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Minimum energy and emissions

Home                   Work  

Home University

Commuting by motorized or soft modes

on a regular basis
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Basal energy

Harris JA, Benedict FG (1918). "A Biometric Study of Human Basal Metabolism". 

Proceedings of the National Academy of Sciences of the United States of America. 4 (12): 

370–3. 

A Biometric Study of Basal Metabolism in Man. J. Arthur Harris and Francis G. Benedict. 

Washington, DC: Carnegie Institution, 1919.

Minimum energy and emissions

mass height age
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kcal

((-55.0969 + (0.6309 x HR) + (0.1988 x W) + (0.2017 x A))/4.184) x 60 x T

((-20.4022 + (0.4472 x HR) - (0.1263 x W) + (0.074 x A))/4.184) x 60 x T

HR = Heart rate (in beats/minute)

W = Weight (in kilograms)

A = Age (in years)

T = Exercise duration time (in hours)

Minimum energy and emissions

Activity energy
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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

Motor vehicle dynamics
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Fleet impacts
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Fleet impacts

Energy and Emission 
factors

MJ/pkm and g/pkm
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Fleet impacts

Energy and Emission factors

MJ/pkm and g/pkm

Vehicle activity x Occupation x Factor x days/year  

km
e.g. 1.5 people/car e.g. 256 days/year
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Fleet impacts

EXAMPLE: 

HOW TO EVALUATE HYDROGEN IMPACT ON ROAD 

TRANSPORTATION?????
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Hydrogen in today’s transportation

Desulfurization of 

transportation fuels 39 Mtoe to 1831 Mtoe of diesel & gasoline 

in transportation 2%.... (2012)

~ 70 000 ton H2 production for transports 

in Portugal
Steam methane reforming
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Commuting in Portugal

C:H ~ 1:2

40 MJ/kg

65%

35%

90% motorized road (50% of trips by 

car/motorcycle 40% by bus)
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What is sustainable mobility?

4 dimensions- 19 Indicators

4 dimensions- 19 Indicators
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What is sustainable mobility?

5 dimensions- 55 Indicators

Transport emissions and 

energy efficiency 
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Sources of carbon in transportation

A/C leak

Manufacturing

Fuel and lube oil production

WTW Well-to-Wheels
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TTW energy efficiency

Average values!!!!!
Should have standard 

deviation….
��

���
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Vehicle technology  

Pure electric (efic. 60-70%)

Fuel cell (efic. 30-40%)

Hybrids  (efic. 20-30%)

Battery

Electrical motor

Battery    Generator          

Electrical motor

ICE

Plug-In
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Energy conversion…..

Fuel/technology BEV PHEV HEV ICEV

Electricity � �

Hydrogen � � �

Gasoline � � �

Diesel � � �

Biodiesel � � �

Ethanol � � �

Final energy Useful energy

Fermentation

Primary energy

Refinery 

(distillation 

column)

Power plants 

(vapour cycle) 

renewables

Flexibility…..

Efficiency…..

Transesterification

Reforming
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H2 production in Portugal …2050

Porto and Sines 

refinery

Steam methane 

reforming

Energy

Emissions

~ 9-12 kg CO2eq/kg H2

~ 180 MJ/kg H2

Source:  

• Life cycle inventory analysis of hydrogen production by the steam-reforming process: comparison between vegetable oils and 

fossil fuels as feedstock;

• Hydrogen Production via Natural Gas Reforming Process – A Life Cycle Assessment  Approach

(efic. 68%)

~ 70 000 ton H2 production for transports in Portugal
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Scenarios for Portugal – ”What if”

oil prices, costs, 

technological, 

behavior and

political evolution

New vehicles sales

Scrappage rates

Vehicle stock  and 

their penetration

kms traveled 

/vehicle Fleet kms 

traveled

Fleet Fuel 

Consumption

Energy source mix

Fleet global and 

local emission

Cost per km

Type of mobility

Different vehicle 

technologies

Different energy 

sources

Several possible 

combinations

Time frame: until 2050

Fleet target: Light duty vehicles + Heavy duty vehicles + Buses

Vehicle Fuel 

Consumption

PATTS - P A T T S

Baptista, Patrícia C., Patricia, Silva, Carla M., Farias, Tiago L., Heywood, John B. (2012), Energy and environmental impacts of alternative 

pathways for the Portuguese road transportation sector, Energy Policy, 5(12):802–815.

Excel spreadsheet model based on forecast scenarios that estimates the total fleet life cycle 

energy consumption, CO2 emissions and air quality related impact
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Scenarious for Portugal

~ 5 000 Bus

~ 50 000 km/bus.year
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Scenarious for Portugal

Number of vehicles considered in each scenario

Year LDV gasoline LDV Diesel HEV diesel HEV gasoline FCV PHEV FCV HEV PHEV gasoline PHEV diesel EV NG

2010 3817 2046 0 33 0 0 0 0 0 0

2020 2463 3294 26 430 0 0 0 0 0 0

2030 1833 3631 304 622 0 0 107 23 135 16

2050 1442 2662 623 404 64 48 317 445 510 59

2010 3821 2057 0 18 0 0 0 0 0 0

2020 2547 3467 10 188 0 0 0 0 0 0

2030 2106 4152 122 275 0 0 0 0 0 16

2050 1631 3012 249 187 638 797 0 0 0 59

2010 3804 2084 0 8 0 0 0 0 0 0

2020 2226 3857 2 128 0 0 0 0 0 0

2030 1359 4910 127 265 0 0 8 1 0 0

2050 1187 4651 386 177 0 0 52 119 0 0

M2

M4

BAU

M4 Hydrogen powered 1 435 000 (22%)
HyWays for Europe; modest policy & learning

Mckinsey for Europe;

~ 12 000 km/car.year
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Scenarious for Portugal

Energy consumption and TTW emission factors

~ 12 kg H2/100km

∼ 6 l/100km

~ 10 kg H2/100km

∼ 2 l/100km

∼ 0.6 kg/100km

~ 0.8 kg H2/100km
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Scenarious for Portugal

Final energy consumption

29% reduction

(3% comparatively to 1990)
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Scenarious for Portugal

CO2eq TTW
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29% reduction

(3% comparatively to 1990)

In WTW 20% 

corresponds to -3 

Mton CO2eq 2050

~ 100 000 ton H2 production for transports in Portugal
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Scenarious for Portugal

HYDROGEN in Portugal sustainable????

INDICATORS
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• On going

Influence of eletrification and increased biofuel/H2 share 

CO2;

NOx;

PM2.5;

NH3

NMVOC

CH4

Electricity

Biofuels/H2

� EEA, tier 3

aproach

(COPERT);

� AVL-Cruise;

� AVL-Boost.

Bus rapid transit systems in Equador

Biofuel Reforming 
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