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o e eneor | T@ChNical webinar series — schedule

INDUSTRIAL
SUSTAINABILITY | & cEBRIJARY 2015

O Today: Eco-Efficiency Grand Challenge:
We will record this Resource Efficiency in the Factory

webinar and issue the
recording afterwards

O Next month: Eco-Factory Grand Challenge:
oliaes willalso be made Optimisation, Rationalisation and Resilience
Tools

Please use chat to raise
questions throughout

the presentations O Future months: much more to follow!!
O .. and it could be you...

Questions after this
presentation finishes?
Please contact

Dr Mélanie Despeisse O Typically first Thursday of the month

<md621@cam.ac.uk>

B8 UNIVERSITY OF Imperial College l. Loughborough
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o e ener | T@Chical webinar series — the aims

INDUSTRIAL
SUSTAINABILITY 5 FEBRUARY 2015

O Sharing research results and industrial
practice for Centre members

fFyounaveinteresting | O Connecting people within the Centre as

content to share from

research and outside the Centre

development, good

practice, valuable O Providing feedback, comments,
results in practice, etc

then perhaps you should SuggeStlonS, rEflnement, etc to those
be scheduled in the .

series. presentlng

Contact Sharon Mey cis-
admin@ eng.cam.ac.uk

B8 UNIVERSITY OF Imperial College l. Loughborough
4% CAMBRIDGE Cmnﬁﬁ{‘ism. E PS RC London University
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EPSRC Centre for How is the Centre structured?

INDUSTRIAL
SUSTAINABILITY

Eco-efficiency
Reducing resourse use (water, energy, materials)
Improvements without radical changes to product or process

Eco-factory

Increasing added value and improving production capability
and responsiveness

Decreasing consumption of natural resources

Sustainable Industrial System

Exploring future configurations of the industrial system and
their implications

Taking first steps to improve understanding of the long term
challenges facing industry

8 UNIVERSITY OF Imperial College Loughborough
CAMBRIDGE Cra nﬁNI\ ERSITY E PS RC LOﬁdOﬂ 9 L Ul'llVCI‘Slty
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o eswc e | HOW the Centre works - Impact

INDUSTRIAL
SUSTAINABILITY | \WEBINARS ... CONTRIBUTING TO SHARING OUR KNOWLEDGE

Vision
Educating the
Leaders of
Tomorrow

TODAY

Bigger Impact, Leaders Accelerator
faster, wider,

sooner

Sharing Knowledge

Building & Sharing
a Vision

Sharing Knowledge

558 UNIVERSITY OF EPS<RC Imperial College M Loughborough
4P CAMBRIDGE Cranﬁgéggsnv E PS RC LOﬁdOﬂ 9 L University
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Some members of the
eco-efficiency grand
challenge team:

Dr Peter Ball
p.d.ball@cranfield.ac.uk

Dr Mélanie Despeisse
md621@cam.ac.uk

Aanand Davé
a.dave@cranfield.ac.uk

Simon Roberts
simon.roberts@cranfield.ac.uk

Eco-Efficiency Grand Challenge:

Resource Efficiency in the Factory
5 FEBRUARY 2015

16.00
16.10
16.20
16.35
16.50

17.00

Introduction (Peter)

Overview of Grand Challenge (Mélanie)
Modelling (Aanand)

Engagement (Simon)

Wrap up (Mélanie)

Close

| ial Coll M Loughborough
9 CAMBRIDGE Cranfield EPSRC  'mperial College LUnivcrsity

INIVERSITY London
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INDUSTRIAL
SUSTAINABILITY
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e cever— \Nhat is eco-efficiency?

INDUSTRIAL
SUSTAINABITY " DEFINITION — THE CONCEPT

VOR

WITH
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O

esceer— The Eco-Efficiency Journey

INDUSTRIAL
SUSTAINABILITY  THE FIVE KEY COMPONENTS

What is your waste worth? Decide to take the journey
towards eco-efficiency and learn to see waste.

How can you do more with less? Find solutions, from
guick wins to more advanced tactics for resource efficiency.

What’s the size of the prize? Understand potential
benefits and set targets.

Where are you now? Assess your current performance
and benchmark yourself.

Where to from here? Identify improvements in a
systematic way, take action and make it a routine activity.

