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Who are we?

conversion major



Getting to know each other

- Name
- What you study (major/level)
- Special interests on Renewable Energy systems
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Topic 1:
Materials for
Renewable Energy
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e N
Which are the
renewable energy
systems that you
know?

—_ J

Renewable
Heat and
Power
Production

AR o Prepare a mindmap



AL Onshore
- Wind
| \

Energy harvesting

(human, anything Renewable Offshore
moving) Heat and
Power
Photovoltaic (PV) Production

\ Solar
/ T Marine —— Wave

Concentrated Solar thermal \
solar power Tidal

(CSP)




Renewable Energy — A new thing?

History of Energy Sources
@J{ e

Can it be used In
Industrial scale?

Jamsankoski Wikiméd|a Commohs B
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Solar Energy utilization \,here can it be used?

Food Processing
Cooking

Process heat Pasteurization
Thermal Fluid Heating

Temperature Control
Heating/Cooling

Water purification

Electricity

Photovoltaics .
Drying

Crop/waste
Chemical Reactions
Photoelectrocatalysis

Photolysis
Photocatalysis

Storage
Sensible heat
Latent heat

A’ Aalto University



Trend of change

PROJECTED U.S. DEMAND B.A.U. 2.621TW)
NET POWER REDUCTION

FROM CONVERSION OF

FF COMBUSTION TO WWS

ELECTRICITY SUPPLY (0.849 TW)

(2.400TW)

100% (1.591TW)

FOSSILS
4+

A VC+ | ) st
NUCLEAR ONSHQIEE WIND (30.92%)

OFFSHORE WIND (19.08%)

— WIND (50.00%)

U.S. POWER SUPPLY

UTILITY-SCALE SOLAR (38.03%) JERSUNYIReT)
(Utility PV + CSP)

HYDRO (3.01%)
GEO (1.25%)

RENEWABLES

2010 2015 2020 2025 2030 2040 2050
(1%%) (5% 1) (20%1) (50%1) (80%1) (95%1) (100%)

Ao Aalto University Energy Environ. Sci., 2015, 8, 2093--2117
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What could the situation look 2030
Finland ] -

Renewables
40-45 %
Waste
Bioenergy

Nuclear power
40-45 %

Wind
Hydro

A ey Fossil  Source: Helsingin sanomat 2016,
Peat Heikki Arola, Data: Energiateollisuus



Cost development

Electric Technologies in EU 1980-1995

10

1985

Photovoltaics (~65%)

0.1 - Wind Power - Best
' Performance (52%)

Cost of Electricity (ECU(1990)/xWh)

ind Power - Average (B2%)

Elecincty from
.__B‘nra{-ss%}
Supercritical Coal (97%)
1588 NGCC (96%)

0.0 T
0.01 0.1

L)

1

L] i ¢

10 100 10004

Cumulative Electricity Production (TWh)
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Tomas Kaberger, Chalmers University of Technology
Uusi Enrgia- Akatemiaohjelman avausseminaari
30.3.2015, Helsinki



Topic 1 — Renewable Energy Systems

Intorduction
to
Technologies
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Solar Energy - differences Solar Heat

Solar
Photovoltaic

Low efficiency 10-3
Wide use

Expensive materials B | i Zenenergy.com.au
» Higher efficiency (40-70 %)

» Limited use
» Cheap materials

P T
*******

commons.wikimedia.org

efergy.com

o » Higher efficiency (25-60 %)
A:, aounversity | Concentrated Solar Targeted use [high temp ]
. Power (CSP) « Cheap materials



Efficiency (%)

Solar PV efficiencies
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National Renewable Energy Laboratory, 2016



Wind Energy - differences

Onshore Offshore

Offshore Wind Turbine
Development for Deep Water

Current Technology

Why?
Differences in material selection...

A, Aalto University
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Hydro and Marine Energy

Wave Energy

Hydro

Hydroelectric power generation g '
D

Tidal Energy

Ao Aalto University
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“It Is clear that no single energy source is going to take
over from the polluting fossil fuels in the new century”
By: I.B Fridleifsson

4 N

How can renewable energy
systems be combined?

- /

Ao Aalto University
]



Renewable Energy - Fluctuations

Energy production

12000 -

7000
2000
3000
— Storage Withdrawl e Wind Solar
sopg == Hydro/Blomass s Storage Charging  =——Dermand

Figure lll-7: Hourly supply and demand, with storage. July 11-17, 2007. Source: IEER.

Ao Aalto University
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Renewable energy

Onshore

e

Wind
\
Offshore

N
N
N
N
N

Energy
Production

Photovoltaic

Solar

Concentrated  Solar heat
solar power

4 R
Which of these are
fluctuating?

A? Aalto University 5 )




Energy Storage

4 N
Which energy

storage systems
you know?

