
Energy Management– Energy in Transports
1st semester 2013/2014

Carla Silva

E-mail: carla.silva@ist.utl.pt

Principal investigator @ IDMEC

Researcher ID:   A-4724-2012



Carla Silva     - Energy in Transports- E-mail: carla.silva@ist.utl.pt

Energy Management

OUTLINE

• Passenger and Freight
• Basics units
• Statistics
• Legislation
• Mitigation strategies
• Vehicle dynamics
• Life cycle notion
• Exercises
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• Passenger and Freight 
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@ International Energy Agency, 2012

Meeting the Needs of 6 Billion People
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1 toe = 41.868 GJ or 11.63 MWh
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Typical transport energy units and fuel properties

MJ/pkm MJ/tkm MJ/(seat.km)  l/100km km/l   mpg 

http://www.claverton-energy.com/wp-content/uploads/2012/08/the_energy_and_fuel_data_sheet.pdf
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1 toe ~ 2.5 tCO2

@ International Energy Agency, 2012

Main issue: Combustion emissions mitigation 

2010 (28 Gton)
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@ International Energy Agency, 2012
http://www.iea.org/publications/freepublications/publication/kwes.pdf

Main issue: Oil dependency mitigation 
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Passenger and Freight

@ 2010 World Energy Council 
http://www.worldenergy.org/documents/wec_transport_scenarios_2050.pdf

CO2, N2O, CH4

HC, CO, NOx, PM

(Transport ~2,200 Mtoe)

(LDV ~2.8 Gton)
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@ Energy & Transport in figures 2010
http://ec.europa.eu/transport/facts-fundings/statistics/doc/2012/pocketbook2012.pdf
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@ Energy & Transport in figures 2010
http://ec.europa.eu/transport/facts-fundings/statistics/doc/2012/pocketbook2012.pdf

Europe 27, ∼∼∼∼1100 Mtoe
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• Energy use by transport mode 2010 

ERI – Energy Research Institute. China energy 
supply and demand projection in 2030, NDRC; 2005.

IEA – Key World Statistics 2012

EEA – Energy consumption by transport mode 
in the EU-27, 2012

U.S. Department of Energy. Transportation 
Energy Data Book, Table 2.5, 2011.  
http://cta.ornl.gov/data/chapter2.shtml

27 quadrillion BTU, 
∼∼∼∼ 680 Mtoe

∼∼∼∼ 340 Mtoe

∼∼∼∼150 Mtoe
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Typical energy consumption by mode

US, 2005, http://shrinkthatfootprint.com/shrink-your-travel-footprint
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MJ/(p*km)

Australia, Lenz (1999) 
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Typical energy consumption by mode

Natural Resources Canada, http://oee.nrcan.gc.ca/publications/statistics/trends11/chapter6.cfm?attr=0
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• Trends…..GDP

Kahn Ribeiro, S., S. Kobayashi, M. Beuthe, J. Gasca, D. Greene, D. S. Lee, Y. 
Muromachi, P. J. Newton, S. Plotkin, D. Sperling, R. Wit, P. J. Zhou, 2007: Transport 
and its infrastructure. In Climate Change 2007: Mitigation. Contribution of Working 
Group III to the Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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• Trends…..urban density

MPT: Motorised Public Transport; PT: Public Transport; NMT: Non Motorised Transport. Density: 
number of inhabitants and jobs per hectare of net urban surface (omitting green and water 
surfaces).

Source: Newman and Kenworthy, 1999.



Carla Silva     - Energy in Transports- E-mail: carla.silva@ist.utl.pt

Energy Management

Vehicle dynamics

Roling Rr = kr(m+mp)g•cosγ
Road gradient Fw =(m+mp)g•sinγ
Aerodynamics Ra=1/2•ρCd A f v2

Propultion Fp =(km•m+mp)•dv/dt
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Vehicle dynamics

Roling kr

Aerodynamics Cd A f

Propultion km
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Vehicle dynamics

Roling kr

Aerodynamics Cd A f

Propultion km

0.35x1.91m2 0.6x7m2

0.01 0.013 

1.1 1.13 
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Energy Efficiency

Efficiency (∼∼∼∼13% available energy for the motion)
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• Legislation 

On 25 October 2012, the EU adopted the 
Directive 2012/27/EU on energy efficiency

'20-20-20' initiative for 2020, 
saving of 20% of the Union's primary energy decrease 20% 
of greenhouse gas emissions include 20% of renewable 
energies in energy consumption.