558 UNIVERSITY OF EPS<RC Imperial College M Loughborough
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O

wccener— The First Steps to Eco-Efficiency

INDUSTRIAL
SUSTAINABILITY

GETTING
STARTED

After a few iterations.

Congratulations!

I
Make the results visible L )e ¢lled up!

Share your successes

Scale up your impact
Py P More advanced analyses

More strategic actions

SHARE
BROADLY

Factory Treasure Hunt
Put on your glasses

| am aware of Eco-
Efficiency and |
understand it

It looks feasible, it is
authoritative and it
could work for us

Allocate a champion or team
Who has responsibility
/authority

Low-hanging fruit, quick fixes / easy wins
Switch off, fix leaks, what’s in the bin?

LET’S
PLAY

<» CAMBRIDGE

INIVERSITY

CDCDr i M Loughb
[ UNIVERSITY OF CranﬁLeld EPSRC Imperial College L Un?‘%si?ymugh

London
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EPSRC. Centre for Have you seen performance variation?

SUSTAINABILITY

A variation of up to 500% was observed between worst
and best performing factories manufacturing similar
products with similar technology.

Across factories of the I
different sectors r S .o
Industrial policy, nature of the I =
products and materials, =
business models, etc. I

Across factories of the L
same company '--~---____
Company targets,

established standards |

and routines across

sites, internal
benchmark, KPIs

Within a factory

Managerial and operational practices,
employee training, individual
behaviours, champions, etc.

& CNisripee  Cranficld..,  EPSRC

Pioneering research
and skills

Across factories of the same sector
External benchmark, competitive
advantage through superior
environmental performance

Across processes

Efficient use of utility
resources, i.e. compressed air,
steam, HVAC systems, etc.

Within shift, over time

Seasonal change, day / night shifts,
establishing standards and routines,
level of knowledge over time
(improving and degrading), etc.

Imperial College u Loughborough

London

University
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INDUSTRIAL
SUSTAINABILITY

o eswcener Have you seen performance variation?

A variation of up to 500% was observed between worst
and best performing factories manufacturing similar
products with similar technology.

75,546 kcal/kg
of chocolate

12,59

(1 kcal/kg
of ch@‘c-:)olate

mE UNIVERSITY OF Imperial College n Loyghb‘omugh
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o eswcener Have you seen performance variation?

INDUSTRIAL
SUSTAINABILTY A LESSON FROM THE BEST IN CLASS

Toyota Motor Europe: leaning on production

Environmental impact — KPlIs

]’oward_s a sustainable Energy usage per vehicle (KWh) Water usage per vehicle (m?)
industrial system

With recommendations for education, research, industry and policy

Over 70% Reduction Over 75% Reduction

m'/car
S A MNW R DO OO

g¥ELELE

Years

Waste produced per vehicle (kg) VOC emissions per vehicle (g/m2)

3] Over 60% Reduction E'é: Over 70% Reduction
. 2] e,

20 - )
2 sl § 4

Imperial College M Loughborou
; Eilg'{EBRﬁIIngé Cranﬁgégr%snv E PS RC LOﬁdOﬂ 9 L Ul‘livgcl-ll'sity gh
Pioneering research
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Understanding eco-efficiency though
environmental performance benchmarking

A qualitative approach

Lampros Litos

1443 @cam.ac.uk ‘

58 UNIVERSITY OF ey Imperial College B Loughborough
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Energy Inputs & Outputs

e ene il energy

(lewnymi)

-----

Lampros Litos
11443@cam.ac.uk

Environmental performance in factories
3 OPERATIONAL AREAS TO LOOK FOR IMPROVEMENTS

O Wider system re-configurations and long term planning
— System re-configurations (OneSteel)
— Multi-stakeholder engagement

O Extended improvement mechanisms and capabilities
— Process and product design
— CSR reporting (TOYOTA)
— IS0 standards implementation (1ISO 26000, ISO 50000)

O Technology advances and investment
— Investment in newer technologies based on planning (Darigold)

— Cleaner production projects
A Vietnamese beer producer spending 100% more energy and water than his German competitors

558 UNIVERSITY OF Imperial College c Loughborough
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Pioneering research
and skills Page 15



=N

EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

MATURITY MODELS

To drive research

To drive business
performance

Lampros Litos
11443@cam.ac.uk

Capability Assessment Grid for Eco-efficiency (C.A.G.E.)

