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Tavoitteena nettonollapäästöt 2050 mennessä
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Vaihtelevaan sähköön perustuva energiajärjestelmä 

tarvitsee joustavaa kulutusta ja energiavarastoja
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Siirtymä fossiilisten polttoaineiden hyödyntämisestä 
sarjatuotettuihin sähköenergiateknologioihin
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Aurinkosähkön kasvu todennäköisesti yllättää 
lähivuosina
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• Cumulative solar PV installations reached 1 TW in March 2022 

• During the next three years potentially additional 1 TW of solar PV capacity will be installed

• After 2025 global PV module manufacturing capacity will reach 1 TW/a

1000 GW

500 GW



Sähköön pohjautuva Euroopan energiajärjestelmä

Power-to-X Economy: Europe

▪ Zero CO2 emission low-cost energy system is based on electricity

▪ Core characteristic of energy in future: Power-to-X Economy

▪ Primary energy supply from renewable electricity: mainly solar PV and wind power

▪ Direct electrification wherever possible: electric vehicles, heat pumps, desalination, etc.

▪ Indirect electrification for e-fuels (marine, aviation), e-chemicals, e-steel; power-to-hydrogen-to-X

Europe

Source:

Greens/EFA, 2022

Hydrogen 

economy is a 

subset of 

power-to-x -

economy

https://www.greens-efa.eu/en/article/document/accelerating-the-european-renewable-energy-transition


Sähköenergian varastointitapojen luokittelu

92.2.2023 Jero Ahola

Source: Xing Luo, et.al. ,Overview of current development in electrical energy storage technologies 

and the application potential in power system, Applied energy, 137, (2015) 511-536.



Sähköenergian varastointiteknologioiden vertailua

102.2.2023 Jero Ahola
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Oppimiskäyriä sähköenergian varastoteknologioissa

112.2.2023 Jero Ahola

Source: O. Schmidt, A. Hawkes, A. Gambhir & I. Staffell, The future cost of electrical energy storage 

based on experience rates, Nature Energy volume 2, Article number: 17110 (2017) 

Electricity storage learning curves

Electric vehicles 

as a cost driver

Sector coupling 

as a cost driver

Mature 

technology, not 

seires product



• Energy storage creates turnover only when 
it is charged and discharged -> 
Dimensioning and cycles

• In short-term energy storages energy 
efficiency and dynamics dominate

• In seasonal energy storages the investment 
cost  €/  h .  he e  icienc  is  ess i  ortant 
factor.

• In seasonal energy storages there is 
necessarily no relationship between storage 
size and nominal power.

Akkuihin verrattuna polttoaineiden varastointikapasiteetti on edullista ja 
niiden energiatiheys on kertaluokkaa akkuja suurempi

122.2.2023
Lähde: A. Sabartbaeva, et. al., Hydrogen nexus in sustainable energy future, Energy 

and Environmental Science, Vol. 1, No 1, July 2008, pp. 79-85



Power-to-x –polttoaineiden tuotantokustannus on riippuvainen 

jalostusasteesta: energiatiheyden nosto ja varastointi-

kustannuksen alentaminen nostavat tuotantokustannusta

13Source: http://www.neocarbonenergy.fi/wp-content/uploads/2016/02/13_Fasihi.pdf

Baseload 

electricity 

cost

Hydrogen: 

1.5 * 

electricity 

cost 

Ammonia: 2.6 * 

electricity cost (not 

dependent on CO2

DAC

Methanol: 2.9 

* electricity 

cost, (easily 

transportable 

liquid)

FT-fuels: 3.3 * 

electricity cost, 

(energy dense liquid, 

easy to transport)



• Globally there is roughly 650 GWh of 

grid-connected electricity storage 

capacity available. The nominal power of 

storage capacity is 190 GW.

• More than 90 % of current storage 

capacity consists of pumped hydro 

storages. The fraction of lithium-battery-

based energy storages potentially 

surpasses pumped hydro after 2030.