Action plan:
• 120g CO2/km by 2012
• European standard for rolling resistance-tire labelling
• Vehicle labelling
• Use of alternatives to car transport, such as public 

transport, non-motorised transport and teleworking
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Energy Efficiency Strategies

Info in labels for consumers

CO2 and fuel
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Energy Efficiency Strategies

Tire labels for consumers

CO2 and fuel
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Specific policies road transport
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Energy Efficiency Strategies
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Energy Efficiency Strategies

Oil dependency and combustion emissions mitigation 
(road passenger transportation)

Increase passenger occupancy

Increase energy efficiency
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28

Electric

Fuel cell (direct or hybrid)

Hybrid (w/ or not plug-in capability)

Pure electric (efic. 60-70%)

Fuel cell (efic. 30-40%)

Hybrids (efic. 20-30%)

Battery

Electrical motor

Battery    Generator          

Electrical motor

ICE



Carla Silva     - Energy in Transports- E-mail: carla.silva@ist.utl.pt

Energy Management

Life cycle notion
Cradle-to-Grave (CTG)
Cradle-to-Gate (CTG)
Cradle-to-Cradle (CTC)
Gate-to-Gate (GTG)
Well-to-Wheel (WTW)
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LCA – Life Cycle Analysis 

Methodology to assess environmental impacts associated with all the 
stages of a product's life from cradle-to-grave

• Raw material extraction
• Materials processing
• Manufacture
• Distribution
• Use
• Maintenance
• Disposal or recycling

Steps as in   ISO 14040:2006 and 14044:2006   
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Energy Efficiency Strategies

MJ life cycle split for light-duty vehicle 150000 km lifetime
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Inputs-Outputs balanceInputs-Outputs balance

Life Cycle – Inventory

FUCOCO seachproces∑= 22

FUEnergyEnergy seachproces∑=

FU – Functional Unit     e.g. MJ of final product
kg of final product
passenger.km
km 
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Life Cycle – Goal and scope definition 
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Tools/Software

http://lca.jrc.ec.europa.eu/lcainfohub/toolList.vm

Boustead www.boustead-consulting.co.uk 

Eco-it www.pre.nl 

Ecopro www.sinum.com 

Ecoscan www.ind.tno.nl 

Euklid www.ivv.fhg.de 

KCL Eco www.kcl.fi/eco 

Gabi www.gabi-software.com 

LCAit www.ekologik.cit.chalmers.se 

Miet www.leidenuniv.nl/cml/ssp/software 

Pems www.piranet.com/pack/lca_software.htm 

SimaPro www.pre.nl 

Team www.ecobilan.com 

Wisard www.pwcglobal.com 

Umberto www.umberto.de 

 

GEMIS http://www.oeko.de/service/gemis/en/material.htm

GREET http://greet.es.anl.gov/

LEM http://www.its.ucdavis.edu/

Optiresource http://www.optiresource.org

Generic

Car specific
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Typical energy consumption by mode in book
2010
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Exercises (Functional Unit)

Compare biofuels with diesel/gasoline

Provide biodiesel valid FU?
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Exercises (Energy efficiency)

What is the average energy consumption of a ICE car in a trip of 2 
km with 2 occupants, 20 kg of cargo, average 2% road grade, 
average 50 km/h, average 0.5 m/s2 acceleration?  
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Exercises (Energy efficiency)

What is the WTW energy consumption of an electric vehicle, in a 
country with electricity mix as follows?  



Carla Silva     - Energy in Transports- E-mail: carla.silva@ist.utl.pt

Energy Management

Exercises (Energy efficiency)

What is the energy consumption of a vehicle in MJ/km if it has the 
following fuel consumptions?  And CO2 emission?

1km/l diesel

100 mpg gasoline

5 l/100kmLPG



Energy Management– Energy in Transports
1st semester 2013/2014

Carla Silva

E-mail: carla.silva@ist.utl.pt

Principal investigator @ IDMEC

Researcher ID:   A-4724-2012