MATURITY-BASED ASSESSMENT TOOL

O Scales and

O

Process areas
(dimensionsl of performance)

A
Scales of management

O
O
O

process areas of application

O Progressive and stepwise improvements
5 maturity levels

15 process areas of improvement

3 scales of operations (color coded)

Cell context is mainly descriptive

Facility

[
iy - e
ot &,

i process and
Common causes of variation are identified and improved [ERCISTNSTY
Processes are agile and “best in class”
Targets, standards and measures are used CIRIIVU Performance
Special causes of variation are identified and [EEUCIEEICINN is predictable
corrected

Defined

Departmental
& Team focus

Some organised processes
[THPYP I Performance is repeatable

No organised processes
Ad hoc and reliant on “heroics”
Performance is not repeatable

B UNIVERSITY OF

& CAMBRIDGE Cranfield

UNIVERSITY

EPSRC

A Principle perceived as undermanaged by the WaSC
B by . §

efficacy dependent an

ively managed by the WeSC

€ Conditional- Perception ion of the principle
D p :

E Respondents did not know
F Principle deemed imelevant to the
% Pereentage identified es undermanaged (columns A + B) of total comments (SUM A:F) >65% were

‘highlighted for stream % FED CBA

Natural Capital (NC. x Adapied principle)

NC. 1 Protect/improve hahitat, biodiversity & ecosystem function. 58003 225
. Red issil substanices 10 & ion that can easily be assimilated by natural systems: a. g0 z0 019

" chemical concentrations & nutrient loads; b, GHG , Ozene depleting substance; etc

(. Reduce/eliminate dependency on materials that are naturallv scarce. 8312 010

(. 4 Reducereliminate use of virgin materials & resources 8312 0.0

i on & of man made substances that may prove harmful to
(.5 ecosystem or human health substitute all with substances that can be easily assimilated broken down by 100 fo 0 [0

‘natural systems.

(.6 Use renewable resources only from well-managed & restorative eco-systems.
(.7 Reduction/elimination of waste

iC.§ ase/full recycling of resources

8 00

NC.9 ‘eliminate dependency in the use of fossil fuels
NC. 10 Reduce encrgy demand

Imperial College
London

u Loughborough

University

Pioneering research
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EPSRC Centre for Capability Assessment Grid for Eco-efficiency (C.A.G.E.)

INDUSTRIAL
SUSTAINABILITY | RESEARCH METHODOLOGY AND APPLICATION

engineer_unt operotor or mointenance engineer?

P.m\] 1] z 5 TaTls
= : SELF-ASSESSMENT

[
——

are 4 / Energyat There is plc monitoring at plant level. No data on individual lines or processes.
. . ey Itis scheduled to be monitored in detail.
E a r/ I n d I n S (Roeny amemaens LRl They have already conducted full carbon footprint analysis for 2 products. They are.
e =N = interested for indicators per litre while their customers per bottle.
~ Materials They stated that there is a variation of only 0.5% and they seemed very confident
. about that number. Apparently they make a very efficient use of their materials.
e S e e SEMI-STRUCTURED
| Waste Waste is segregated and 80% recycled (paper, glass, plastic). A lot of defect or broken
glass botles i the factory.
Main waste is industrial water that goes to the city waste water plant. they don't
have a waste water site....| ~ that's interesting). / N TE R VI E W G U / D E
Water Washing for mi ical cause and allergens.
They have made a test to minimize the washing cycls. They received the suppliers
about the washing cycles. It i also an optimized process per

product.
[ There is also an understanding of using different qualities of water (distilled,
T osmosed, city, dwelled).

