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Learning outcomes

 What are the most commonly used Energy Storage systems
* Introduction to operating principles for ES systems
* Few highlights of the energy system definition
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Learning by Discovery




Example mind map
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Mechanical Storage




Pumped Hydro power

» Efficiency 70-87 %

* Quite low cost (case
by case)

 Demands a proper
location (hight or
reservour)
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Compressed Air Energy Storage

(CAES)
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Efficiency 75-80 %

Low cost (2-3 times
lower than pumped
hydro)

Requires a cavern (or
old mine..)

Utilized still a fuel
(currently fossil)

to heat up the
compressed air before
turbine



Flywheel Energy Storage

Axes of Rotation
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Different type of batteries —why?
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Primary batteries = Discharged only ones
Secondary batteries = Can be charged and
discharged various times
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Lithium-ion battery (LIB) - operation

Current =——>
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Separator/Electrolyte

Aalto University
A School of Engineering
M.K. Shobana / Journal of Alloys and Compounds 802 (2019) 477



The main LIB chemistries
- Structures

LiMn,O, LiFePO,

Layered structures with movable Li ions...

A
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A. Manthiram, An Outlook on Lithium lon Battery Technology — ASC
Central Science DOI: 10.1021/acscentsci.7b00288

12



Different voltages and chemistries
Lithium ion battery (LIB)

Positive electrode Discharge ->
CoO, + Li* + e <-> LiCoO, EC~3.8V
<- Charge

Negative electrode
LIC, + <->C, + Li*+ e EC~0.1V

Full reaction
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The main LIB chemistries
- Properties

Lithium-nickel- Lithium-nickel- Lithium-manganese
cobalt-aluminum (NCA) manganese-cobalt (NMC) spinel (LMO)
Specific energy Specific energy Specific energy
Cost Specific Cost i Specific Cost Specific
power i power power

Life span Safety Life span : 4 Safety Life span Safety

Performance Perfo;i.*n ance Performance
Lithium titanate Lithium-iron
(LTO} phosphate (LFP)
Specific energy Speciﬁ_c energy
Cost Specific 1 Specific
power power
Life span Safety Life span ] Safety
Performance Perfo;;n ance
Aalto University The Boston Consulting Group. Batteries for Electric Cars. Challenges,
A School of Engineering Opportunities, and the Outlook to 2010. Available online:

http://www.bcg.com/documents/file36615.pdf, 18 pages. 14



Vanadium flow battery

. lon-
selective

Electrode I membrane

Reactions

Electrolyte
tank

Electrolyte
tank

Positive electrode
VO?* + H,0 = VO, + 2 H* + e~

Negative electrode:
V¥ +e =2 VH

Requirements

Large space for the
compartments
Material issues...

P. Peljo et al. Green chemistry 18 (2016) 1785

Aalto University
School of Engineering



Supercapacitors

Supercapacitors

v

Electrochemical double layer
capacitors (EDLCs)
Charge storage:
Electrostatically (Helmholtz layer) B
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M.A.A. Mohd Abdah et al. / Materials and Design 186 (2020) 108199
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Supercapacitors - EDLC

Collector

Capacitordischarged

Electrolyte Solvated
Separator  ions

A

Random distribution of ions
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Collector

Capacitorcharged

0000000004

Inner Helmholtz plane
(polarized solvent molecules)

Mirror image of charge distribution
of ions in opposite polarity

» Graphene sheets

e Can accept and deliver
charge much faster
than batteries

* Often Combined with
batteries
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Chemical Storage




Electrolysers — Power to Hydrogen

Hydrogenics

PEM electrolyser

Also Power to X
Larger chemical compounds
(traffic fuels)

Figure 11. Example of an SOEC stack VV\MNSCleIO . br

Solid Oxide Electrolyser
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PEM water electrolyser

Anode

2Hp0—4HT +4e+ 05

Cathode

4H"+4e - 2Hy

2H70->2Hy + 07

https://en.wikipedia.org/wiki/Polymer_electrolyte_memb
rane_electrolysis
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Electrolysers — Alkaline
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Electrolysers — Alkaline

e A mature technology

» Reliable and safe, lifetimes 20-30
years

» High production capacities: 500—
760-Nm?3/h

* Recent advances:

* Improved efficiency, reduction in
operating costs

* Increased operating current
densities, reduction in investment
costs

Woikoski
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Electrolysers — Alkaline vs. PEM
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K.E. Ayers, ECS transactions, 33 (2010) 3-15
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Electrolysers — Solid Oxide Electrolysis

2H,0 2H,

iinode | 2H,0 + 4e- > 2H, + 207

20> > O, + 4e
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Fuel Cells

load
o +r VV\/—‘ The same structure
_ Named after the electrolyte
depleted fuel and L depleted oxidant and
product gases out "+ | product gases out
HO - goull O AFC 65-220 °C
H, —#= H -0 PEMFC 60-30:0
______ T 0| | PAFC SRS
He + e, G
(€0) oo, - COs~ I MCFC 650 °C
e B e
(CO) |Ho —»=0 = B— (),
fuelin ——m '. . B <«— oxidant in
- g anode electrolyte  cathode
oxidation

reduction

Electrolyte: Movement of ions, non electron permiable

A gg::goﬂ'j:;;sgfxee,ing F. Barbir, PEM Fuel Cells — Theory and Practice, Elsevier, 2005.
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Fuel Cells

