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Climate has changed (IPCC);
olbservations on averages

DECREASING

Greenland and Antarctic
Ice Sheets

Glaciers and snow cover
Arctic sea Ice extent

Area of seasonally
frozen ground

Fg. 7.1b Muir Glacier, 2004

IPCC, dimate Change 2007: The Physical Science Basis. Contribution of Working Group I




Climate has changed;
Observations on Extreme events

More intense andf longer
droughts

INCREASES

EXtreme temperatures

FrEqUENCY. OfF NEaAVY
Precipitation events

HUFACane: INtENSItY

IPCC, Cdlimate Change 2007: The Physical Science Basis. Contribution of Working Group 1




Future warming: vulnerable ecosystems
Speed of warming too fast to allow adaptation

fiundra

Boreall fierests

Coastal ecosystems: mangroves
Coral reers:

essentialiior 30% of marine Species
4°€ warming = Nearly: all'coral reefs dead

IPCC, Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group IT




Euture warming: human risks

Viest vulneralle regions are
Africa,
Asian mega-aeltas;

small islands,
AICLIC

Most vulneranle sectors are:
- Water i the dry tropIcs

- agriculture i the lew: Iatitldes
- Quman health'in' poor COURtries




IPCC
scenario
for

about
+40° C

A2: 2080-2099

0056115 225 3354455605865 7 756

Emission Reductions 1n 2050

Developing countries Industrial countries

Reductions' in all regions, About 55246

except Alrica Relative to 1990
Relative to business-as-usual




B1:2090-2099

IPCC
scenario

for
29 C

005115 2250 33604450665 8657 758

Emission Reductions Iin 2050

Developing countries

Industrial countries

Reductions! in all countries
Relative to business-as-usual

About 8526
Relative to 1990




Road Transpoertation
and total GHG emissions in Canada

9% of total

Fuel used directly, 311.9%

LCA e fuel processing:  +25% of finall eneray. 13946
e building vehicles: +14% ofi fuell used

Averade HEC leakage: firom ailr conditioning 396
\/ehicle maintenance (lubricants, garages, tires...) 19%6

Activities; required: to) build/maintain; roads:
o, Concrete /metals for road and bridges 40
o Eneragy to light highways

Urbani sprawl Impoeses; additional needs +
(Increased length) fior' infrastructures:

o SEwWers/ agueducts
o electricity/ gas distribution/ public lighting




Life-cycle GHG emissions of a compact car
In California (Chester and Horvath 2009)

d /passenger km travelled

Direct: EMISSIONS fhem: cal 225
(Intermall combustion engine, consumption; off 9 litres /100km)

\/ehicle manufacture 26
Fuel production 37

Vehicle maintenance, tire production, 19
InsUrance and administration

Roadway: Constriction
Parking construction), maintenamnce

Road/" parking lighting

Life-cycle assessment: increase direct emissions by =~ 60%




Direct emissions of urban transportation
(not life-cycle)

Option

Load
flactor

kJ /
pass .km

CO,
g. /pass .km

Sporits utility: venicle
(17 11/100 km)

1

5950

Gasoline = 405

Compact car
(911 /100 km)

1
3

3150
1100

Gasoline = 214

Diesel bus

10)0)
23510

Diesel = 56
32

Electric tram

610)0,

Hydrox O

Metro (electric)

150

Hydro~ 0

Pedestrian

150

Wheat = 2 (LCA)

Cyclist

6]0)

Wheat = 1 (LCA)




Direct emissions of fireight transportation
(not life-cycle)

Optien Lead kJ / CO,
factor | tonne .km g /tenne .km

Diesel truck:
large 600-1000 Diesel = 42-71

Tirain 100% 280-400 Diesel = 20-28
Boat: Average | Less than 200/ Oil = less than 14

Pipeline Average 170)

Freight Average | 7000-15000" |Keresene
plane = 476-1020




Life-cycle assessment
of technologies and alternative fuels

Included:
FUel extraction and precessing
Distribution; el tels
Use of vehicles

Often excluded in assessment

Building off cars

Infrastructures




Fuel cells: Do they improve efficiency: ?

Type of
vehicle

Preduction and
CORNVErsIon; steps

Efficiency,
of step

Overall
efficiency.

Conventional
venicle

Ol process/ delivery
Internal combustion
engine

Gears In transmission

856
20%

=~ 90%

15%

Euel cell
Venicle;

Central
ieformingl of
gas te

(Gas| proecess/ delivery.
Refiorming of gas
Compression, delivery H

Electric conversion
in fuel cell

Electric motor

85 Y%
67 %
901%
401 %

901 %




Efficiency and GHG Emissions of Transportation Technologies

Upstream
Source Technology Vehicle Energy Life cycle Life cycle
+ upstream Efficiency System Efficiency CO,
process Efficiency reductions
Gaso- |ICE 17% 83% 14% Base
line  |Hybrid 32% 83% 27% | 47-51%
electric
Fuel cell, Coal: 30%
Coal H by 40% |Electrolysis 8% 87%
Modern | electrolysis 70% Increase
plant  |Battery
powered 80% 30% 24% 20-30%
electric
Tram;
Overhead 95% 30% 29% 82%
line




Efficiency and GHG Emissions of Transportation Technologies

Upstream
Technology Vehicle Energy Life cycle Life cycle
Source + upstream Efficiency  System Efficiency CO,
process Efficiency reductions
Gaso- |ICE 17% 83% 14% Base
line
Gaso-
line Plug-in 32% 83%
50%,  |hybrid 50% 72%
Hydro |electric 80% 93%
50%
Battery
Hydro |powered 80% 93% 714% 98%
electric




Performance of Ethanol Options

Energy Energy Life cycle CO, Source of data
Source Payback ratio relative to gasoline

+13% Delucchi 2004
Corn -13% Farrell et al. 2006

1.4 -25% to -32% | Wang 2001, 2005

Sugar
Cane 8.3 -87% to -96% |Macebo et al. 2004
Cellu- 10.3 Wang 2005
losic -75% Tahara 2001




Performance of Bio-diesel Options

Energy Energy Life cycle CO2 Source of data
Source Payb.ack relative to diesel
ratio
Waste 5t0 6 Elsayed et al. 2003
vegetable oll -92% Beer et al. 2001
1.4t03 Azevedo 2005
Rapeseed 3 ADEME/DIREM 2002
-40% Larivé 2005
-21% Armstrong et al. 2002
1.4t03.4 Azevedo 2005
Soybeans +107%  U.sS. Delucchi 2003
-53% Netherlands NOVEM 2003




Life-cycle Assessment of biofuels:
methodelegical Issues

Input: e OIl for tractors and machinery.
o Natural gasiinfertilizer
e Source ofi electricity’ In processing
GHG emissIons often reduced due te natural gas

and clean| electricity

- GIHGI emission fiactors! off DIOfiUElS
do not consider alternative use of soilk
i a forest is cut to produce; biofuels,
overalllemissions can be larger tham oil




Conclusions

Tihe moest: efficient: option:
direct use of electricity in public transit:
trolleybuses, tirams, electric trains

Some biofiuels can helprreduce GIHG emiSsIons,
bUt not ethanel firom' corn

[For cars and trucks:

s Now IHV/DrId electric

o [N a few years Plugrin hybrid electric

o Mid term Battery powered electric
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