They also use 6 th for steam 5m*/hr
Equipment i ftware to control mai and become
preventive. Priorl\v analysis with pareto charts to better optimize for |mpqnam
equipment. This resulted to 7% energy efficiency (not very clear I
e UL g e ey
restored to basic condition in 2 years and they expect a lttle increase of cost for the
next 2 years. The train their own people to do the maintenance in order to keep the
know-how within the company.
Looking for leaks 3-4 times a year (at holidays)
Human factor | Analysis problem-solving technique. Each problem analysed by 4M (Method,
Material, Men, Machine) root cause analysis. They started this 4 months ago.
They trained 10 people who will train others in turn as mentors.
Periodical meeting with other Italian plant managers to learn about new techniques
su:h a5 4M. There is also a maintenance portal area (online) n the company intranet

lofos
i(ololole

3

f
per

Process areas
or
A

e ‘where the be bout issues. There is also a central
m—— PEERS” WORKSHOP
Energyat There is a real-time energy monitoring system (the data are not monitored by
= production | someone). They fear that there are a lot of small losses that are missed (not seen).
T level 4 gas burners produce 7 bar of steam but the processes do Ot require MOre thaf e ———ree —
bar (One of the students informed me on this ~ it remains to be verified). . o e [ —
Materialsat | ERP production planning (SAP provided by Siemens). Quality or environmental scf ™™ st s
production | ot covered. Mass balances are to be carried out by the Master students. cvane s prar st and et 1 Rewe oxcra e e N
evel Production targets: Cost, quality, rework. et recycg 2 Increse srap el toprocss .

Y
Scales of management

On the production notice board there was an analysis of problems reported and furcase steesfor estmen chemicts s s Preeement
solved per production line. However there was not a specification of what a prob
could e | sk ne ofth tudent o findouthaw much tine/enerey iy 7es
for the major production lines (that reported most incidents). a
This evidence indicates that transparency in operations is greatly valued by top-

Customer  Optimisation,, Prevention, 10__LCA related, Sandardizati Procedures, 30
i i /| 10 o3 \ /0 '
_ Uszerelated
(i.e. SMEs), 200 Waste
or segregation,
upported =
practice, 20

ing, 30

.10 Safety, 30

Interna PErSOnnel skills, 40

recycling, 3515 20
Prevention, 40
Audits, 30 Customer
Recycling, 60 : Business requirements
Sourcing, 51 model, 501 el 5030

Lampros Litos
11443@cam.ac.uk
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Engagement and best practices

Turning best practices into habits

Simon Roberts
simon.roberts@cranfield.ac.uk

=8 UNIVERSITY OF Yol Imperial College uLOl_lghb_Ol‘Ough
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Simon Roberts

simon.roberts@cranfield.ac.uk

Learning how to make more out of less

O How do we learn about practice?
O Who do we engage?

O How can we break out of a “routine” ways of
working.. and encourage others to do so?

558 UNIVERSITY OF Imperial College c Loughborough
0 Campnipgs  Cranfield — EPSRC [P University
Pioneering research

and skills Page 19
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Simon Roberts

simon.roberts@cranfield.ac.uk

@ CAMBRIDGE

Learning how to make more out of less

O When do champions learn?
O When adopting new manufacturing standards

O When interacting with other teams e.g.
engineering & production

O When they become aware of new practices
(spotting differences/variation)

58 UNIVERSITY OF Imperial College c Loughborough
Cm”ﬁﬁ{‘ism. E PS RC London University
Pioneering research
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o wwc e | Can we get better at learning?

SUSTAINABILITY

O Problem: US energy audits implementation rate <50%

IAC Implementation Rates

= Imp Rate = Average Imp Rate
100+ P verag P

Implementation %

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 S8 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

O s this really just about technical and economic issues?

O Can we improve the ways in which champions learn

about industrial sustainability?
Ask me if you want to

link to this resource
D

Simon Roberts
simon.roberts@cranfield.ac.uk

558 UNIVERSITY OF EPS<RC Imperial College M Loughborough
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o e e \Mhat are practices?

SUSTAINABILITY

Competences:

Equipment:

Simon Roberts
simon.roberts@cranfield.ac.uk

Technical expertise,
Familiarity with production systems and operating

constraints,
Data analysis techniques, O O

Understanding of environmental performance
metrics and common assumptions in calculations O O Meaning:

Meeting or exceeding
environmental performance
targets

Working towards redefining the
minimum non-labour resource
requirements for an activity

Accountability and recognition
important to motivate different
Utilities and factory groups

infrastructure Sensitivity in specifying
Environmental metering O improvements to grouF)s not
aware of the opportunity

Building Fabric
Data Acquisition and monitoring

558 UNIVERSITY OF EPS<RC Imperial College M Loughborough
4P CAMBRIDGE Cranﬁgéggsnv E PS RC LOﬂdOﬂ 9 L University
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o EPSRC Centre for Pra Ctice AdOption

INDUSTRIAL
SUSTAINABILITY

New practices are rarely completely novel, usually there are pre-existing
elements that need to form new links in order to be adopted.