Polymer membrane
electrolyteFuel Cell
(PEMFC)
30-100 =C

Low Temperature

Phosphoric Acid
Fuel Cell (PAFC)
150-200 <C

Alkaline Fuel Cell

120-250 <C

Solid Oxide Fuel
Cell (SOFC)
700-1000 °C

Molten Carbonate
Fuel Cell (MCFC)
600-700 =C

High
Temperature
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Thermal material

storage
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KL1 onko tdma "thermal storage material?
Knuutila Lotta, 24/08/2020



Different TES material systems

Thermal energy storage

Sensible Thermochemical
(water, ground, concrete, etc.) lchemical reactions)
e.g. hot/chilled water tanks, e.g. silicagel + water
underground thermal energy storage zealit + water
Latent

linorganic salts, paraffins, etc.)
e.g. ice storage, PCM panels
and modules

Aalto University  Simone Landolina, EUREC Agency, 2012, Strategic Research Priorities for Cross-cutting
A Sehoolof Enaineering tacnnology, European Technology Platform on Renewable Heating and Cooling



Thermal storage materials

T /
/
/
/
SENSIBLE 7 S LHSS
HEAT y §\ can store
// N 5-14 times
/, ) more energy

Less mature

More research

needed

Aalto University Sini Backman, Elias Lansisalo, Nicolas Piron & Joel Raikamo
sehootorEnaineering  Group work, Group 5 at CHEM-E5145 Materials for Renewable Energy
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Phase-Change Material
1

Single-component Multi-component
I
| I
Organic Inorganic Eutectic
| I | l I
Paraffin Non-paraffin Hydrate Molten salt Metallic
- 61) T 58 .
PCM |T,*"[C] PCM Imcﬁ '; PCM T[“C | PCM l[é?:] PCM | T, [C]
" 1sHs aC AL-Si
Cighlyg | 282 Capricacid | 28.2 ||| CaClh' |59 50 (| [[NaNO:| 282 ; -
CiHy | 319 61,0 , (88-12 | 587
e : 5 Lauric acid |42-44 w—— {_‘100 NaNO;| 307 Wit%)
208142 e 3 = % 52
CxHu| 41 Mi;'i;“c 49-51|[| Na3E,0 | OB N‘f‘OH 31_8 Cu | 1084%
CyHy| 44 , MgCL- | 115— ||| LIOH | 462
Coll | 47 Brythetol | 118 || w0 | 117 NaCl | 800
CuHso| 51
CyHs| 54
CoHsy | 56 . . .. . .. .
2654 _ Orgamc—orgamc Inorgamc-morgamc Orgamc-morgamc
CoHss | 59
Cyllp] Ol PCM T €) PCM Tw[C] PCM Tn [C]
Cote | 64 Lauric-Capric acid | | g NaNO- KNO, | o,0m NH,CONH,- o
CyHe | 65 (35-65 mol%) (50-50 mol%) NH,NO,
A ‘S‘zlfgolf'gf"gls;;’eering Takahiro Nomura ,et al. Technology of Latent Heat Storage for High-Temperature Application:
A Review, ISIJ International, Vol. 50 (2010), pp. 1229-1239

U



Thermochemical Energy Storage
reactants

Liquid absorption

Solid adsorption

Sorption thermal storage

I

Composite materials

Two-phase absorption — Silica gel/Hz0 Coordination reaction of Composite "Salt in Porous
ammoniate
LiBr solution/Hz0 Matrix" (CSPM)
H20 / NH3 Zeolite (Natural, 4A, 5A, 10X, BaClz/NHs CaClz-Silica gel/Hz0
LiC! solution/HzO Y CaCl/NHs LiBr-Silica gel/Hz0
CaClz solution/Hz0 Novel porous matelrials : MgSOs-Zeolite/Hz20
: ) EIRtcrreect vt aat CaCl-SBA-15/H:0
Strong acids and bases Aluminophosphate (AIPO)/H20 hydrate
solution/Hz0 MgSO:-MgClz-Attapulgite/H20
Silico-aluminophosphate MgClz/H20 9504-MgClz pulgite/Hz
(SAPO)/H20 MgSOu/H:0 CaClz-FeKIL2/H:0
Three-phase absorption Metal organic framework
o SrBra/Hz0
LiCl solution+cystal/HzO (MOF)/Hz0 I
NazS/Hz0

Aalto University
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Yu, N., et al. Sorption thermal storage for solar energy. Progress in Energy and
Combustion Science. (2013) DOI: 10.1016/j.pecs.2013.05.004
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What did you learn?
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