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Tavoitteena/nettorollapaastor. 2050 mennessa

World Greenhouse Gas Emissions in 2018
Total: 48.9 GtCO.e

Sector End Use/Activity Gas
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Source: Greenhouse gas emissions on Climate Watch. Available at: hitps://www.climatewatchdata.org % WORLD RESOURCES INSTITUTE
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Vaihtelevaan sahkoon perustuva energiajarjestelma
tarvitsee joustavaa kulutusta ja energiavarastoja
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Siirtyma fossiilisten polttoaineiden hyddyntamisesta
sarjatuotettuihin sahkoenergiateknologioihin
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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

Share of global capacity additions by technology
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Dawn of a New Era
The solar supply chain is already shaping up for net zero
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Source: BloombergNEF, International Energy Agency, JinkoSolar




Sahkoon pohjatttva Eurgopan/energiajarjestelma pur

University

= Zero CO, 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.
P e 20402050 = Indirect electrification for e-fuels (marine, aviation), e-chemicals, e-steel; power-to-hydrogen-to-X

Solar PV single-axis: 900,5
Solar PV prosumers: 964,9
Wind Onshore: 3058,7
Wind Offshore: 1681,6
Wave: 266,2
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https://www.greens-efa.eu/en/article/document/accelerating-the-european-renewable-energy-transition

Sahkoenergian varastointitapojen luokittelu
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Fig. 7. Schematic diagram of a battery energy storage system operation.
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Fig. 4. A pumped hydroelectric storage plant layout.
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Fig. 9. Schematic diagram of a supercapacitor system.
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Fig. 12. Topology of hydrogen storage and fuel cell.

Fig. 5. Schematic diagram of a CAES plant/facility.

Source: Xing Luo, et.al. ,Overview of current development in electrical energy storage technologies
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and the application potential in power system, Applied energy, 137, (2015) 511-536.




Sahkoenergian varastointiteknelogieiden vertailua sty

Grid support & balancing

Weeks PtXtP (CH;0H, CH,4, NH3, etc)

Days

Hours

Discharge time at rated power

Minutes
Seconds Super capacitor -rrgﬁir?c?-ltrip
efficiency
1 kW 10 kW 100 kW 1 MW 10 MW 100 MW 1 GW g
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Oppimiskayria sahkoenergian varastoteknologioissa ¢ bimversity

Electricity st | : Mature

eCtlriCity Storage learning curves technology, not
20000 i | | | | | | | * System = Pack *Module  Battery seires prOdUCt
10,000, 7o, 1 [ « Pumped hydro (Utility, -1+8%)

“& 5,000 A ) = + ¢ Lead-acid (Multiple, 4+6%) . .

g " oma X A A‘ ) /63;:,0%?5 Lead-acid (Residential, 13+5%) EIeCtrIC VehI_CIeS

:g 2,000 T . 2 . ". -‘._.. = , “ @”J//-/@ T (4 Lithium-ion (Electronics, 30+3%) as a COSt nger
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1
T
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as a cost driver

= Fuel Cells (Residential, 18+2%)
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o

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)
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niiden energiatiheys on kertaluokkaa akkujassuurempi

* Energy storage creates turnover only when

it is charged and discharged -> A
Dimensioning and cycles 4 PE:iefe.l o)
i etro
* In short-term energy storages energy :
efficiency and dynamics dominate c:m
7h

* In seasonal energy storages the investment

cost (€/kWh). The efficiency is less important 6f T .,
factor. 5| ) a%ﬂ?dr;e

Hydrides of

 In seasonal energy storages there is o light elements

necessarily no relationship between storage

. . Liquid hydrogen
size and nominal power. quid hydrog

Energy density (kWh/L)

33.3 kWh/kg
2|
@ < >liquid hydrogen tank
L C‘E)\Li-ion batteries
Compressed Hy (700 bar)
% 2 4 6 8 10 2

Specific Energy (kWh/kg)

Lahde: A. Sabartbaeva, et. al., Hydrogen nexus in sustainable energy future, Energy
2.2.2023 and Environmental Science, Vol. 1, No 1, July 2008, pp. 79-85
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jalostusasteesta: energiatiheyden nosto ja varastointi-
kustannuksen alentaminen nostavat tuotantokustannusta