------------------------------------------------------
.

¢¢¢¢¢
* 3

Different Factories

Inexperienced : Technicians

O technicians OO undergoing
: training

rN_ I\

No software No water KPI 3
tools — O o — O
®e . eg2— (O
o 3 New O Monthly
E Software reporting

.
....
....
--------------------------------------------------

Simon Roberts 58 UNIVERSITYOF  (yanfie Imperial College L Loughborough
simon.roberts@cranfield.ac.uk & CAMBRIDGE ﬁ UNIVERSITY % London University
and sk\llsg Page 23




‘ o Y wccer | Engagement Opportunity

SUSTAINABILITY 1) EARNING HOW TO MAKE MORE OUT OF LESS

2decrrees

Simon Roberts
simon.roberts@cranfield.ac.uk

558 UNIVERSITY OF EPS<RC Imperial College M Loughborough
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INDUSTRIAL
SUSTAINABILITY

Factory Eco-Efficiency Modelling
The FEEM framework

Aanand Davé
a.dave@cranfield.ac.uk

QOO
‘\\ /
. SITYO X Imperial College B Loughborough
%EII:[E}?RIIS GE Cran /E s{f:;{. . EPSRC L ogd on 9 ‘ University
Pioneering research
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EPSRC Centre for L
INDUSTRIAL F E E M I S
SUSTAINABILITY (Y X

1. An operational resource modelling framework
2. For managing assets to make informed decisions
3. An aid in practical implementation and paybacks

Factory Site Facility SGL MC
Gate Facilities Machine Processes

Aanand Davé B8 UNIVERSITY OF Imperial College || ® Loughborough
a.dave@cranfield.ac.uk 4% CAMBRIDGE Cranféflég SSSSS E P_S RC London L University

Pioneering research
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o i Modelling Framework

[ o — — — i — — — — — — — — — — — — — — — — — — — — — — — — — — ——— — ——— — o — o

|
|
|
|
|
Energy Material Transformation Worked Materials I
Materials Input Losses :
|
|
|
|
|
|
|

T Modelling Feedback Loop ‘

Factory Gate Boundary

Y |

Improvement

D
Aanand Davé B8 UNIVERSITY OF Imperial College [ ® Loughborough
a. dave@cranfie/d.ac. uk [ CAMBRIDGE Cranﬁglégs{ﬂ M London L UﬂlVCI'SltY
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Energy Bills

Electricity Production

Natural Gas Defect rate
Water Change-overs
Materials Maintenance

Cursory Modelling

Aanand Davé

a.dave@cranfield.ac.uk ¥ CAMBRIDGE

Ways to use FEEM

Site Networks Facility
Zone Controls Utilities
HVAC Systems MFG Cells

Facility Energy Single Machine

Detailed Modelling

.

Sy S
D= =

|

3 PR NI A A
[N o A I A
N

A =] e i

B UNIVERSITY OF Crcmﬁ
u

i B Loughb
gégsrn’ E PS RC ::gﬁgg?]l CO||Ege L Url]ilvgcl.ll'si(zymugh
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o wosmae  Cursory Model: Site Facilities Level

\— Battery Limit Scale 1:100 on A3
Mean Gas = 15704 M?

Mean Electricity = 22643 KWh

Mean production = 2137 units

Factory Area = 17945.92 m2
Shipping
Storage
Retail

Map Legend:
W Gas
I Electricity

Mean Water = 10394 M?*

I Carbon

=== Data required

Mean GHG output =
22643 kg CO,/KWhe

0
", Mean VOC output =
I:<Data Required> [CINode

Exhauxts I Frames produced

Shows energy & material flows, Justifies detailed analysis, Links
resources to production profiles, Defines simulation control logic

Aanand Davé
a.dave@cranfield.ac.uk

558 UNIVERSITY OF EPS<RC Imperial College M Loughborough
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EPSRC Centre for .
Q) . Detailed Model: MFG Cell Level

