@ “’&
éZngTH%E“&% Zans p-‘- | M U S

VETENSKAP
S8 OCH KONST 9 www.optimus.community

ST

New Trends in Energy
Storage

Constantinos Taliotis
taliotis@kth.se

Introductory lecture — Energy commodities and technologies

This work by OpTIMUS.community is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

2017-10-10 New trends in Energy 1


mailto:taliotis@kth.se
http://www.optimus.community/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Lt PTIMUS

mmmmmmmmmmmmmmmm

Motivation for energy technology research
and development
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Energy Efficiency — Cost Efficiency

 The cheapest kWh is a kWh not generated

* Making the best out of the available resources
Energy Security

e Resilient and robust energy system

* Taking advantage of domestic energy sources leads to reduced reliance on fuel
Imports

Climate Change

* Transition to low-carbon economy

Health and environment

* Reduced emission of air and water pollutants that adversely affect health
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Storage
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Energy can be stored in many forms and several media. Key examples include:

* Pumped-hydro storage >> gravitational

* Flywheels >>mechanical/rotational
e Solid state batteries (e.g. Li-ion batteries) >> electrochemical

e Compressed Air Energy Storage (CAES)
e Thermal energy storage —e.g. hot water
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Capital requirement x technology risk

Pumped Stormge Hydropower (PSH)

Research and development Demonstration and deployment Commercialisation
Current maturity level

&) Electricity stormge &) Thermal stomge

Source: Decourt, B. and R. Debarre (2013), “Electrnicity storage”, Factbook, Schlumberger Business Consulting Energy Institute, Paris,
France and Paksoy, H. (2013}, “Thermal Energy 5torage Today™ presented at the IEA Energy 5torage Technology Roadmap 5takeholder 6
Engagement Workshop, Paris, France, 14 February.
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* improving energy system resource use efficiency
* increasing use of variable renewable resources
* rising self-production and self-consumption of energy (electricity, heat/cold)

* increasing energy access (e.g. via off-grid electrification using solar photovoltaic
(PV) technologies)

» facilitating in electricity grid stability, reliability and resilience
* increasing end-use sector electrification (e.g. electrification of transport sector).

2017-10-10 New trends in Energy 7



Storage applications SEPTIMUS

www.optimus.community

Seasonal storage Figure 5: Stylised French load curves (cold weekday in winter)

Energy arbitrage and
peak demand shifting

Ancillary services
Black start

Water heating

Grid congestion relief

Off-grid energy r—\

demand B . ’_ i
Source: |IEA, 2014 . Energy Storage
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Share of variable renewables in

Storage capacity in 2050

electricity generation (%)

Gigawatts (GW)

50%
45%

35%
30%
25%
20%
15%
10%

5%

0%

2010

2030
China

2050

2010

2030

India

2050|2010 2030

European Union

2050( 2010 2030
United States

2050

China

India

European Union

United States

Z2pTINUS
oy

www.optimus.community

|EAETP 2DS scenario—
80% chance to limit
global temperature
increaseto 2°C

m2011
W 205
M Breakthrough

HEV

Source: IEA, 2014 .
Energy Storage

10



mNuclear

5 I _ I ﬁ ™ RN
P s e e ——_— " St PTIMUS
&0% RE ' Ol Biomass Www.optimus. community
o> : : : : : : : ;[
40% RE I I I I E _I E —I | = Hyd ro pow er
30%RE . : : : : :  ——— | L
St e e s St S s
a id 20 30 40 50 &0 Fit] &0 a0 100 WWind
Percent renewable electricity
<D ' P —————) | "
BO% RE P EE — - i
0% RE poesE | S———— | , meEE - Ghare of
ot e || T
Coore ) ' ' | m @ | el renewables vs
| | | i | ] | i N Hydropower .
- . . —— | ' wen  Storage capacity
30% RE P 5 | 5 _ '
Eeine ' ' e > | | .~ inthe United
: ! : : : ! ' EWind
. 20 ““‘" - o _ . " e Otates in 2050

Total installed capacity [GW)

Source: [EA, 2014 . Energy Storage

2017-10-10 New trends in Energy

11



S,
FKTHS
ST

SeSe

2017-10-10

T \',
"
e
photovoitaiques

SO exactement b CONOMMa-

S

Codt de Nelectricite (LCOT)

25 cents par kWh 8,25 cents par kWh
ﬁgﬁos | 4.800 euros |
e o, | B eAROmeD

Tm::m l sk 3000 M par a1

Don Gu ménage, ot grice au
COMPRour Qui tourne A MNerwvers,

Same LLwALg
s At e St

B facture ddlectriote on fn
S Ao o3t Qe A 2610

.

g
>

Des panneaux photo-
voltaiques et des batteries

65le

18,6 cents par kWh
4.552 euros

(2.8 KWe Ge parvoius
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1192 ewron)
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Une maison déconnectée
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Electricity cost in
Belgium and the
potential for off-grid
generation

Source: www.lecho.be
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Suggested further reading &3 P”MUS
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* |EATechnology Roadmap: Energy Storage
http://www.oecd-ilibrary.org/energy/energy-storage 9789264211872-en
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