)
70
Q () Q
c c c
c c c
o o o
= = =
w W w
({e) (2]
3 3 2
PtL MeOH DME NH3
(g J —

FT-fuels: 3.3 *
electricity cost,
(energy dense liquid,
easy to transport)

Methanol: 2.9
* electricity
cost, (easily
transportable
liquid)

Ammonia: 2.6 *
electricity cost (not
dependent on CO,
DAC

Source: http://www.neocarbonenergy.fi/lwp-content/uploads/2016/02/13_Fasihi.pdf
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US DOE G LOBAL EN ERGY Cummulative Sum of Energy Storage Installations by Year
STORAGE DATABASE

* 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 I““II““
capacity consists of pumped hydro L --lllll“l

Rated Power (kW)

storages. The fraction of lithium-battery- o i
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 l” “I“II

Rated Capacity (kWh)

N + © m = m
L . = w u uw uw (V] w w O nel
° Pumped hyd ro: 33 h T T T T T T = =i S
. MNotes:
L4 FIOW batterles 3 8 h 1. If the project commisioning date is not available in the database, the year represents either the constructed date or announced date. The projects for which the
constructed/comissioned/announced date were not available have been omitted from the visualization.
. . . 2. The discharge duration of a few projects are missing in the database and thus are not included in these visualizations. Please download the full database from the
® L|th|um batte”es 1 4 h Projects page for more accurate information.
3. Details on energy storage technology categorization can be found at U.5. Department of Energy's Energy Storage Handbook
f'I'_LU‘;.Z."."\"\".’.".'.' Sdndig.govie :':-'I'_‘..I:_'l| cations/dos-oe-resaur L‘:"b-‘l:";.'ll.'l]
* Flywheel: 0.1 h
yW . Technology Mid-Type Unknown Heat thermal storage . Mickel-based battery
Compressed air anergy storage . Hydrogen storage . Purmped hydro storaga
2 2 2023 . Electro-chemical capacitor Latent heat . Sensible haat
e Flow battery . Lead-acid battery Sodium-based battery

. Flywheal Lithium-ion battery . Zinc-based battery
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Sahkoautojen akut voivat mahdollistaa uusiutuviin perustuvan
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sahkojarjestelman tarvitseman tuntien tasonenergranvarastoinnin

a 160 - b 35
- Majority of global battery capacity will be located in §_ 10 [pctearars e g | —sDNoX
. . . _ _ gy “’é 120 L gé ——STEP-NCX

electric cars. Estimate is 68-144 TWh, (1-2 billion EE 2 [ bring demand £Es |
CarS) é‘% 1:2 :;lTechnicaIvehicle—to-grid'-"'-:,?; 3§§20
%.E capacity 7 _Egi =
- Estimate for required grid battery capacity is for 4 8501 - B2

hours, 3.4-19.2 TWh in 2050. 8% « i 83 ¢ |
0 0

° The Short_term gnd energy Stolrag.e need can be . STEP-NCX STEP-LFP .SD—NCX SD-LFP 10 20 30 40 -50 '6(-] '70 80 90 100
potentially covered by a combination of EV batteries Seenares vencistond peripeton ree 9
1 1 1 ig. lobal available vehicle- rid capacity in . a Technical vehicle-to- and Storage Lab models in orange shading). Please see Supplementa
(VehICIG-tO_grld) and Second_use EV batterles aS a ;fdial:adty.liatched bars indic;:gthe caplzcit;slrimitzsc;lsl:l to-ll;ey factors and blue L?,:.]::forgfobaﬁe:l—world vehiclzeiz(;(rid ca?:}acityunie:STEP—LFPS;n?jlihe SD—Lg

Statl O n ary e n e rgy StO rag e . bars the technical vehicle-to-grid capacity. b Real-world vehicle-to-grid capacity as  scenarios and Supplementary Figs. 17-20 for regional real-world vehicle-to-grid
a function of participation rates. Results are shown for the STEP-NCX and the SD-  capacity.

