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Learning outcomes

e Identify circular economy concepts and the role of energy in
recycling
« Circular Economy
* Introduction to Waste hierarchy

 Defining the Return of Energy investment for systems
 Apply therecycling levels for Energy Storage devices
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Energy Storage Applications
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Decreasing storage weight)?

ncreasing storage weight
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Luo X, Wang J, Dooner M, Clarke J. Overview of current development in
electrical energy storage technologies and the application potential in power
system operation. Appl Energy 2015;137:511-36.

= —— -—{ - _' supercapacltm"l—_ ! 4::/
Flywheel| e |
_._,.l .
.‘_ | 1| Full cell ||
i —_— I
SMES! i
|
R
| | |
| VRB|
T ——
— o i S e
| {Zn-Br I
| TES
1 A 1 I 1 i
1 10 100 1000
Specific energy (Wh/kg)



Energy Storage Applications
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Circular Economy




Energy intensiveness

RECYCLING

CIRCULAR ECONOMY
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Material selection for Energy
Systems
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Waste production
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Sources of Waste

Households and -
sevicas Electricity, gas, steamand
23800 ' air conditioning supply
Manufacturing 1147
9115
Construction Country dependent...
15137

Mining waste -> IS
considered as a waste

Mining and

quarrying
67 956

Distribution of waste amounts per sectorin 2013, 1000 tons.
(Statistics of Finland 2013)
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Recycling of

Energy Storage
Systems
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The route of Recycling of Metals

pyrometallurgical hydrometallurgical
processing

separation to
processing

collection & manual shredding /
transportation disassembly crushing fractions
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K. Miettunen, A. Santasalo-Aarnio, “Eco-design for dye solar cells: from
hazardous waste to profitable recovery” J. Cleaner Production. Submitted
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Waste Pyramid

Recycle
v

’ Aalto University
School of Engineering
|



Different recycling levels

LEVELS OF PRODUCT VALUE

>
&/ Revive Product &
& P
Bl Reuse Component
&
Recycle Compound
Recover Element

LEVELS OF RECYCLING PROCESSES

A‘, gg:}g;{fg;:‘s;‘i:eering K. Miettunen, A. Santasa_llo-Aarnio, “Eco-design for dye sole_lr cells: fro_m
n hazardous waste to profitable recovery” J. Cleaner Production. Submitted



Different recycling levels: Chair

Additional Energy




Different recycling levels: Chair

Comindware

With no modifications — you
provide the chair to other use
yourself (or to someone else)
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Different recycling levels: Chair

You invest some energy into
the object, for instance, you
change the fabric or paint
the chair.
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Different recycling levels: Chair

You recycle some parts with not
large amount of additional energy,
material structures
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Different recycling levels: Chair
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The chair can also be recycled back
to fibers (wood/textile) and used
in other products.

This step requires the most energy
input.

Additional Energy
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Different recycling levels: Chair

Additional Energy
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Energy Storage Applications
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Take a home message

“We need to ensure that the renewable
energy solutions that we are proposing
are more sustainable than the systems
we are replacing.”




