naim, 2014)



Linking operations to marketing

Metric Agile| Lean
Lead Time MQ | MQ
Service ow | MQ
Costs MQ | OW
Quality MQ | MQ

(Naylor, Naim and Berry, 1999)



Uncertainty reduction in a PC supply
chain

Mass, customisati
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Uncertainty at chip
components business
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Re-engineering phases

(Berry & Naim, 1996)



... Regional

Long term
ity requirem ents

Capacj

Manufacturers A

Manufacturers B

Manufacturers C

term capacity

9 Customised
needs
Site O[)Iy(:ns
manager '} . IS
Sales
assistant Customer
TOTAL UE
DELIVERE

JIT delivery of

kits & contractors
\ ]

B> . (&1
job!

Agile (pull execute)

Lean (push plan / pull execute)

(Naim & Barlow, 2003)




Customisation vs. standardisation

Standardisation

Characteristics

Pure Segmented Customised Tailored Pure
standardisation standardisation standardisation customisation customisation
Design Design Design Design Design

Fabrication Fabrication Fabrication Fabrication Fabrication S
——
®
2
&
S

Assembly Assembly Assembly Assembly Assembly ‘:g
Distribution Distribution Distribution Distribution Distribution
No choice Limited choice Compromise High choice Infinite choice
Relatively low Make-to-stock between cost, Make-to-order Relatively high
cost & lead- Distribution of lead-time Fabrication cost & lead-
time standard finished & choice based on a set time
Ship-to-stock products to niche Assembly-to-order of standard Buy-to-order
market postponed postponed based designs
based on aggregate on customer
requirements choice from options

(Lampel & Mintzberg, 1996)



House building supply chain strategies

Examples

Pure

standardisation

Design
Parts

v

Components

Y

Distribution

v

On-site

assembly

UK
speculative

Segmented Customised Tailored Pure
standardisation standardisation customisation customisation
Design Design Design
v v -
Parts Parts Parts
v v v
Components Components Components
v v v
Sub-assembly Sub-assembly Sub-assembly
Modular Modular
unit as‘sembly unit aslsambly
: : ! !
Distribution Distribution Dtsmbutlon DiSll'ﬁ._JUlim
On-site On-site On-site
assembly assembly asserrbly
Toyota Sekisui Sekisui Pure
Home Heim House self build

(Barlow et al., 2003)



Increasing lead-time

Increasing customisation

Pure
standardisation
e.g. UK

speculative
Segmented

standardisation
e.g. Toyota

Home _
Customised

standardisation

e.g. Sekisui
Heim

Tailored
customisation
e.g. Sekisui

House
Pure

customisation
e.g. pure self
build

(Barlow et al., 2003)

Increasing cost






Why we think ‘engineering-to-
order’ is a useful term?
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CODP Basic Concept

v

I

Demand Upstream from
the Dacoupling Palnt

* Logic of Aggregation
Typically Means

o Standard Work
Processes / Products

» Resources Easy to
Forecast

A

Decoupling
Point

Demand Downstream from
the Decoupling Paint

* Logic of the Specific
Typically Means

* Variety in Work
Processes / Products

* Flexible Resources May
Be Required

Adapted from Hoekstra and Romme (1990)
and Christophe and Towill (2003) Naylor et
al (1999) Lampel and Mintzberg 1(996)



Engineer-to- Buy-to-order Make-to-order Assemble-to- Make-to-stock Ship—to-stock

order (ETO) (BTO) (MTO order (ATO) (MTS) (STS)
Design Design Design Design Design
"L ‘ll’ "L ‘lL 1L
Purchasing Purchasing| | Purchasing| [Purchasing] [Purchasing| |Purchasing

L J k J L 4 L 4 v

Fabrication Fabrication Fabrication Fabrication Fabrication Fabrication|

L J L 4

L J k J L J

IAssembly IAssembly JAssembly IAssembly IAssembly [Assembly

¥ ¥ ¥ v ¥

Distripution Distribution |Distributio |Distribution [Distribution | |Distribution

INCREASING CUSTOMIZATION, LEAD TIMES AND -a?r?&eedr;mgﬁﬂ}ﬂ”ﬂﬂ etal (2007}
COST



Engineer-to-

order (ETOQ)

Co-creation of products - need to
nesion <ammm IMANAJeE design system

A

purchasing Purchasing has an element of
uniqueness — partnerships difficult

Fabrication

] Production process is variable —
Assembly much more like a job shop

L 4

Distribution

-

COST



Engineer-to-
order (ETO)

Design

Purchasing

Fabrication

IAssembly

Distribution

What do we already
know about ETO?

