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Visie 2030-

 Electriciteits overschot gedurende de zomer

« Sterke fluctuaties in electriciteits productie met
verschillende tijdschalen

« Opslag is nodig voor zowel korte termijn (minuten-uren) als
lange termijn (weken/maanden)

« Politieke instabiliteit zal blijven. Reken dus niet te veel op
de “buren”
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Opslag

« Pumped hydro
« Compressed air
« Flywheels

- Batteries

e Chemical
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Pumped hydro
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Flywheel storage
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Compressed air storage
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Battery storage
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ENERGY STORAGE TECHNOLOGIES
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From power to gas

e-on ‘ Ruhrgas

Power to Gas

excess renewable &

electricity - electrolyser = H,
H |direct injection into  gas
2 gas grid (10% ?) .. applications
02
-
' 2", | methanisation M ~| _injection into . gas
gas grid (unlimited) .. applications
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Waterstof opslag

Waterstof bijna niet vioeibaar te maken
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Waterstof opslaan in chemische

verbindingen
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Waterstof opslag in meer gangbare gassen/vloeistoffen
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Chemical storage, via Hydrogen

« Hydrogen injection in gas network
« Metalhydrates

« C—H bonds (f.i. methane CH4 )

« N —H bonds (f.i. ammonia NH3)
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HHV Methane versus Ammonia

CH4 + 202 - CO02 + 2 H20 -889KJ/mol
(1mol = 16 gram)

4NH3 + 302 5> 2N2 + 6H20 -382 KJ/mol
(1mol = 17 gram)

Energy density methane almost three times the density of
Ammonia
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Gas to power: medium scale
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large scale

Gas to power
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Thermisch;

« Conversion of heat in to power

« Thermodynamic limitations, not
very efficient

« Maximum theoretical efficiency,
the Carnot Efficiency

Wc :1_|Qout |
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Watergas-shift + methanation

CO +H20 <——> CO2 + H2

CO+3H2< - CH4+ H20
CO2+4H2<-> CH4+2H20

Waar komt de CO2 vandaan?
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Haber-Bosch

N2 + 3 H2 - 2 NH3 (AH = —92.4 kJ'mol-1)

hitrogen
from the air

nitrogen and hydrogen

-

1:3 by volume &

unreacted

hydrogen

from natural gas

gases
recyded

400 - 450°C
200 atm
iron catalyst

|

gases are cooled
and ammaonia tums
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Gasoline rp= 12%

8

Range 1
Electric vy= 60% Range 0.1 x
Gasoline vp= 30% Range 1 x
$88

g.HCEan

Range 2 x
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NH3 to Power, engine?
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NH3 to power?

« NH3 can be combusted, but modifications to
existing device are needed
 New concept? Fuel cell?
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Type brandstof cellen

unconverted combustion
and reaction gasses
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Electrolyte

Cathode

Nitrogen,
unconverted
oxygen

Nitrogen,
unconverted
oxygen
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Fuel Cell types

The most common types with names according to their electroly

Cathode Operating Efficiency Application
Fuel temp (°C) (LHV)
" |[PEM |H, Air 60— 100 30 -40 Portable
Small residential
Transportation
AFC H, 0O, 60 - 120 30-40 Portable
Small residential
\ Transportation
150 — 250 Med. Residential
Commercial
"IMCFC |H,, CO, |Air+CO, |550-700 |45-55 Industrial
NH-, 80 -90 Commercial
CH, Large residential
SOFC [|H,, CO, |Air 650 -850 |(45-55 Industrial
NH-, 80-90* |Commercial
L CH, Large residential

*Co-generation




FUEL Cells, SOFC

Solid Oxide Fuel Cell

Hz + CO Fuel

r
03 + 4e°-+ 20
Air Depleted O;
— Oxidant Heat
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Opmerkingen/conclusie

Waterstof opslag is probleem
Opslag in chemische verbindingen
CH4, C2H6,... CO2 nodig

NH3 alternatief

« Electriciteits productie via conventionele weg (motoren)
« Brandstof cellen
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