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cycling resources embedded in systems
containing Light Emitting Diodes (LEDS)
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product benefits - carbon savings potential:
80% more energy efficient than incandescent
30% less energy used for lighting in 2020 compared to 2006

image: http://www.edcw.org/en/project/cycled



product attributes: complexity a
necessity!

e 7 materials e 30+ materials (17 in LED chip)
 Manufacturing energy 42MJ e Manufacturing energy 343 MJ

(per 20M lumen-hours) (per 20M lumen-hours)
\Use energy 60W / \Use energy 12.5W J

[ ...
(U.S.DOE 2012, U.K. DEFRA 2009) cyc{...ﬁ;,s




product attributes: critical materials a necessity!

Sapphire,
Gallium,
Aluminium,
Gold,
Silver,

Tin,
Indium,
Chromium,
Platinum,
Cerium,
Europium,
Terbium,
Yttrium,
Silicone Carbide,
Silicon

\

Precious metals — electrical contacts
Rare Earth Elements — luminescent phosphors
Indium gallium nitride - semiconductor material
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challenge:
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ttp://www.reuters.tomy/

Social Risk

wwwW.flickr.com

critical materials

Economic Importance
‘Low Carbon’

Environmental Risk
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htt‘p://i/ww.abc.net.au/
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challenge: decoupllng critical resource consumption
from the market growth
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where Is the eco-innovation?

design brief for resource efficiency?

product

Ecodesigj/f o
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where Is the eco-innovation?

optimised production &
supply chain management?

product organisation
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where Is the eco-innovation?

consumer
behavior?
=
product organisation market

cyci.izid
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where Is the eco-innovation?

product organisation market infrastructure

CYCL.i ?J:)




eco-innovation across the value chain

design &
specification

*
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Value production

Ecodesign
Centre wAlse

o producers conversation is technical : specification, performance, efficiency, quality testing,




eco-innovation across the value chain
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Value retention Value recovery

‘It is a hard sell to convince a CEO to change a business model based

on threats or opportunities that have not yet materialized’ (SustainAbility,
2013)

Ecodesign /

Centre i . . . . , . e

S « conversation shift to intangible, future, ‘potential ability CyCiE i3
\ Fnaciunie * designed-in attributes for have little no value to first user! \.




systemic problems lighting sector:

Rapid ‘innovation’ rate  of LEDs inhibits long term thinking.
Lifecycle uncertainty omission from design brief — mechanisms
of value retention/recovery; low intrinsic value of product (ROI)
future resource prices.

Recovery technology uncertainty - hydro vs. pyro-metallurgy

Market uncertainty - demand for & willingness to pay for eco-
Innovation!

Competitive environment  barrier to collaboration (open
Innovation) between organisations (controlled via IP)

SME support requirements (finance, capacity, motivation)

Knowledge barriers to coherent collective strategie s -13
lighting associations with Europe

Application ‘innovation ’'rebound may offset efficiency gains?



Ecodesign
Centre wAlse

Canolfan CyCi...E i::’

Ecoddylunio




\

~ Fraunhofer

PHILIPS

material .
i NOTTINGHAM
InpUtS TRENT UNIVERSITY
S ETAP 7
U m l co re EXCELLENT LIGHTING, SAVING ENERGY

ona

pre-processing & market fl\"\

LIGHTING
use
~ Fraunhofer E

1ZM lifecycle technical solutions

assembly

E-1-P-R-0

Elektronik-Produkt Recycling GmbH

I [Mmweltschutz
Il 2 Edechnologie e V.

\



material
inputs
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MANAGING THROUGH TECHNOLOGY

non-technical opportunities/barriers



material
inputs
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external

: internal | assembly
pre-processing (company) & market

TELECOM
Management

MANAGING THROUGH TECHNOLOGY

tech solutions + non-tech = guidelines
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production consumption

Ecodesign /
Centre Wi Foed "'.\
Canolfan CyCi...i: é..-'=

Ecoddylunio \ ’

®



consumption

make production
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make production consumption
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re-
process

pre-
process EoL re-sell
. \ re-
consumption brand

re-sell

repair

deliver

finish

make

production

assemble

deliver sell @

Ecodesign

Cenire - WHAT ARE THE MOTIVATIONS ALONG VALUE CHAIN?
Eobatyiunio HOW TO DEVELOP SYNERGIES, IDENTIFY TRADE-OFFS
\ WHERE ARE THE WEAK OR MISSING ‘LINKS’?