—_ J

Energy
Storage

A? Aalto University Prepare a mindmap



Energy storage systems

Heat
storage
Energy
Electrical Storage
Storage
Chemical
What is the most used storage

electricity storage
system currently?

Ao Aalto University
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Mechanical Storage (90 %)

Reversible Pump-turbine Consumers Energy

Pumped water energy

- Low cost

- Demands proper location,
reservoir

Compressed air in a

tunnel/old mine

- Low cost

- Demands proper location

Flow wheel

- Higher cost
- Flexible to install
- Low capacity (now)

- - e

; ~ Cylindrical
-~ rotor

- - Hub
Vacuum o
enclosure

— Shaft
Magnetic /
bearings - Motor/

" Generator
[

au.pinterest.com

No interesting material
guestions



Transport

Electric Vehicle Fuel Cell Vehicle

Storage is needed also for Transport

Electrical Chemical
Storage storage
,, Aalto University From reading at home:
A - 30 % of all emissions are from transport



Energy storage systems

Thermochemical

N

Latent
> Heat/thermal
Sensible SOELSE

Fuel Cells
battery Storage
systems Chemical

Electrical \ compounds

— Storage ~_

- . olorage T Chemical Fuels
Li-ion batteries / \ storage
Supercapacitors Redox Flow .~ i

Battery

Ao Aalto University
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Energy storage — Technical issues

UPsS T & D grid support
Power quality Load shifting

Bulk power

management

Pumped
hydro

Compressed air
Energy storage

Hours

Flow batteries: Zn-Cl, Zn-Br
Vanadium redox New chemistries

NaS battery
Advanced lead-acid battery

High-energy
supercapacitors NaNICl, battery

Li-ion battery
Lead-acid battery

Discharge time at rated power
Minutes

w
e High-power flywheels
8
)
High-power supercapacitors
1 kW 10 kW 100 kW 1 MW 10 MW i00MW 1GW

System power ratings, module size

Aalto University B. _Dunn et al. “Electric_al Energy Storage for the
A? Grid: A Battery of Choices, Science 334 (2011)
- 928-935



For which type of

application!

o

o

™

Li ion Li ion

— [LiFePO -C Li(TM)O,-C
o
X
S

(aV]
3 Nickel- Li metal-
g : metal i
o - hydride poly
L2
:
()

Sodium-sulfur
o

100 150 200
Specific energy (W h kg)

Primary batteries = Discharged only ones
Secondary batteries = Can be charged and
discharged various times

A, Anfte:tniyeralty B. Dunn et al. “Electrical Energy Storage for the
L Grid: A Battery of Choices, Science 334 (2011)

928-935



Li-ion Batteries

Li-ion batteries

Positive Electrolyte Negative

Cathode  Ejectrode . Electrode

Current Collector . X NLS K Current Collector
/ Discharge \
3-D Lattice P — 2-D Lattice
Charge (Intercalation electrode)
O Oxygen
Carbon
© Lithium o (Gflphih)

O Cobalt
www.if.uni-kiel.de

Large battery pack for EV

3.7V 600mAh Lithium Polymer Battery
for Bluetooth Headset

Ao Aalto University



Vanadium Flow Battery

lon-
selective

Electrode I membrane

Reactions

Electrolyte
tank

Electrolyte
tank

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

Catho @
VY .
Negative electrode:

V3 + e 2 V2

Requirements

Large space for the compartments
Material issues...

Aalto University B. _Dunn et al. “Electrigal Energy Storage for the
A’? Grid: A Battery of Choices, Science 334 (2011)
- 928-935



Supercapacitors

Collector

Electrolyte

Capacitordischarged

Solvated

Separator  ions

Random distribution of ions

wikipedia.org

Ao Aalto University
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Collector

Capacitorcharged

A

TR R R,
,‘__ﬁ'_.,_ + -
\

A

Vi

PN N

S

Inner Helmholtz plane
(polarized solvent molecules)

Mirror image of charge distribution

of ions in opposite polarity

« Can accept and
deliver charge
much faster than
batteries

e Combined with
batteries

e Excellent for EV +
FCV



Fuel Cells

The same structure
load

) ﬂ_/W\/_l Named after the electrolyte
e

depleted fuel and o ] depleted oxidant and
product gases out | il ™ product gases out
HQ—P--—- e = 0|
s AFC -220 °C
H0 4= ol 1 H,0 65
J.-........ _g....;:.._.-...-. SRl
H, —>=S . [=— O, PEMFC 60-80 °C
______ - B ol PATC SUEEE
H, —» A
(CO) [op, = gy O MCFC 650 °C
y - CO,
...... Hzo.‘."i:,.u.. - S .
(CO) H 3 f “Il_ | r—l-_ (..j:g K o
(R [0 428 9; SOFC  600-1000 °C
e e - -
i Lo
fuelin ——m» B ' *+— oxidantin

gA i AN
Oxidation anode’  electrolyte  cathode red uction

Movement of ions, no electron
permiation

A Aalto University
|

F. Barbir, PEM Fuel Cells — Theory and Practice, Elsevier, 2005.



Fuel Cells

Polymer membrane Phosphoric Acid
electrolyteFuel Cell Fuel Cell (PAFC)
(PEMFC) 150-200 =C
30-100 =C

