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Today: Eco-Efficiency Grand Challenge: 
Resource Efficiency in the Factory

Next month: Eco-Factory Grand Challenge: 
Optimisation, Rationalisation and Resilience 
Tools

Future months: much more to follow!!
… and it could be you…

Typically first Thursday of the month

Technical webinar series – schedule
5 FEBRUARY 2015

We will record this 
webinar and issue the 
recording afterwards

Slides will also be made 
available

Please use chat to raise 
questions throughout 
the presentations

Questions after this 
presentation finishes? 
Please contact

Dr Mélanie Despeisse 
<md621@cam.ac.uk>
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Sharing research results and industrial
practice for Centre members

Connecting people within the Centre as 
outside the Centre

Providing feedback, comments, 
suggestions, refinement, etc to those 
presenting

Technical webinar series – the aims
5 FEBRUARY 2015

If you have interesting 
content to share from 
research and 
development, good 
practice, valuable 
results in practice, etc
then perhaps you should 
be scheduled in the 
series.

Contact Sharon Mey cis-
admin@ eng.cam.ac.uk
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How is the Centre structured?
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How the Centre works - Impact

Educating the 

Leaders of 
Tomorrow

TODAY

Bigger Impact, 
faster, wider, 
sooner

Sharing Knowledge

Building & Sharing 
a Vision

Vision

Leaders Accelerator

Sharing Knowledge

WEBINARS … CONTRIBUTING TO SHARING OUR KNOWLEDGE
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16.00   Introduction (Peter)

16.10   Overview of Grand Challenge (Mélanie)

16.20   Modelling (Aanand)

16.35   Engagement (Simon)

16.50   Wrap up (Mélanie)

17.00   Close

Eco-Efficiency Grand Challenge: 
Resource Efficiency in the Factory
5 FEBRUARY 2015

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
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What is eco-efficiency?
DEFINITION – THE CONCEPT

DO

.MORE
WITH 

.
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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 

quick 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.

The Eco-Efficiency Journey
THE FIVE KEY COMPONENTS
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The First Steps to Eco-Efficiency

I am aware of Eco-
Efficiency and I 
understand it

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

Allocate a champion or team 
Who has responsibility 
/authority

Factory Treasure Hunt
Put on your glasses

More advanced analyses
More strategic actions

After a few iterations…
Congratulations!
You have levelled up!

Make the results visible
Share your successes
Scale up your impact

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

GETTING 
STARTED

LET’S 
PLAY

SHARE 
BROADLY
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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. 

EPV TEAM

Across factories of the 
different sectors

Industrial policy, nature of the 
products and materials, 

business models, etc.

Across factories of the 
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.

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

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

Across processes
Efficient use of utility 
resources, i.e. compressed air, 
steam, HVAC systems, etc.
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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. 
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Have you seen performance variation?
A LESSON FROM THE BEST IN CLASS
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Understanding eco-efficiency though 
environmental performance benchmarking

A qualitative approach

Lampros Litos
ll443@cam.ac.uk 
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Environmental performance in factories
3 OPERATIONAL AREAS TO LOOK FOR IMPROVEMENTS

Lampros Litos
ll443@cam.ac.uk 

Wider system re-configurations and long term planning

– System re-configurations (OneSteel)

– Multi-stakeholder engagement 

Extended improvement mechanisms and capabilities

– Process and product design

– CSR reporting (TOYOTA)

– ISO standards implementation (ISO 26000, ISO 50000)

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
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Scales and process areas of application

Progressive and stepwise improvements 

5 maturity levels

15 process areas of improvement

3 scales of operations (color coded)

Cell context is mainly descriptive 

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

MATURITY-BASED ASSESSMENT TOOL

Lampros Litos
ll443@cam.ac.uk 

MATURITY MODELS

To drive research

To drive business 
performance
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Early findings

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

RESEARCH METHODOLOGY AND APPLICATION

Lampros Litos
ll443@cam.ac.uk 

Energy at 
process level 

There is plc monitoring at plant level. No data on individual lines or processes. 
It is scheduled to be monitored in detail. 
They have already conducted full carbon footprint analysis for 2 products. They are 
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. 
However they do not consider water to be a valuable resource. 