£\
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close resource
loops

optimise design

embedded impact

finish

make

deliver sell @
optimise production @

resource efficiency service models

. quantify new
slow process business

metabolism opportunities

pre-
process EoL re-sell
. \ re-
consumption brand

re-sell

extended
repair use cycle

deliver

production

test new

high level needs



cycLED: guiding principles of eco-innovation

1. Design product attributes that
maximise the potential for resource
efficiency across the entire product
lifecycle.

2. Align the product/service across
value chain systems to realise
designed-in eco-innovation potential

3. Support the business case for
organisational shift from product to
performance value propositions

4. Valorise new market models which
slow the rate of resource
consumption
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demonstrating longevity (street lighting &
commercial lighting)

Limit technical obsolescence (what about the,
100 year product)?

* service life: warrantee (50,000 —100,000
hours!) upgradability & servicability, future
access to spare parts (printable

components?)
e influence of harsh environment/corrosive Ww'un—lighting.com

gases

« shelf life: adaptability for future smart cities
(monitoring, control)

Limit non-technical obsolescence
 aesthetic durability
 user connection (co-design) http://www.etaplighting.com/
Explore Business Model adoption

 Evaluation of economic potential of Energy
Servicing Company (ESCO) (van ostaeyen, 2013)




demonstrating servitisation (Industrial lighting)

‘show me the benefits’ of service business
model:

guantify service revenues from:

e decommissioning

 lighting system planning

e product co-design (fit for purpose)

 installation (contracted/partner business)

e sensor & controller system — automated
dimming daylight & occupation

o performance based contract (Philips ‘Pay
per Lux’) fixed ‘predictable’ pricing?

. (2
EFWL”O’T 7 HR image: http://www.riva-lighting.de/  CYCi.EzL3

\_/




demonstrating reuse & recovery (domestic
lighting)

luminaire obsolescence:

« stewardship & reuse — second life for
‘unwanted’ products in closed markets
(i.e. hotel chains), design for
refurbishment

e ‘as new’ product offer underpinned by
warrantees & incentives (cash-back)

e emotional durability
e performance branding?

http://www.ona.es/

influence of brand; comparison of diffuse and closed market Cycg...Eféﬁ}\
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default case: recycling potential

safety net:

high cost of manual processing (is design
for shredding the best we can hope for?)

. (/I
CBA of EoL options greenelec

trade offs in recovery — metallurgical laws 7z
(Gold or REES) |/

commercial viability based on volumes &
concentration requirements within BAT

additional pre-processing requirements
Impact on recyclate material intensity.

Learning from other projects

The Agency of Design —
closed loop LED

http://www.hitech-projects.com/



cycLED: emerging approach (challenge and
support)

identi
! fy

diagnostic
& strategic
tools

establish develop guidelines
market actions &
criteria i practices

define

eco-innovatio evaluate
criteria opportunities

validate the
business
model

align with develop deliver

identify the establish the
company
critieria

systems support eco-innovation

vision :
criteria structures project

innovation
structures
competencies
& culture

knowledge & infrastricture

lati hi &
relRLeNSmpa institutions

define product
& service
proposition

the transition from incremental product innovation to significant re-design and
alternate products & services requires a marketplace



cycLED: insight to possible solutions!

de-risk the collaborative landscape:

e partnering to trial new business models - to share risk, costs
& value?

develop support tools:

» to valorize higher level business model innovation (TCO vs.
TVO) communicate performance value of transferable/
flexible ownership?

e to evaluation criteria for successful eco-innovation

success = product + systems value for Reusability,
Recoverability, Durability, Dematerialization etc.

» technical design rules for critical resource efficient products &
non-technical system rules for value chain collaboration.



many design led ‘solutions’ promising much

EoL
optimised
product

FE?::,O'.“ rc;a Extended life . _ Second life
icien product product

product

Product
Service
Model
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Canolan ecodesign offers many product interventions — which embed potential
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closed loop, zero waste, lifecycle thinking,
resource efficiency, ecodesign, lean
manufacture, eco-innovation, cradle to
cradle, biomimicry, sustainable design,
design for environment, five capitals,
iIndustrial ecology, circular economy,
dematerialisation, product service
systems, collaborative consumption, open
Innovation , servitisation




external

internal

challenge business as usual

institutional steer

infrastructural requirements

organisational structures

market engagement

company
management

product/service
offer

now future

‘innovation occurs within a context of inherent uncertainty’ (O’Rafferty 2013)



external

non-technical
collaborative

internal

higher-level requirements?

institutional steer

shift in level of systems
infrastructural requirements integration

organisational structures

shift of Business Model

market engagement service systems criteria

company

management
shift in product / service

proposition

product/service
offer

now future

Product-service evolution / New solutions / Wider-scale application



