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EU Tank-to-Wheel based COZ2 legislation avoids the discussion about

electric power sources in W2W. Though, only LCA provides the full picture.
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Carbon dioxide and other GHGs promote global warming accelerated by the

pl anetos albedo reduced by melting gl a

April 2017 was the third record temperature month in arow i again.
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Source: NASA i Goddard Institute for Space Studies, https://data.giss.nasa.gov
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Counterfeiting rapid climate change requires dramatic reduction of GHG

emissions in all sectors: transport, power, industry, household, farming

Decarbonisation Targets 80% CUT IN GHG EMISSIONS IN THE EU (100%=1990)
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Data from: European Commission. 2050 low-carbon economy. Climate Action
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When depending on wind and solar power, there is need for buffering

excess energy for periods of calm darkness

Power sector has to build up excess capacity to allow storage
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Source: Stolten: Future Energy Mix and Mobility, ERTRAC Conference 2017-03-08
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Any storage of electric power requires conversion into potential energy
(pressure, altitude) or chemicals (batteries, e-fuels)

Long term storage: compromise between durability, density, efficiency and
environmental impact

Foto: trianel
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Segmentation of electrical energy storage
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£ energy storage
Q
=
g Hydrogen/methane
o
0
3
. Redox-Fow - ped hydro
. \ -
Batteries =
o
5 _
£ :
= Batteries
g D
: ~Super-  ~Super Elywhegl,
9 \ capaC|tor conduclive sharEEE 4
» ~ \magnet/ Storage"
1 kW 10 kW 100 kW 1MW 10 MW 100 MW 1,000 MW

Power

No universal solution for
electric storage
A Large scale storage can only
be addressed by
I pumped hydro,
I compressed air energy
storage (CAES) and
I chemical storage media
like hydrogen and
methane
A The potential to extend
pumped hydro capacities is
very limited
A CAES has limitations in
operational flexibility and
capacity
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Energy storage density of any common fuel superior to batteries.

Batteries have to accommodate all reactants and all products. m=const.

BUT BATTERIES CAN STORE ENERGY RECUPERATED DURING DECELERATION.
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BEV: Per definition, it is propelled by electric motors, and its only source of

power is the battery charged from the grid

Facts and prospect

Energy use (m=1400 kg)
A 2016: 162-171 Wh/km (NEDC)
A 2030: 115-120 Wh/km (NEDC)

Battery pack energy density
A 2016: 160 Wh/kg

A 2030: 330-500 Wh/kg
Environmental impact:

A Zero CO2/km T2W

A 2016: 45-47 g CO2/km W2W
(EU mix 2014: 275.9 g/kWh)

A 2030: 23-24 g CO2/km W2W
(EU mxi 2030 ~ 180 g/kWh)
A Li-lon battery production

causes ca. 140 kg CO2 per
1 kWh capacity [IFEU2016]

A Non-zero particulate
emissions from brake & tires  Battery production and material sourcing assigns a big GHG backpack for
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Austria and Sweden among the leaders of sustainable decarbonisation,

Germany, Estonia depend still too much on coal, Malta on oll

BEV W2W CO2 EMISSION DEPENDS ON SPECIFIC CO2 EMISSIONEODR ERBOLKTION
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FCEV combine fuel cell and battery in an electric powertrain

Key facts
Emissions:
A Noxious = zero
A CO2 = zero

I T2W: H2 only

I W2W: H2 and CH30H
only if from RES
A Particulate emissions (tire,
brakes) depend on vehicle
weight, i.e. battery size

Concepts:
A FCREX: BEV with small FC as
range extender and small tank

A FCHEV: FC as main power
source, smaller battery for
transient peak demand and
recuperative braking

Fuel tank for high-pressure hydrogen or methanol
depending on fuel cell type
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(P-)HEV: mixed propulsion powered by ICE (typically) & battery with

different degrees of hybridization from micro/mild to full/plug-in hybrid

Definitions
Benefits from full HEV

A Replace operation near-idle by
electric driving

A Enable emission optimized
transient control by electric
propulsion support

A Emission-free operation allows
access to urban areas

A Typically, battery as energy
storage, KERS-like flywheels
with motor/generator as niche
application

A Electric range depends on
battery capacity (CO2
backpack)

A Heavier than conventional

vehicle . Def.: HEV unlike PHEV recharges battery from ICE only
A Low certified CO2 for PHEV
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PHEV T plug-in HEV, i.e. HEV with a charging connector: T2W and W2W

CO2 balance depend on electric range and usage of Regenerative energy

Architectures
Different concepts:
ABEV with REX (e.g. BMW i3)
AHEV with electric range but full performance
only with ICE
AlLegislation considers electric power from grid as
zero CO2
AW2W zero CO2 for electric driving requires
charging from 100% RES
AcCharging from 100% RES, lifecycle balance
better for PHEV with short e-range
i CO2 Abackpacko from b
I Gasoline PHEV better than conventional
Diesel, if operated in BEV mode for 17 7 37%
depending on range
I Better than BEV with 100 km range only in
case of mostly electric use and short electric
range.
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