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a Phenanthrene, b OME
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Munack A, Krahl J, Bünger J, Ruschel Y , Scröder O (2008) Exhaust gas emissions and mutagenic effects of modern diesel fuels, GTL, 
biodiesel, and biodiesel blends. Paper presented at the IGR — International conference of agricultural engineering XXXVII Congresso 
Brasileiro de Engenharia Agrícola Brazil, Aug 31 to Sept 4, 2008.



www.vestforsk.no

Peak Phosphate



www.vestforsk.no

Peak Phosphate (1)

- Phosphate is used by plants to form the cell walls and membranes through phospholipids

- Phosphate is key parts of DNA

- There is no substitute for phosphorus in food production

- It is estimated that by 2025-2030 the world will reach peak phosphate, with a flattening out of 
fertilizer production

- 85 % of the global reserves of high grade phosphate is in Western Sahara

- Western Sahara has been occupied by Morocco since the Spanish colonialists left in 1976

- Many neighboring states reject the Moroccan administration of Western Sahara, and several states 
have established diplomatic relations to the ‘‘Sahrawi Arab Democratic Republic’’ represented by the 
Polisario Front. This movement is operating in exile in Algeria, and UN recognizes it as the rightful
representative of the territory. It is believed that the phosphate deposits were the major reason that 
Morocco took an interest in the Western Sahara. 

- The Polisario Front would like to have it back
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Peak Phosphate (2)

Pearce F (2011) Phosphate: A Critical Resource Misused and Now Running Low. Yale University, New Haven, CT 

The Bou Craa mine in the Western Sahara sends phosphate down a 150-kilometer-long conveyor belt to the port of El Ayoun
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Towards the Use of Electric Cars(2)
Normalized impacts of vehicle production. Results for each 
impact category have been normalized to the largest total 
impact.

Impact categories:
GWP Global Warming Potential
TAP Terrestrial Acidification Potential
PMFP Particulate Matter Formation Potential
POFP Photochemical Oxidation Formation Potential
HTP Human Toxicity Potential
FETP Freshwater Eco-Toxicity Potential 
TETP Terrestrial Eco-Toxicity Potential 
FEP Freshwater Eutrophication Potential
MDP Mineral Depletion Potential
FDP Fossil Depletion Potential

Batteries:
LiFePO

4
Lithium Iron Phosphate 

LiNCM Lithium Nickel Cobalt Manganese 

Electricity sources:
C Coal
NG Natural Gas 
Euro European Electricity Mix

Hawkins T, Singh B, Majeau-Bettez B, Strømman A (2013) Comparative Environmental Life Cycle Assessment of Conventional and Electrical Vehicles. Int J Ind 
Ecol 17(1):53–64. 
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Towards the Use of Electric Cars(3)
Battery prod (mass of battery required, normalized to base 
case):
0.8 (A), 1.0 (B), 1.2 (C), 1.3 (D), 2 (E)

Vehicle lifetime (km): 
250 000 (A), 200 000 (B), 150 000 (C), 100 000 (D) 

EV energy use (MJ/km): 
0.3 (A), 0.45 (B), 0.6 (C), 0.75 (D), 0.9 (E), 1.2 (F)

ICEV diesel use (L/km): 
0.03 (A), 0.04 (B), 0.05 (C), 0.06 (D), 0.07 (E), 0.08 (F)

ICEV gasoline use (L/km): 
0.04 (A), 0.05 (B), 0.06 (C), 0.07 (D), 0.08 (E), 0.09 (F), 0.1 (G)

EV Elec. Source: 
wind (A), natural gas (B), oil (C), coal (D), lignite (E)

LiFePO
4

Lithium Iron Phosphate
LiNCM Lithium Nickel Cobalt Manganese 

Hawkins T, Singh B, Majeau-Bettez B, Strømman A (2013) Comparative Environmental Life Cycle Assessment of Conventional and Electrical Vehicles. Int J Ind 
Ecol 17(1):53–64. 
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Towards the Use of Electric Cars(4)
- Electric vehicles have only marginally lower life-cycle GWPs than gasoline and diesel vehicles 
(10-24% with present European electricity mix)

- It is counterproductive to promote EVs in regions where electricity is produced from oil, coal, and 
lignite combustion

- With a massive increase to be expected in the future number of electric vehicles, there is potential 
for serious unexpected consequences in terms of significant increased:

- human toxicity (180-290%), freshwater eco-toxicity, freshwater eutrophication
- metal depletion (200-300%

- In particular, the production of electronic equipment necessary for an electrical vehicle requires a 
variety of metals, which poses a challenge for recycling and raises serious toxicity concerns

- This stems, to a large degree, from the high use of copper wires in electrical vehicles, and the use 
of nickel in cars with lithium-nickel cobalt-manganese batteries 

- Problem shifting: 
- from GWP to toxicity and mineral resource depletion
- moving emissions away from the road rather than reducing them globally

- Hawkins T, Singh B, Majeau-Bettez B, Strømman A (2013) Comparative Environmental Life Cycle Assessment of Conventional and Electrical Vehicles. Int J Ind Ecol 17(1):53–64.
- Johnson J, Harper E, Lifset R, Graedel T (2007) Dining at the periodic table: metals concentrations as they relate to recycling. Environ Sci Technol 41(5):1759–1765
- Gaines L, Nelson P (2009) Lithium-ion batteries: possible materials issues. Argonne National Laboratory, Argonne
- Gaines L, Nelson P (2010) Lithium-ion batteries: examining material demand and recycling issues. Argonne National Laboratory, Argonne 
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Towards the Use of Electric Cars(5)

Source: Sociological Images (2014), W.W. Norton Company Inc.

Nickel runoff, Sudbury, OntarioAnaconda copper Mine in Butte, MontanaKennecott Copper Mine in Bingham Valley, Utah Anaconda copper Mine in Butte, Montana
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Implementation of Hydrogen Gas as a Transport 
Fuel (1)

Potential Environmental Impact of a Hydrogen Economy on the Stratosphere
 

- Stratospheric Ozone-depletion

- Unintended emission of molecular hydrogen (H
2
) from future widespread use of hydrogen as fuel

- Leakage of H
2
 from infrastructure and operations connected to the production, distribution, and use 

of the hydrogen fuel

- Increase the abundance of water vapor in the stratosphere. The water increase, plausibly as much 
as 1 part per million (ppm), would cause stratospheric cooling, enhancement of the heterogeneous 
chemistry that destroys ozone
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Implementation of Hydrogen Gas as a Transport 
Fuel (2)

Tromp T, Shia R-L, Allen M, et al. (2003) Potential environmental impact of a hydrogen economy on the stratosphere. Science 300(5626):1740–1742. 
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Solar Cell Production (1)

- Wet chemical etching of crystalline silicon photovoltaic wafers
- High water consumption from rinsing between successive chemical baths
- Emission of high-GWP gases

- New etching process needed (dry etching)
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Solar Cell Production (2)
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Solar Cell Production (3)
GWP comparison
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Solar Cell Production (4)
Water consumption comparison
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Solar Cell Production (5)
Toxicity comparison
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