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C | siencies Minimum energy and emissions Sustainable mobility

ULisboa

mass helght ge

The Revised Harris-Benedict Ew/a\/ //

formen, P = B, 3977“ 479% 2.67T a3 2 kcal
L kg lcm lyear dﬂy Basal energy
2 008F 4. l
o forwomen, P = 4 Tm+3[]98h ) 330a 447503 kﬂ
kg  lom  Iyear day

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.
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C | gz Minimum energy and emissions Sustainable mobilty

ULisboa

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

Activity energy kcal

((-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)
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Sustainable mobility

Cli% Motor vehicle dynamics

Rolling resistance
Adr resislance (Rl

Propulsive force delivened
From ungilV
Vehicle

wazkabl {nrg)

= lHr_ ]
¥ Cirade resistance

Roling Rr =k (m+m,)gecosy
Road gradient Fw =(m+m)gesiny
Aerodynamics Ra=1/29C A V?
Propultion Fp :(km-m+mp)-dv/dt
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[Cléz Fleet impacts

Sustainable mobility

Regional
Vs transpor-
/ tation models

Facility-based
transportation
models; modal
activity distribution

Microscopic traffic models;
driving cycles

Transportation modelsi/data sets

Macroscopic
parameters

e.g. avg Sﬂeed

Mesoscopic
parameters
e.g. speed, acc

by facility Hpe

Microscopic
parameters
e.g. sec-by-sec

driving prﬁﬁle

cuperh@

Regional |

emissions %

- ‘ Emissions
i Invento

Total link Y

emissions for
facility types

Second-by-second
emissions for vehicles

Emission estimates
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Sustainable mobility

ALTERNATVE MOBILE-SOURCE EMISSIONS MODELING TECHNIGUES 175

Faal-wworkd-deiving Modal smissscns
behavior measuremants R T
(highways, arterials, etc.) various driving cycles

Statistical anatysis Binning & interpolation

l l Energy and Emission

Neomasmates &g S factors

cyclas for different Corrsctive emissions madal

road categories p— (welocitylacceleration)

l MJ/pkm and g/pkm

FIGURE 5-2 Database development for the Handbook of Emissions Fac-
tors. Source FRG-FEPA 1993,
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nnnnnnn Sustainable mobility

Vehicle activity x Occupation x Factor x days/year

/ / /

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

Energy and Emission factors

MJ/pkm and g/pkm
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nnnnnnn Sustainable mobility

EXAMPLE:

HOW TO EVALUATE HYDROGEN IMPACT ON ROAD

l:uperl'?

Carla Silva camsilva@fc.ul.pt 1



sei Hydrogen in today’s transportation Sustainatle mabiiy

World H, production approx. 50 Mt/yr

World H, production World H, use
; GLOBAL
= Natural gas 5“‘ B Ammonia production E] %J%SII'ITUTE
=0l =i il Refining
= Coal Methanol production
Electrolysis = Other uses

1EaMe

j 1
Desulfurization of €a
transportation fuels 39 Mtoe to 1831 Mtoe of diesel & gasoline

in transportation 2%.... (2012)

~ 70 000 ton H, production for transports

Steam methane reforming .
in Portugal

Carla Silva camsilva@fc.ul.pt 12
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Sﬁ:bcoigs co m m uti ng i n PO rt uga I Sustainable mobility

Diesel Molecular Structure C  H,,

20000000000000
0000000000000000
00000000000000

65%
C:H~1:2 oy
40 MJ/kg > VL P —

-

@
typical gasoline - CgHqg 90% motorized road (50% of trips by

car/motorcycle 40% by bus)

{

eurostat

h=2
[}
m
>
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fixee What is sustainable mobility? Sustainable mobilty

World Business Council for
Sustainable Development

Accessibilty for mobilty impaired groups Accesswilty forimpaied IR |

Air polluting emissions Adr pollution :

Fataliies Fatabties

Access to mobility senaces Arcess

Cuslity of public area Public area

Lrban Functional diversity Functional diversity

Gommuting travel time Travel time

Ecoramic Opparturity Economic Opportunity

Net publiic finance Public Finance

Makility space usage Space Usage &

Emissions of greenhouse gases [GHEG) GHG

/mmcﬁhﬁ Congestion - .