Alkaline Fuel Cell
(AFC)
120-250 =C

Low Temperature

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

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

High Temperature

A’ Aalto University



Fuel Cells

Low Temperature

PEMFC have a solid
polymer membrane as the

Polymer membrane Phosphoric Acid ™. | electrolyte material.
electrolyteFuel Cell Fuel Cell (PAFC) | | Therefore they operate
(PEMFC) 150-200 <=C . under 100 = C where water
30-100 =C |

IS still in Iiﬁuid form.

i They are used in small
Alkaline Fuel Cell i scale applications such as
(AFC) i laptops as well as in fuel
120-250 =C i cell cars.

A’ Aalto University



Fuel Cells

Low Temperature

' AFC were the first
. commercial fuel cells in the
Polymer membrane Phosphoric Acid . | 1960s. They have liquid
electrolyteFuel Cell Fuel Cell (PAFC) || KOH as an electrolyte and
(PEMFC) 150-200 =C ' use chaper Ni, Ag or metal
30-100 =C |

oxides for catalxst.

They are still in use for

Alkaline Fuel Cell space applications,

(AFC) however, AFCs are
and therefore have limited
use in earth.

120-250 <C i intolerant for CO,, poisoning

A’ Aalto University



Fuel Cells

Low Temperature

PAFC use concentrated
phosphoric acid as the

Polymer membrane Phosphoric Acid . | electrolyte material and
electrolyteFuel Cell Fuel Cell (PAFC) | | mainly use Pt for catalyst.
(PEMFC) 150-200 =C |
30-100 =C |

—

They have been installed
for container packages for
stationary electricity
generation.

Alkaline Fuel Cell
(AFC)
120-250 <C

A’ Aalto University



Fuel Cells

High Temperature

MCFC use a mixture of alkali (Li, Na,
K) carbonates as the electrolyte
material that forms highly conductive
molten salt at 600-700 < C. No need
for noble catalysts.

These cells are
precommercial/demonstartion stage
for stationary power generation.

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

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

A’ Aalto University



Fuel Cells

High Temperature

SOFC use a solid oxide (most i Solid Oxide Ful
often Ytria-stabilized Zirconia |
i Cell (SOFC)

YSZ) as the electrolyte material.
(YSz) as y 700-1000 °C

The charge carrier is an O? ion.

These cells are precommercial/
demonstartion stage for stationary
power generation.

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

A’ Aalto University



Electric Current

=) )
Fuelln |€ I Airin .
= ' =5 <=
—_— e ‘ —
b |
2H,-> 4H* + 4e" O o+
H tde > @
4H* + 202 > 2H,0| & . A DY
_ o))
0"
Excess Unused
Fuel and Gases
Water H20 QOut
ki L
/ \
Anode Cathode
Electrolyte

Ao Aalto University

O?% ion as the charge carrier
Operation temperature 700£100°C

Can use various hydrocarbon fuels:
— natural gas

— biogas
— even gasoline or diesel
The fuel is reformed externally in a reformer and
internally within the anode to a H,-rich gas.
e.g. steam reforming

CH, + H,0 > CO + 3H,

Several single cells are connected together to
form a stack

Mikko Kotisaari, VTT



World Energy Hydrogen Conference 2016

A? Aalto University



Hydrogenics

PEM electrolyser

Figure 11. Example of an SOEC stack WWWSC|EIO bl’

Solid Oxide Electrolyser

A? Aalto University
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Electrolysers
PEM electrolyser

Anode
2Hp)0—4HT +4e+ 0,

Cathode
4H" +4e - 2Hy

2H2 0= 2 Hy 0o

En.Wikipedia.org

Ao Aalto University



Electrolyser
Alkaline

Cathode
4H,0+4e - 2Hy +4 OH™

Anode
40H - 2Hy0+ 0y +4e

2H70 - 2Hy + 0,

4e” —»

UZeIle

Anode -7 x Cathode

4+ -

I___—

T

2 H,

<}2H20 «

40H

- OH-<\
/

4 H,0

<« 3¢

Fraunhofer IFAM - Fraunhofer-Gesellschaft

A, Aalto University



Where is the largest
alkaline electrolyser in
Europe?