Waste Waste is segregated and 80% recycled (paper, glass, plastic). A lot of defect or broken 
glass bottles in the factory.  
Main waste is industrial water that goes to the city waste water plant. (they don’t 
have a waste water treatment in site....! – that’s interesting). 

Water Washing for microbiological cause and allergens. 
They have made a test to minimize the washing cycles. They received the suppliers 
recommendation about the washing cycles. It is also an optimized process per 
product.  
There is also an understanding of using different qualities of water (distilled, 
osmosed, city, dwelled).  
They also use 6 thermo-compressors for steam 5m3/hr 

Equipment Implemented new maintenance software to control maintenance and become 
preventive. Priority analysis with pareto charts to better optimize for important 
equipment. This resulted to 7% energy efficiency (not very clear how they measured 
this number but it was probably on cost calculations). They want to have equipment 
restored to basic condition in 2 years and they expect a little 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 
such as 4M. There is also a maintenance portal area (online) in the company intranet 
where they can be informed about issues. There is also a central maintenance 
manager to control this process.  
 

Energy at 
production 
level 

There is a real-time energy monitoring system (the data are not monitored by 
someone). They fear that there are a lot of small losses that are missed (not seen).  
4 gas burners produce 7 bar of steam but the processes do not require more that 0.5 
bar (One of the students informed me on this – it remains to be verified).   

Materials at 
production 
level 

ERP production planning (SAP provided by Siemens). Quality or environmental scope 
not covered. Mass balances are to be carried out by the Master students. 
Production targets: Cost, quality, rework.  
 
On the production notice board there was an analysis of problems reported and 
solved per production line. However there was not a specification of what a problem 
could be. I asked one of the students to find out how much time/energy this meant 
for the major production lines (that reported most incidents).  
This evidence indicates that transparency in operations is greatly valued by top-

2. How do you maximise your environmental performance through material resources management?

quality 2 Standardization Standardization 5 zero defects, high quality

sewage sludge "disposal" and land fertilizer 1 Re-use Sourcing 4 purchase recycle raw materials

Sourcing 5 full closed loop recycling dkfkdjf- all materials input from recycling chain

Internal recycling 2 increase scrap recycling into process

purchasing strategies for treatment chemicals and minimise expenses1 Procurement

source of materials - as local as possible 3 Sourcing

targets for water sewage works to reduce treatment chemical use1 Optimisation Audits 5 regular resource efficiency audits reveal new opportunities to improve

treatment process optimisation: least in best out 3 Procedures Monitoring 3 highest areas of resource consumption monitored and measure in terms of inputs/outputs

targets for water sewage works to reduce treatment chemical use1 KPIs

not at all 1 Not supported practice

rail 4 Logistics Awareness raising 2 waste prevention campaign

Collaboration 4 supply chain working

Training 4 Development/implementation advanced lean manufacturing (major training program)

recycled raw materials 3 Sourcing Sourcing 4 use another industry byproduct as raw material

using approved recycled materials 4 Sourcing

 

Waste 
 
Present 

Future 

  

Optimisation, 

1

Customer 

requirements

, 1

Prevention, 1 LCA related, 

1Regulations, 

1
Size related 

(i.e. SMEs), 2

Not 

supported 

practice, 2

Personnel 

skills, 2

Training, 3

Internal 

recycling, 3

Audits, 3

Sourcing, 5
Recycling, 6

Waste 

segregation, 

8

Re- design, 9

Standardizati

on, 3
Procedures, 3

Safety, 3

Audits, 3

Logist ics, 3

Internal 

recycling, 3

Technology, 

4 Personnel 

skills, 4

Prevention, 4

Customer 

requirements

, 5

LCA 

related, 5

Business 

model, 5

Sourcing, 7

Zero waste, 7

Waste 

segregation, 

7

Re-

design, 

9

SELF-ASSESSMENT

SEMI-STRUCTURED     

INTERVIEW GUIDE

PEERS’ WORKSHOP
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Engagement and best practices

Turning best practices into habits

Simon Roberts
simon.roberts@cranfield.ac.uk
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How do we learn about practice?