Int, |. Productson Econamics 122 [ 2008 741 -754

{ . Contents lists available at ScieanceDirect l_ ‘_ =
e Int. ]. Production Economics ==
i 3! :

——

journal homepage: www.elsevier.com/locate/fijpe —

Engineer-to-order supply chain management: A literature review
and research agenda

Jonathan Gosling *, Mohamed M. Maim

Cardd]]l Fusiness School, Cardif] Universey Mnnevarne Mamifocturing Research Cenrre, Abercomway Butlding. Cofurmmn Drive, Cardylf, CFI0 ZEU, UK

COST



A system with levels

Clients
Design > Systems Integrator < Regulatory
Pl P2 P3
>
~
A B C D E F G H |

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector



@ [TaskName Gir 3, 2007 Qtr 4, 2007 Gir 1, 2008 Gt 2, 2008 atr 3,2
Jul | Aug | Sep Dt \ Py | Do Jan | Feh Mar A | My | Jun Jul
3 = Block B {Units 48-52)PP2 ' ' T
B G Brick : : 1 | 38 @ Gbrick | : : '
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L4? i WWindow installstion | | | 'I \ |
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45 | [id M Stacks and risers ! ! ' | ' H
43 | Staircases | . ) i i i
0 |[FH Ground floor screed ! ' ! ' ! !
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52 [ Maszonry 1st-2nd | 1 j | | |
53 [ Windovws Finals ! ! ! ! 1 1
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= | RVWPS : : ‘ : : :
6 | [FH First Fix all trades ! ! ! H ' '
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Project
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Characterising Uncertainty and Risk from Project
Team Perspective?

& Soheme Yialility
4 # Economic Market Cpnditions
¥ Supplier Bankruptcy
® Early/Latg Deliveries
32 # Speed|of Construction FEy PRI
* Volatility of Workflow # Accuracy|of Project Plan
—
ﬂJ hy i
£ 3 » Compe ;’Zﬁ-}fgﬁ”& ® Effective Design . Rermission from Regulators
- # Fragmenied Decision Making
%‘ # Geglogy/Site %?’gi'g%iiiﬁgri:liﬁpd}HI‘;]EI:U”"FJE’EE icy of Project [Team Timely/Correct Infg from Consultants
Q 25 # New technology/Technigue \
) # Consisterjcy of S%plie 5 4 Design too Rigid o 1& Late Changesto
— Responsiveness ¢f Suppliers # planning  SPedification
il
Q
S o VATt of EQUIPTENt ™ 2 - /snadaing ok
o Timely/Correct 4 Labour rawing # Shared Objectives
e * S | @ storage Space Approvals
-— # site Access|INfo from Suppliers * Work Space
148 * Delivery 4 Achieving Project Milestones * Cost
Bottienecks # Erfectijeness of Confractua® Bad Weather
Arrangements
1 @ Caparity of Suppiiers ¢ Process
@ Control
Impact on|Local _
€  Community @ Supply
05 ® Damages ’Safery Hazards & Demand
* Security & External
0
0.5 1 1.5 2 2.5 3 3.5 4
ikeali osling, Naim and Towi entifying and Categorizing the
le&llhﬂﬂd Gosli Nai d Towill (2013) Identifyi dC izi h

Sources of Uncertainty in Construction Supply Chains




Typical Problems from a Manufacturer’s
Perspective?