Energy efciency Energy efficiency
/Dmmmmracmermmy Active mobility

Intermodal integration Intermodal integration

Comiort and pleasure Comifort and pleasure

Security

Carla Silva camsilva@fc.ul.pt

4 dimensions- 19 Indicators

14



Siase What is sustainable mobility? sustainable mobilty

J R c / Transport emissions and

EUROPEAN COMMISSION energy efficiency

Environmental
dimension

Social
-~ dimension

Institutional
dimension

Economic
dimension

Technical/ operational
dimension

EUR 23041 ENZ - 2009

5 dimensions- 55 Indicators
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firee:  Sources of carbon in transportation Sustainaple mobilty

WTW Well-to-Wheels

L]
F—C—C—H

A/CF Igak

Fractional distillation in oil refining

Manufacturing

Carla Silva camsilva@fc.ul.pt

Fuel and lube oil production



ULisboa

cencics - TTW energy efficiency Sustainable mobilty

Transport Energy Efficiency

(More efticient) ; BT O e ‘ i vallad (Logs affigiant)
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Si_éi:bc;gs Ve h ic I e tec h n O I Ogy Sustainable mobility

Electrical motor

Pure electric (efic. 60-70%)

Plug-In

Hybrids (efic. 20-30%)

Carla Silva camsilva@fc.ul.pt



cencies - ENErgY conversion.....

Sustainable mobility

Refinery
(distillation
column)

Power plants
(vapour cycle)
renewables

Reforming

Transesterification

| Fermentation

Primary energy

Flexibility.....

Electricity
Hydrogen
Gasoline
Diesel
Biodiesel

Ethanol

Final energy

<X X X X
AN N N VR
AN NN YR

Efficiency.....

Useful energy

Carla Silva camsilva@fc.ul.pt
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C|sée H, production in Portugal ...2050 Sustainable mobilty
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Porto and Sines ~9-12 kg CO2eq/kg H,
refinery
Emissions
Ener
| | 5Y > Steam methane
ﬂ;-‘:j hatosinhos rEfo rmlng
~ 180 Mi/kg H, (efic. 68%)

CH, + H,0(1100°C) —» CO + 3H, (AH=+206.16 kJ/molCH4)
(1)
ﬂ d'S . CO + H,0 — CO, + H, (AH=41.15 kJ/molCO)
Ll (2)

F
¥

-

~ 70 000 ton H, production for transports in Portugal

Source:

o 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

Carla Silva camsilva@fc.ul.pt 20



C | e Scenarios for Portugal — "What if” Sustainable mobility

ULisboa

Excel spreadsheet model based on forecast scenarios that estimates the total fleet life cycle
energy consumption, CO, emissions and air quality related impact

New vehicles sales Vehicle stock and
A Scrappagerates their penetration

kms traveled l'
/vehicle ~ Fleet kms

oil prices, costs,
technological,
behaviorand
political evolution

o
o
Q
e
s
.
s

4 Type of mobility traveled
'7 Different vehlcle 3 Vehicle Fu.el l
: technologies Consumption Flect Euel
i Several possible A i
: combinations V¥ Consumption
A Different energy —>» Energy source mix ‘l'
’ sources

Fleet global and
local emission

Cost per km
Time frame: until 2050
Fleet target: Light duty vehicles + Heavy duty vehicles + Buses

Baptista, Patricia 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.

Carla Silva camsilva@fc.ul.pt 21



‘C Ciéncias
ULisboa

Scenarious for Portugal

Sustainable mobility

W ‘ INSTITUTO NacioONAL DE ESTATISTICA
STATISTICS FPORTUGAL iel 3 BUS 1
Visions Scenarios NG | FCHEV Total shift

Evolution of the total number of vehicles per 1000 inhabitants along time. 1.Low 2% 1% 3%
Liquid fuels | 2. Medium | 9% 4% 13%

Number of vehicles per 1000 inhabitants LDV HDV Buses 3.High 20% 10% 30%
1.Low 2% 1% 3%

2010 553.3 15.4 1.5 Diversified | 2. Medium | 9% | 4% 13%
2020 573.9 155 1.6 3. High 20% 10% 30%
2030 612.3 15.8 1.7 1. Low 204 1% 3%,
2050 615.1 158 2.2 Electricity | 2. Medium | 9% | 4% 13%
3.High 20% | 10% 30%

1.Low 1% | 779\ 3%

Hydrogen | 2.Medium | 4% 9% ) 13%

3.High 10% 2 30%

~
5 000 Bus
~
50 000 km/bus.year
22
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FC Ciéncias Scena rious for Portugal Sustainable mobility