• The dimensioning of energy storages 

(C/P) is dependent on technology. Based 

on US DOE data:

• Pressurized air: 25 h

• Pumped hydro: 3.3 h

• Flow batteries: 3.8 h

• Lithium batteries 1.4 h

• Flywheel: 0.1 h

US DOE GLOBAL ENERGY 
STORAGE DATABASE

142.2.2023



Akkuvarastoista

7.2.2023
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Sähköautojen akut voivat mahdollistaa uusiutuviin perustuvan 
sähköjärjestelmän tarvitseman tuntien tason energianvarastoinnin

Source: Xu, C., Behrens, P., Gasper, P. et al. Electric vehicle batteries alone could satisfy short-term 

grid storage demand by as early as 2030. Nat Commun 14, 119 (2023). 

https://doi.org/10.1038/s41467-022-35393-0

• Majority of global battery capacity will be located in 
electric cars. Estimate is 68-144 TWh, (1-2 billion 
cars)

• Estimate for required grid battery capacity is for 4 
hours, 3.4-19.2 TWh in 2050.

• The short-term grid energy storage need can be 
potentially covered by a combination of EV batteries 
(vehicle-to-grid) and second-use EV batteries as a 
stationary energy storage.



Raskas liikenne voi perustua vaihtoakkuihin
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Description

• Battery pack is located behind the cabin of 
the truck. The capacity is 3-4 times of the 
capacity of EV car

• Battery weights 3.2 tons and it has a 
capacity of 280 kWh

• Battery gives around 150-200 km of electric 
range. It also powers other functions, such as 
the mixing of cement

• Used battery is transferred automatically to 
the battery warehouse and replaced with a 
charged one

• The whole operation takes about five 
minutes



Akunvaihto sähkökuorma-autoon
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Suomessa akun yhdistäminen omakotitalon 

aurinkosähköjärjestelmään on vielä taloudellisesti haasteellista

19

• Two Finnish houses with solar PV system were used as a pilot cases

• The PV system sizes were 21.1 kWp for a house A and 8 kWp for a 
house B. The studied years were 2017-19.

• Hourly PV production, electricity consumption, and electricity SPOT 
prices were used as a source data. Also the cost of electricity sales, 
purchase, distribution, and taxes were taken into account.

•  he va ue o   atter  is  ess than    €/  h,a an   ecreases as the 
battery size is increased. 

• The battery value could potentially increase if it would be used to store 
low cost grid electricity.

Source: Pietari Puranen, Antti Kosonen, Jero Ahola, Techno-economic viability of 

energy storage concepts combined with a residential solar photovoltaic system: A 

case study from Finland, Applied Energy, Volume 298, 2021, 117199, ISSN 0306-

2619, https://doi.org/10.1016/j.apenergy.2021.117199.



Vedyn tuotannosta ja varastoinnista

7.2.2023



Kiinalaisten alkaalivesielektrolyyserien hintataso on jo 300 €/kW -> 

Edullisen vedyn tuotanto ei vaadi korkeaa huipunkäyttöaikaa

21

Solar + wind 

full load 

hours area



Vedyn tuotanto ja varastointi: Tuotanto tulee joustamaan tuulen perässä

22

Source: Alejandro Ibanez-Riojaa, Lauri Järvinen, Pietari Puranena , Antti 

Kosonen, Vesa Ruuskanen, Katja Hynynen, Jero Ahola, Pertti Kauranen, Off-

Grid Solar PV-Wind Power-Battery-Water Electrolyzer Plant: Simultaneous 

Optimization of Component Capacities and System Control, under review in 

Applied Energy.



Vedyn varastointi teollisessa kokoluokassa on suhteellisen 

edullista

23

Lined rock cavern 

(3000 tH2), 44 

€/   2 = 1.3 

€/  h 2

Salt cavern (3000 

tH2 , 1  €/   2 = 

0.  €/  h 2

Pipe storage 550 

€/   2 = 17 

€/  h 2

Source: D.D Papadias, R.K. Ahluwalia, Bulk storage of hydrogen, International Journal of Hydrogen Energy 46, 2021, pp. 34527-34541

• The investment cost of industrial-sca e h  ro en stora e  €/  h  is rou h   a  ercent o  the invest ent cost o  a  atter  ener  storage

• It enables the production of baseload hydrogen based on variable wind and solar power.
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