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EU Tank-to-Wheel based CO2 legislation avoids the discussion about 

electric power sources in W2W. Though, only LCA provides the full picture.
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Translated from Fig. 59 in http://www.umweltbundesamt.de/publikationen/weiterentwicklung-vertiefte-analyse-der
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Carbon dioxide and other GHGs promote global warming accelerated by the 

planetôs albedo reduced by melting glaciers and dust on icefields.

April 2017 was the third record temperature month in a row ïagain.

Source: NASA ïGoddard Institute for Space Studies, https://data.giss.nasa.gov

NASA GISS

NASA GISS
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Counterfeiting rapid climate change requires dramatic reduction of GHG 

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

Decarbonisation Targets

Total GHG emission 

reduction 

Å80% until 2050, 

Å40% until 2030

Sector Targets 2050

Åalmost all electric power from 

regenerative sources (97%)

ÅTransport GHG -60%

ÅIndustry, transport and 

household decarbonisation by 

using renewable energy 

(simply thinking: regen. 

electricity)

Increasing dependency on 

fluctuating supply of wind, 

solar and water power
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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
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Source: see note in picture

Foto: BYQ

Foto: Deutsche Energie-Agentur

Foto Ikar.us (talk) - Karlsruhe:Raffinerie, CC BY 2.0 de, 

https://commons.wikimedia.org/w/index.php?curid=191898

Foto: Editpress

Foto: trianel
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Options to address large scale ñgrid storageò are limited

Segmentation of electrical energy storage No universal solution for 

electric storage

ÅLarge scale storage can only 

be addressed by 

ï pumped hydro, 

ï compressed air energy 

storage (CAES) and 

ï chemical storage media 

like hydrogen and 

methane

ÅThe potential to extend 

pumped hydro capacities is 

very limited

ÅCAES has limitations in 

operational flexibility and 

capacity
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Source: Ga±lle Hotellier: ñPEM-Electrolysis ïa technological bridge for a more flexible energy systemò, 

http://www.wissenschaft-frankreich.de/de/wp-content/uploads/2014/07/3_Hotellier_Siemens_online.pdf
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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.
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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)

Å2016: 162-171 Wh/km (NEDC)

Å2030: 115-120 Wh/km (NEDC)

Battery pack energy density

Å2016: 160 Wh/kg

Å2030: 330-500 Wh/kg

Environmental impact:

ÅZero CO2/km T2W

Å2016: 45-47 g CO2/km W2W 

(EU mix 2014: 275.9 g/kWh)

Å2030: 23-24 g CO2/km  W2W 

(EU mxi 2030 ~ 180 g/kWh)

ÅLi-Ion battery production 

causes ca. 140 kg CO2 per 

1 kWh capacity [IFEU2016]

ÅNon-zero particulate 

emissions from brake & tires
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Source: European Roadmap:Electrification of Road Transport,3rd Edition Version 8.0, ERTRAC EPoSS SmartGrids, 2017. [IFEU2016]: see pg. 14

Battery production and material sourcing assigns a big GHG backpack for lifecycle
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Source: European Roadmap:Electrification of Road Transport,3rd Edition Version 8.0, ERTRAC EPoSS SmartGrids, 2017., [IFEU2016]: see pg. 14

Battery production and material sourcing assigns a big GHG backpack for lifecycle

140 kg/kWh

CO2-eqv.

GHG



SAE INTERNATIONAL

Austria and Sweden among the leaders of sustainable decarbonisation, 

Germany, Estonia depend still too much on coal, Malta on oil
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Source: European Environment Agency, http://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-3.

0

200

400

600

800

1000

1200

1400

1
9

9
0

1
9
9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0
0
8

2
0

1
0

2
0

1
2

2
0
1
4

Austria

Denmark

Estonia

France

Germany

Malta

Sweden

EU (28 countries)

gCO2/kWhel
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FCEV combine fuel cell and battery in an electric powertrain

Key facts

Emissions:

ÅNoxious = zero

ÅCO2 = zero

ï T2W: H2 only

ï W2W: H2 and CH3OH 

only if from RES

ÅParticulate emissions (tire, 

brakes) depend on vehicle 

weight, i.e. battery size 

Concepts:

ÅFCREX: BEV with small FC as 

range extender and small tank 

ÅFCHEV: FC as main power 

source, smaller battery for 

transient peak demand and 

recuperative braking
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Source: FEV

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

ÅReplace operation near-idle by 

electric driving

ÅEnable emission optimized 

transient control by electric 

propulsion support 

ÅEmission-free operation allows 

access to urban areas 

ÅTypically, battery as energy 

storage, KERS-like flywheels 

with motor/generator as niche 

application

ÅElectric range depends on 

battery capacity (CO2 

backpack)

ÅHeavier than conventional 

vehicle

ÅLow certified CO2 for PHEV
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Def.: HEV unlike PHEV recharges battery from ICE only
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PHEV ïplug-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:

ÅBEV with REX (e.g. BMW i3)

ÅHEV with electric range but full performance 

only with ICE

ÅLegislation considers electric power from grid as 

zero CO2

ÅW2W zero CO2 for electric driving requires 

charging from 100% RES

ÅCharging from 100% RES, lifecycle balance 

better for PHEV with short e-range

ïCO2 ñbackpackò from battery and ICE

ïGasoline PHEV better than conventional 

Diesel, if operated in BEV mode for 17 ï37% 

depending on range

ïBetter than BEV with 100 km range only in 

case of mostly electric use and short electric 

range.
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Source: [IFEU2016] IFEU , UBA: Weiterentwicklung und vertiefte Analyse der Umweltbilanz von Elektrofahrzeugen. , 4. April 2016
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