Who do we engage?

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

Learning how to make more out of less

Simon Roberts
simon.roberts@cranfield.ac.uk
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When do champions learn?

When adopting new manufacturing standards

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

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

Learning how to make more out of less

Simon Roberts
simon.roberts@cranfield.ac.uk
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Problem: US energy audits implementation rate <50%

Is this really just about technical and economic issues?

Can we improve the ways in which champions learn 
about industrial sustainability?

Can we get better at learning?

Ask me if you want to 
link to this resource

Simon Roberts
simon.roberts@cranfield.ac.uk
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What are practices?

Equipment: 

• Utilities and factory 
infrastructure

• Environmental metering

• Building Fabric

• Data Acquisition and monitoring

Competences: 

• Technical expertise,

• Familiarity with production systems and operating 
constraints, 

• Data analysis techniques, 

• Understanding of environmental performance 
metrics and common assumptions in calculations 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 
groups

• Sensitivity in specifying 
improvements to groups not 
aware of the opportunity

Simon Roberts
simon.roberts@cranfield.ac.uk
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New practices are rarely completely novel, usually there are pre-existing 
elements that need to form new links in order to be adopted.

Practice Adoption

No water KPINo software 
tools

Inexperienced
technicians

Simon Roberts
simon.roberts@cranfield.ac.uk

Different Factories

Technicians 
undergoing 

training

New 
Software

Monthly 
reporting
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Engagement Opportunity
LEARNING HOW TO MAKE MORE OUT OF LESS

Simon Roberts
simon.roberts@cranfield.ac.uk
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Aanand Davé
a.dave@cranfield.ac.uk
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FEEM is …

1. An operational resource modelling framework

2. For managing assets to make informed decisions

3. An aid in practical implementation and paybacks

Aanand Davé
a.dave@cranfield.ac.uk
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Modelling Framework

Aanand Davé
a.dave@cranfield.ac.uk

Factory Gate Boundary

Inputs Assets Outputs

Modelling Feedback Loop

Energy
Materials

Worked Materials
Input Losses

Material Transformation

Data Capture Modelling Results Implement
Continuous 

Improvement
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Ways to use FEEM

Aanand Davé
a.dave@cranfield.ac.uk

Energy Bills Schedules SCADA Sensors

Electricity
Natural Gas

Water 
Materials

Production
Defect rate 

Change-overs
Maintenance

Facility
Utilities

MFG Cells
Single Machine

Site Networks
Zone Controls
HVAC Systems
Facility Energy

Cursory Modelling Detailed Modelling
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Cursory Model: Site Facilities Level 

Aanand Davé
a.dave@cranfield.ac.uk

Shows energy & material flows, Justifies detailed analysis, Links 
resources to production profiles, Defines simulation control logic
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Detailed Model: MFG Cell Level

Aanand Davé
a.dave@cranfield.ac.uk
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Simulation Results Example

Aanand Davé
a.dave@cranfield.ac.uk

Energy	Model

Spray	BoothAssembly LathesWashes Extruders

0 20 40 60 80 100

BlockedStandbyIdleWorking

As-Is:	Process	&	power	supply To-Be:	Scale	&	localise	power

0

5

10

15

20

25

30

35
Baseline Scenario

5pm4pm3pm2pm1pm12am11am10am9am

kWh

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

Aanand Davé
a.dave@cranfield.ac.uk
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Reasons for Using FEEM

Aanand Davé
a.dave@cranfield.ac.uk

Economic Environment

Quality Performance

Cost per unit of energy
Cost of delivery to plant

Administrative overhead
Taxes & ‘negative’ incentives

Less Defects
Better Working Environment
Reduced ‘harmful’ products

Reduced CO2/NOx Footprint
Localised Energy Sources
Alternate Fuels

Less Breakdowns
Longer life
Reduced Maintenance Cycles
Cleaner Supplies, lower Leaks
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CIMIS FEEM Partners & Collaborators

Aanand Davé
a.dave@cranfield.ac.uk

If you’d like to learn more: www.industrialsustainability.org
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