ULisboa

HyWays for Europe; modest policy & learning

Number of vehicles considered in each scenario

Year LDV gasoline] LDV Diesel | HEV diesel |HEV gasoline|] FCV PHEV FCV HEV |PHEV gasolind PHEV diesel EV NG
M2
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
M4
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 16
2050 1631 3012 249 187 638 797 0 0 0 59
BA
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
R. Wurster, et al, "The European Hydrogen Roadmap,” European Commission, Hyways-
Hydrogen Energy in Europe, Luxembourg, 2003. ~12 000 km/ca r.year

Mckinsey & Company, "A portfolio of power-trains for Europe: a fact based analysis; The roel

of Battery Electric Wehicles, Plug-in Hybrids and Fuel Cell Electric Wehicles,” 2011. 23
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Energy consumption and TTW emission factors

Vehicle Energy TTW
technology source
Energy CO, HC Cco PM NO, 2 |/100km
M]/km km km km km km
6 I/100kr(n J/km) (g/km) (g/km) (g/km) (g/km) (g/ g}
ICEV gasoline Gasoline 154 0.10 1.12 0.005 0.05 Vehicle technology. Year
ICEV diesel  Diesel 146 005 050 002 021 : 2010 2020} 2050
ICEVE100  Ethanol : 0(a) (b) ICEV diesel 1 | 090 ] 0.63
ICEV B100 Biodiesel 1.86 (c) mﬁj{m 1 0,90 | 0.64
HEV gasoline Gasoline 1.67 59 =ICEV gasoline HEV gasoline 1 0,91 | 0.65
HEV diesel Diesel 1.54 76 =ICEV diesel NG 0.o7 | 0.0
PHEV gasoline Gasoline 1.80 122 =ICEV gasoline HDV 1 0.95 | 0.20
Electricity  1.12 0 0 0 (] 0 BUS 1 0.97 | 0.90
PHEV diesel  Diesel 1.66 116  =ICEV diesel ' :
Electricity 1.04 0 0 0 0 0 EV 1 |083] 075
EV Electricity QG0 O 0 0 0 0 PHEV gasoline 1 1053 074
FC-HEV Hydrogen ( 1.08 0 0 0 PHEV diesel 1 0,93 | 0.74
FC-PHEV Hydrogen \0.67/ 0 0 0 ? [10.6 kg/100km HEV diesel 1 | 0.92 | 0.72
~ 0.8 kg H,/100krHectricity 042 0 0 0 0 0 FCV HEV 1 | 094 | 077
NG natural gas 2.04 116 024 040 - 0.08 1 0.04 | 0.77
HDV Diesel 8.89 662 1.12 1076 0.10 6.18 ECV EHEY
Bus Diesel 10.72 798 =HDV
Bus NG Natural gas 2= 1022 =HDV
Bus H, Hydrogen <l4.47 > 0 0 0 0 0
~—~
~ 12 kg H,/100km > ™10 kg H,/100km

Carla Silva camsilva@fc.ul.pt 24
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cencis - Scenarious for Portugal Sustainable mobility

Final energy consumption

BAU

M4 Hydrogen powered

3.00E+11 29% reduction

)
) S0E+11 vely to 1990)
2.00E+11
S 1.50E+11 "
B electric

L0+ u Non electric
5.00E+10
0.00E+00

gmgaugagnsagacagaN Ragn gy

SRR R¢F8¢RSRRRRRRRRARKRRAR
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ciencies - Sc@narious for Portugal

Sustainable mobility

30.00

25.00

20.00

2 15.00

10.00

5.00

0.00

2000

2eq

2010

2020

2030

2040

29% reduction
(3% comparatively to 1990)

=¢—BAU
—l—i
In WTW 20%

corresponds to -3

Mton CO,, 2050

2050

~ 100 000 ton H, production for transports in Portugal

Carla Silva camsilva@fc.ul.pt
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HYDROGEN in Portugal sustainable????

INDICATORS

Transport emissions and
energy efficiency

=

Carla Silva camsilva@fc.ul.pt 27



f Ciéncias N . . Sustainable mobility
siwea Bus rapid transit systems in Equador

Influence of eletrification and increased biofuel/H, share U I I I . -
Electricity
—
4 PM2.5;
Biofuels/H2 NMVOC
CH,
v EEA, tier 3 -
aproach copert.
(COPERT);
. . . v _ .. o$§o
¢ On going Biofuel Reforming AVL-Cruise; A

v’ AVL-Boost. L\AE

28
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