NCX scenarios with a comparison to the range of storage demand computed by

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

Electric vehicle batteries alone could satisfy

short-term grid storage demand by as earl CoT "y T
- an-1FP .
g g y y o g | EZW DL 2_ol o
iE 8 —
as 2030 35 it SE -~
= d=5
8= I STEP-NCX 28
w3 538
2820 &~ 20
[ o c
o e c
Received: 7 April 2022 Chengjian Xu®" ', Paul Behrens @', Paul Gasper ®2, Kandler Smith®2, €.E 15 =215
Mingming Hu', Armold Tukker®'* & Bernhard Steubing®" g = 28
Accepted: 30 November 2022 <=8 10 E 240
w o 3 (&}
Published online: 17 January 2023 R - N ; g g w2
The energy transition will require a rapid deployment of renewable energy (RE) o 5 g 3 5
@l Check for updates and electric vehicles (EVs) where other transit modes are unavailable. EV bat- & E ©
teries could complement RE generation by providing short-term grid services. 0 0 10 2(') 3;} 4;) 56 S(I) 7;} &IG 96 100
However, estimating the market opportunity requires an understanding of Annual addition Cumulative
many socio-technical parameters and constraints. We quantify the global EV Second-use utilisation rate (%)
battery capacity available for grid storage using an integrated model incor- X e A .
porating future EV battery deployment, battery degradation, and market Fig. 4 | Availability of second-use capacity globally in 2050. a Average annual second-use utilisation rate on cumulative actual second-use capacity and a com-
participation. We include both in-use and end-of-vehicle-life use phases and additions and cumulative technical capacity of second-use batteries in 2050. Here  parison to storage demand in 2050 (orange shading). See Supplementary
find a technical capacity of 32-62 terawatt-hours by 2050. Low participation capacity refers to the technically available capacity considering battery degrada- Figs. 22-25 for regional actual second-use capacity.
rates of 12%-43% are needed to provide short-term grid storage demand tion but without considering battery second-use utilisation rate. b Impacts of
globally. Participation rates fall below 10% if half of EV batteries at end-of-
vehicle-life are used as stationary storage. Short-term grid storage demand Source: Xu, C., Behrens, P., Gasper, P. et al. Electric vehicle batteries alone could satisfy short-term
could be met as early as 2030 across most regions. Our estimates are generall .
Y s generally grid storage demand by as early as 2030. Nat Commun 14, 119 (2023).

conservative and offer a lower bound of future opportunities.

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

17
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Suomessa akun yhdistaminen omakotitalon ,

aurinkosahkdjarjestelméaan on viela taloudellisesti haasteellista =

& T -
«  Two Finnish houses with solar PV system were used as a pilot cases g T .
* The PV system sizes were 21.1 kWp for a house A and 8 kWp for a = 100+ T T -
house B. The studied years were 2017-19. % [
* Hourly PV production, electricity consumption, and electricity SPOT M 90y !
prices were used as a source data. Also the cost of electricity sales, g | T %
purchase, distribution, and taxes were taken into account. % 95 | X X X
« The value of battery is less than 25 €/kWh,a and decreases as the b
battery size is increased. . _W%
- - - 0 = N
+ The battery value could potentially increase if it would be used to store g 10}
low cost grid electricity. 3 [ H
— I
ERR
B Consumption B Consumption E i . House A, RElﬂtllw value
TF .Pruthlrtt.iuu H TH .Pmthmtiuu H _‘: 2-'5 B —|— :['Iffll.,'l:’_'.-l.'.L B., Rﬂ]atl\'ﬂ "n'-'::l.]_ul'!
= | = Relative cost .
6 E 6 E i A
m L 1 L L 1 L MR | L 1 L L 1 L L ..‘..‘I..I.
= °f 1 = 5f 1 1 2.5 5 10 25 50 100
;n 4 1 ; 4 l Battery capacity, kWh
3 g
3 ] s 1 Fig. 12. Relative cost of the investment in a battery storage system divided by 15 years
5 2 of expected operation compared with the anmual relative monetary value of the system.
| | Houwrly net metering is employed for both the houses under study.
1 - 1 i