e S g S

|

|

|

Enguiry I
Design & it |

|

|

|

_‘
=}
%]
=
-
m
3
m
=
—*

(==

Approval

Manufacture
:D ‘:: & Assemhbly

Incorrect Specification
Received

Demand Uncertainty
from Project
Environment

Transport

Site
[:> ‘:; Integration

Labour Shortages

Supply Problems

Lack of up to date information

Unable to Establish
Site Readiness

Access Issues

Integration of trades

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector






Transfer of Best Practice

Tustin (1952)

Kramer and de Smit (1974)
von Bertalanffy (1950)

Parnaby (1979)

v
Systems
Thinking

>

Forrester (1961)
Burbidge (1961)

Stalk and Hout (1990)

Towill (1997)

v
Supply Chain
Principles for

MTS

Caron and Fiore (1995) Briscoe and Dainty (2005)
Gosling and Naim (2009) Egan (1998)
Hicks et al (2000) Vrijhoef and Koskela (1999)

Wikner and Rudberg (2004) [reland (2004)

W W

Supply Chain Construction
Principles for 7 Sector Tactics
ETO

Sector Applications Feedback
to Inform ETO Principles

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector



Adopting, adapting, and
implementing improvement
initiatives from MTS
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How do these Principles apply to ETO?



Adapted from Gosling et al 2014

Information Flow

Individual Cycle Times

Time Compression Principle

Information Transparency

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector



RM

[N

Control System

Assembly

Echelon Elimination Principle

RDC

Removes Cycle Times

&

Reduces Potential for Information

Distortion

Control System Principle

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector




Adapted from Gosling et al 2014

RM NDC

Assembly

RoC —Ellz - RT

Synchronization Principle
Decisions, information and orders are co-ordinated and related to
discrete points in time

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector



Lead Time
Monitoring
System

€8P

KFPls
Introduced

©sp)

Project
Management
Systems

INFO)

W W
I I N I

Visual Control
Boards
Introduced

Pareto Supply
Chain Model
Introduced

Collaboration

. Supplier Leadership
Co-location .
Q Training “f'th .regx?arch Coaching
L&l Programme institutions Programme
Physical Base @ @ @
Estahlished Accreditation Risk
CSP I!nt?r:.al for training Management
ogistics
Online Health 8 @ Systems
Consultancy
and Safety , ,
S Head Start
ystems
@ workshops BIM Capabilities
JIT Cluster introduced DFX
SyStemIS Management DEX
@ Framework Workshops Modularity and
Agreements Standard Bid  preassembly
Established Template Measures
Introduced @
Executive Briefing
Workshops
WMWY W W W N W WO
%

Gosling, Naim and Towill (2012) ‘Learning how to eat and
elephant’: implementing supply chain management principles’

CSP

SHOEOEHG

KEY FOR TIMELINE

Time Compression Principle
Synchronization Principle

Contral System Principle
Information Transparency Principle
Echelon Elimination Principle
DesignforX Principle

Learning/ Integration




Complex

Simple

ect

Fhysical Hul

Best Practi TS

Internal Log

Pls

ment LT.

BIM Cqgpabilities

Leadership
Coaching

Head Start
Workshops

luster
gement
kshops

and Safety

sual Control
Boards

Organisational

Gosling, Naim and Towill (2012) ‘Learning how to eat and
elephant’: implementing supply chain management principles’

Network




Enguiry
Design &
Approval

=
o
(%]
=
-
m
3
]
|
=
[ =

Early supplier involvement
DfM/Assembly

Modular Platforms
Component Rationalisation

‘:D Manufacture :> q:: Transport E
& Assembly

JIT Deliveries
Kanbans

Integrated Systems
KPI Systems
Partnerships

Standard Procedures

Site

:> ‘:: Integration

Consolidation Centres
Visual Control Boards

Adapted from Gosling, Towill Naim and Dainty (2014) ‘Principles for the design
and operation of engineer-to-order supply chains in the construction sector






Closing thoughts

ETO is an important model — maintain ETO identify
while translating best practice initiatives

Manufacturing as a construction process (?)
— Shipbuilding, aerospace

Sustainability and Resilience
Complex adaptive systems

Risk and Reward
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