41318KkWh (100.0 %)

»n
ARARNNANRReR0RRRRERE,
..r MW 8 e 8 o ® ‘ }
16982 kWh (41.1 %) . <
2 o3 : ®
185kW Supply Fan ) > S 3 .
. 2 : .
18144 kWh (439%) Exhaust Fan l Supply Air ‘ = :
L) L
%l‘lllll‘E . ®
_
Exhaust Fan l l ‘ \ Electricity: 1263 kWh (3.1 %) .
Al Spray Robots ‘

7143 KWh (17.3 %)

tt

[ Exh:\.lleln K
EFS
11001k @55%) Central Water 0NN
Exhaust Fan I’

Aanand Davé
a.dave@cranfield.ac.uk
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EPSRC Centre for

wewit - Simulation Results Example

Model the operational processes and areas to show where the largest Apply tactics derived from our library of practices to minimise resource
eco-efficiency opportunities exist consumption and maximise process efficiency

- Working - Idle Standby - Blocked

Assembly  Spray@ooth Washes Lathes Extruders

000,

EEEEEE } Tactics Applied

Extruders Operational Efficiency

0 20 40 60 80 100

Develop operational model using control logic and distributions to help
define potential scenarios & test system changes prior to implementation

Provides comparison of inferential scenarios to predict system behaviour at
defined levels e.g. process energy, material routings etc.

kwh - .
[ Baseline [ Scenario
As-Is:Process®GpowerBupply To-Be:BcaleRMocalise@ower

Simulation Model 20 —

9am 10am 1lam 12am 1pm 2pm 3pm 4pm 5pm

Resource eco-efficiency baseline model is built and experimented upon using
simulation to provide resource saving opportunities

G
Aanand Davé B8 UNIVERSITY OF Imperial College || ® Loughborough
a. dave@cranfie/d.aa uk P CAMBRIDGE Cranﬁglégsn‘l m London L UrllVCI'Slty
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e, Modelling Indicators Example

SUSTAINABILITY

Water footprint is measures direct and indirect uses in terms of % water volume consumed, evaporated and/or polluted, in a given
range or time period. These types of footprints can be split into 4 main types: Blue: surface water evaporated by process or
incorporated into a product. Green: rainwater harvested for active use. Grey: freshwater to dilute pollutants & Black: Sewage

[ Green Water
[ Blue Water
I Grey Water
I Black Water

Raw Processing Treatment Assembley Offices
This example shows the Power Factor (@) heat and target map for each MFG cell across the factory. Anything <0.9 @ is considered
MFG Cell Power Factor — [M;eaneieshow () heat and target mab fo . Anvthin «
get set by the company. Hitting this target is important to save the company additional utility charges

Spray Booths Assembly
i

Lathes Washes
|

Extruders

Aanand Davé B8 UNIVERSITY OF Imperial College || ® Loughborough
a.dave@cranfield.ac.uk » CAMBRIDGE Cranﬁg‘égsm' % London L University
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EPSRC Centre for °
Q) i, Reasons for Using FEEM

Cost per unit of energy

Cost of delivery to plant
Administrative overhead
Taxes & ‘negative’ incentives

Reduced CO2/NOx Footprint
Localised Energy Sources
Alternate Fuels

<€ >

Less Breakdowns

Longer life

Reduced Maintenance Cycles
Cleaner Supplies, lower Leaks

Less Defects
Better Working Environment Quality Performance
Reduced ‘harmful’ products

G
Aanand Davé B8 UNIVERSITY OF Imperial College || ® Loughborough
a.dave@cranfield.ac' uk P CAMBRIDGE Crﬁﬂﬁgégmy w London L UrllVCI'Slty
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SUSTAINABILITY

A~
‘o) wostiae  CIMIS FEEM Partners & Collaborators

2D VITSCE

LUXOTTICA @AIRBUS ol

J
If you’d like to learn more: www.industrialsustainability.org
D
s BOMRG Crofidd,  EPSRC pgRei QLI
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EPSRC Centre for
INDUSTRIAL
SUSTAINABILITY

Technical Seminar Series

Eco-Factory Grand Challenge

Optimisation, Rationalisation and
Resilience Tools

16:00-17:00 5 March 2015 ‘
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