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Share of renewables Storage needs vs renewable share Storage technologies (capacity “asymptote”)
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Pumped hydro storage mystery
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Kougias and S. Szabo, Pumped hydroelectric storage utilization assessment,

Energy 140, 318-329, 2017
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Energy end use structure

Energy sources Conversion devices Passive systems Final services

Primary energy 475 Direct fuel use 272 Motion 175 Vehicle 106

Passenger transport
23x10'* passenger-km

Freight transport
46x10'* tonne-km

Structure
15x10% MPa?m?

Sustenance
28x10"% J {food)

Hygiens
1.5%10' m?K (hot water)
2.8x10"* Nm (work)

Thermal comfart
30x10™ m?K (air)

o | Communication
280x10" bytes
= lllumination
He lectronic. 16 € ce 18 480%1077 Ims
Electricity generation 203 Other 67 Building 215

Annual global flow of energy Annual giobal direct carbon emissions
i 2005, EJ [10"%joules] in 2005, Gt CO, [10°tonnes of CO,]

J.M. Cullen and J.M. Allwood, Energy Policy 38, 75-81, 2010

Computer; 0.6% (0.3 MWh electric)

Dishwasher; 1.1% (0.6 MWh electric/heat)

TV, DVD, cable; 1.7% (0.9 MWh electric)
Electric oven; 2.0% {1.0 MWh electric/heat)
Refrigerator; 2.3% (1.2 MWh electric/cold)

Lighting; 6.8% (3.5 MWh electric)

Washer and drier; 7.4% (3.8 MWh electric/heat)
Water heating; 8.0% (4 MWh heat)

Cooling and heating; 26.8% (13 MWh heat/cold)

Car; 43.2% (22 MWh fuel)

+
_ Food energy (~3 MWh; 3000 kcal per person and day)

NB: Agriculture = 38.4% of land area
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End use energy mix and variability
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Abbildung 2: Verteilung des Endverbrauchs der wichtigsten Energietrager auf die Monate im Jahr 2017. Quellen:
Elektrizitatsbilanz der Schweiz 2017 und Gesamtenergiestatistik 2017 beide vom BFE, «Erdgas/Biogas in der
Schweiz, Ausgabe 2018, VSG-Jahresstatistik, Verband der Schweizer Gasindustrie. Treibstoffverbrauch als kons-
tant angenommen, Brennstoffverbrauch proportional zu den Uber die Schweiz gemittelten Heizgradtagen aus der
Gesamtenergiestatistik, Berechnung auf Basis des Heizwertes bei chemischen Energietragern.
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Abbildung 4: Solarstrahlung auf nach Sliden ausgerichtete PV-Module im Jahresverlauf bei vier verschiedenen
Neigungswinkeln: 0 ist horizontal, 0° ist vertikal an einer Fassade. Basierend auf SODA Datenbank, Daten des
Jahres 2005 fiir Zirich.

M. Friedl et al., Fokusstudie «Saisonale Flexibilisierung einer nachhaltigen Energieversorgun der Schweiz, 2018

©ABB

September 12,

2020

| Slide 6

AL Ek B
npemw



Renewables: Status and targets
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Renewables vs energy storage needs
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Renewables vs energy storage needs
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Technology boundaries

Ragone plot

Specific power [kW/kg]

\]
102 — — — T — Ny
— —ooet® = a5 Htc:na’: P ade _,:;\ﬁ - .
e =gt e .365. o Ll JER! - 11 i P i fadl
0% = Qe A0 A 2 20 e
= 3 = o e : s W
ot I,» i apatttm- ~ Current) system of jet engine ¢ 'Lie@“ th"“
10 e —and fudl tanks — |
-~ High-power Li-ion | T i i al
-’.’,,/— I |EIEE| | ,..—'/J' T ‘
100 ] 1 et - 1 : .:“.'l e
SMES =———sol : .r‘*:\.}
T High energy Li-ion- !
> \\ ;H . r‘*‘“'hee?\
101 = e L -
— i o I 1 J’:'/._f.'. :
e : ”F,,,-"‘:" I
i I - Thermal stgrag
].0-2 : _;-ﬂ""" -J’J‘ Tt
Working version v0.3 _ 7 ]
]_[]‘3 2 '_3 = J.1 0
10 10 10 10 10 10‘ 102
Specific energy [kWh/kg] Woaod LNG H2 (liquid)

AL b HB
npemw



Storage technology costs

i e Scale
E Working version v0.3 "/H * Llfe.
= T /" ' * Maintenance
2‘ s e B e » Efficiency
A T ---------;xﬁf—- » Site independence
v BEE *  “Fuel” logistics
§ 103 = * Learning curve
o | | e |
G —_ "ﬂf‘%
0 %%,
e & %9
S0 : e =%
o=} SEEE e % .
s i — " > - | |
10° ‘ 102 10 1 0.1
) Total costs USD per kWh capacity [USD/kWh] - * 9
& E £ = ¥ § s
CI“Q c o i -~ © o
=] w ™~ ] = =3
- = T B
£ & &
E g =
£
£
o
©ABB
ADD
September 12, | Slide 11 MmMPpp

2020