5] 10 15 20 5 10 15 20

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

energy storage concepts combined with a residential solar photovoltaic system: A
(a) House A. (b) House B. case study from Finland, Applied Energy, Volume 298, 2021, 117199, ISSN 0306-

2619, https://doi.org/10.1016/j.apenergy.2021.117199.
Fig. 1. Average distribution of power consumption and generation throughout the day from March to October for (a) House A and (b) Howse B.
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Kiinalaisten alkaalivesielektrolyyserien hintataso on jo 300 €/kW ->
Edullisen vedyn tuotanto el vaadi korkeaa huipunkayttboaikaa

According to BNEF's new report, I1H 2022 Hydrogen Market Outlook, Chinese alkaline
electrolyser systems cost $300 per kW in 2021, compared to $1,200/kW for Western

equivalents, with proton exchange membrane (PEM]) electrolysers even more expensive,

at $1,400/kW (see panel below).

'China wants to
dominate": Kerry and

Gates urge US to step up
for hydrogen

Record breaker | World's

Read more

largest green hydrogen
project, with 150MW
electrolyser, brought on

line in China

automation.

Read more

However, that price gap will slightly shrink slightly this
year, with improved automation and economies of scale at
Western factories driving down alkaline electrolyser costs

by 17% to $1,000/kW, with PEM systems falling 14% to

$1,200/kW. By comparison, Chinese alkaline electrolysis
set-ups will fall by just 10% to $270/kW.

BNEF puts the cost of a Chinese alkaline electrolyser
system at $220/kW in 2021, with onsite installation at an
additional 550-60/kW and another $20-30/kW for civil
engineering by developers — giving a total cost of
$300/kW.

The analyst adds that “new products with more compact
designs” have sold for even less, pointing to a I3MW
project won by Chinese manufacturer Jingli for 19.55m
yuan ($3.08m) — including all equipment and installation
— which works out at $237/kW. Two of Jingli's 6.5MW
electrolyser stacks take up less space than the 5MW
machines that are popular in China, it explains.

BNEF also suggests that the prices of Western electrolysers
are likely to fall faster than Chinese ones due to factory

Hyrogen production cost (USD/ka)

[Hp]

Solar + wind

full load

nours area

1947

6a14

77 8760

292

4367
Operating howrs

5840

Electrolyser system cost (USD 770/kW) + fixed costs
Electrolyser system cost (USD 500/kW) + fixed costs
Electrolyser system cost (USD 200/kW) + fixed costs
Electricity price (20 USD/MWh)

Blue hydrogen cost range



Vedyn tuotanto ja varastointi: Tuotanto tuleejoustamaan tuulen perass&’ e
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Fig. 1: Simplified flowchart of the off-grid green hydrogen production system.
(a) Optimal component capacities. (b) Investment costs.
24 - - - - - - 4 ; : ; : ; : Fig. 5: Optimal capacity of each component in the different installation years (a). Investment cost
e allocated to each component (b).
23
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Source: Alejandro Ibanez-Riojaa, Lauri Jarvinen, Pietari Puranena , Antti

15 o e wms s ums EEl ] e we wms | oamn | sms Kosonen, Vesa Ruuskanen, Katja Hynynen, Jero Ahola, Pertti Kauranen, Off-
Installation year Installation year Grid_ Splar PV-Wind Power—Battery.—\_Nater Electrolyzer Plant: Simultanfeou_s
) Optimization of Component Capacities and System Control, under review in
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Fig. 9: Levelized cost of hydrogen (LCOH) in (a), and annual average full load hours of the alkaline 22

electrolyzer in (b), for each installation year simulated.



Vedyn varastointi
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« The investment cost of industrial-scale hydrogen storage (€/kWh) is roughly a percent of the investment cost of a battery energy storage
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teollisessa kokoluokassa on suhteellisen

* It enables the production of baseload hydrogen based on variable wind and solar power.
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. LUT is one of the world’s

TOP 10 UNIVERSITIES

in terms of climate actions — SDG 13 Q

SUSTAINABLE

DEVELOPMENT
The Times Higher Education Impact Rankings 2021 assess the social and economic impact G s, a L S

of universities against the UN’s Sustainable Development Goals. Y,
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