Ao Aalto University
]

Youtube: alkaline electrolyzer 2, 3.1.2017
https://www.youtube.com/watch?v=tueEBIgKD

K8



Electrolyser
Alkaline

 Woikoski, Kokkola, Finland

Woikoski

Ao Aalto University



Electrolyser
Alkaline

* A mature technology

* Reliable and safe, lifetimes 20-30 years

* High production capacities:
500—760-Nm3/h

 Recent advances:
— Improved efficiecy, reduction in operating costs

— Increased operating current densities, reduction in investment
Costs

A’ Aalto University
|



4 )

EleCtrOlyser Why do we need PEM?
PEM vs. Alkaline
N Y
100% :
90% A
g 80% 3-\ —
3 M
L 70% ; \\ F—a—p
S 60%
Q ] e . "
o 50% 4 Alkaline Operating Range %oor::\ﬁinstl?enal Alkaline
5 40% - e Al 2l N & (leref)
Q .
g’ 30% 7 PEM Operating Range —8— PEM (Proton ref)
S 20%:
10% ;
00/0 : T T T T T T T T T T T T T T T T T T T T
0 500 1000 1500 2000 2500

Current (mA/cm?)

Aq Aalto University K.E. Ayers, ECS transactions, 33 (2010) 3-15.



Solid Oxide Electrolyser Cell (SOEC)

"4y 2H,0 + de- > 2H, + 207

202 > 0O, + 4e

ResearchGate

A Aalto University
|



A?

Aalto University

Group formation

Topics and groups for Task 1 and 2




Group A
Off-Shore
Wind
- Tuulia
- Katriina
- Veera
- Sal
- Konsta

Group D
Solid Oxide
Fuel Cell
- Nikhil
- Jarkko
- Aino
- Judit
- Julia

AT

Group B
Thermal Storage
- Moriam
- Reima
- Riina
- Lucas
- Henna-Liisa

Group E
Concentrated Solar
Power
- Verna
- Hamidreza
- Anna
- Lillian
- Efran

Group C
Flow Battery
- Henri
- Neea
- Veera
- Ella
- Marina

Group F
Marine
- Alexandra
- Karri
- Jacopo
- Jyrki

Continues...



Groups and Topics: Task 1 + 2

Group G

Solar PV Group |
: Pem Electrolyser
- Tomi
- Karim - Marko
. Irina - Sandesh
: - Ahmad
- Frej

Ao Aalto University
|



 Now you have your topic

* You will work alone (at home), in group at the Workshop
— No need to see before the WS

— If you want you can coordinate that you are going to read
different papers (in the future — provide you more depth)

* You will work in this group at the first part of the course,
the groups will change for the third part (you will get to
pick your own topic)

Ao Aalto University
]



Flip | — Reading for the next week

1) Common reference for ALL STUDENTS
— Course book: Chapter 1, pages 1 — 15

2) Newspaper article on your topic

(from your own country — no need to be at language others
understand — you will make a summery)

Preferable not older than 2 years
Some older clips at Finland - MyCourses — Under each topic

A’ Aalto University
]



Flip | — Materials for these applications

3) Provided reference on your topic
or find yourself a review paper:

o Sisolar cells, course book Chapter 11.4 (p. 470-479)
 CSP: “Concentrated photovoltaics” MyCourses

* Wind: “Wind turbine technologies” MyCourses

e Supercapacitors, course book Chapter 8 (p. 317-357)

» Large batteries “Batteries for Grid applications® MyCourses
o Solid Oxide Fuel Cell, course book Chapter 14 (p. 671-694)
 PEM Electrolysers, course book Chapter 9 (p. 383-422)

A’ Aalto University
]



Workshop Il - Poster

The poster at WS 2 should include:
What is the application
How does this application function?
What are the advantages/disadvantages of this application?
What are the materials used in this application?

A’ Aalto University
]



« How long do you need to operate a device to obtain the
energy that was needed to produce the raw materials in
the device?

The DL for this submission is 24.1 at 8.30 am
Submitted to MyCourses

Task 1 gives you both max. 10 p. and both team members
will get same amount of points!

2 Groups will work with a same topic, but should work
independently (and not to come a same conclusion)

Ao Aalto University



* Prepare a power point presentation
— Template available at MyCourses — Assignments

— All the Assumption that were made for the calculations
— List of State-of-the-art materials and how much you need them
— Step by step write down the calculations

— All the values are marked with a reference number, (you can put
all the references at the last slide)

— Submit to MyCourses (each team member own submission,
same file), everyone responsible on their own submission

A’ Aalto University



: ¥ ¢
Reflection l Fa

]

1. The most interesting today
2. | would have wanted to hear more on?

Ao Aalto University
|



