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‘ExxonMobil bows to shareholder pressure on climate reporting’

‘Shareholders should help deliver decarbonisation’ 

Financial Times, December 4, 2017 



Powering our Future

MEGALOPOLIS
GREEN

Popular Science, July 2008 (Courtesy of Kerrie Edwards)
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World Energy Use





Fossil-Fuel Dragons!



Drowning in oil 



Petroleum (Gasoline) and Diesel

Three fundamental reasons why fossil fuels will 

remain popular for ..?.. years/centuries(!)



I.  The Hydrocarbon Economy

G. Marban, T. Valdes-Solis. Int. J. Hydrogen Energy, 32 (2007) 1625

The attraction of liquid carbon-based fuels



Kurt W. Kolasinski, Current Opinion in Solid State and 

Materials Science (2006) 10, 129-1312

The attraction of liquid carbon-based fuels

II.  The link to human development

Shell: A better life with a healthy planet: Pathways to net-zero emissions



III.  Ideal for transportation: On-board energy density

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40

Net gravimetric energy density / [MJ/kg]

N
e

t 
v
o

lu
m

e
tr

ic
 e

n
e

rg
y
 d

e
n

s
it
y
 /
 [
M

J
/l
]

Gasoline

Diesel

E85

Ethanol

M85

Methanol

L H2

700 bar H2

200 bar Methane

Batteries

• Liquid fuels can be stored on vehicles at high energy densities in simple low-cost storage 

systems and are distributed via low-cost, low-loss infrastructures.

• ANL estimate $650x109 for a refuelling infrastructure for a 100x106 vehicle fleet.

The attraction of liquid carbon-based fuels:

R. J. Pearson et al., Proceedings of the IEEE, 100, 440 (2012)



Definition of a Fuel

An Introduction to the Study of Fuel

J. C. MaCrae, Elsevier, 1966

• Any substances which unite with the 

evolution of heat;

• Important fuels are carbon 

compounds... “not too much to say that 

our whole industrial society is based 

upon the reactions”:

C + O2 = CO2

H2 + O = H2O



Clean Energy from Fossil Fuels

“Until other energy sources supplant coal, oil and natural gas, the 

technological challenge is clear: extract maximum energy from the 

old standbys while minimizing harm to the environment.”

W. Fulkerson et al.,

Scientific American, 1990, p.128



The virtues of oil The King Abdulaziz City for Science and Technology-Oxford

Petrochemical Research Centre (KOPRC)
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Clean Energy from Fossil Fuels

 Hydrogen and hydrocarbons production from crude and 

heavy oil;

 Minimal energy utilisation of CO2 from refineries and power 

plants;

 Energy and sustainability economics through a complete 

Life Cycle Analysis: “The Catalyst Sensitivity Index”



Hydrogen Storage Materials

W. Grochala and P. P. Edwards, Chem Rev. 2004, 104, 3, 1283-1316



Hydrogen from Fossil Fuels: The Perfect Store?

S. Gonzalez-Cortes, et al., Nature Scientific Reports, 6, 35315 (2016)

X. Jie, et al., Angew. Chem. Int. Ed., 2017, 56, 10170-10173

Toyota Futuristic Hydrogen Store





Microwave irradiation and catalytic decomposition of hydrocarbons
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S. Gonzalez-Cortes, et al., Nature Scientific Reports 6, 35315 (2016)



Divided Metals:

The Size-Induced Metal-Insulator Transition

M. Faraday, Phil.Trans. R. Soc.London, 1857, 147, 145 -181

P. P. Edwards and J. M. Thomas, Angew. Chem. Int. Ed. 2007, 46, 5480-5486



The Size-Induced Metal-Insulator Transition:

Evolution of the Kubo Gap

R. Kubo, J. Phys. Soc. Japan, 1962, 17, 975



The Size-Induced Metal-Insulator Transition in Indium Metal

G. Nimtz, et al., J. Crystal Growth, 1988, 16., 66



The Size-Induced Metal-Insulator Transition:

Electromagnetic Absorption

A. Porch, D. Slocombe and P. P. Edwards, Phys. Chem. Chem. Phys., 2013, 15, 2757-2763



Catalysts Gravimetric 

Density         

(kg-H2/kg)

Volumetric 

Density        (kg-

H2/m3)

DoE target 7.5 70

Fe/SiC 8.59 71.45

Ni/SiC 9.04 75.22

FeNi/SiC 8.10 67.40

Decarbonizing Diesel



Hydrogen Energy from Fossil Fuels





Conclusions…

Carlo Rubbia (May 2017)



Transforming CO2 from a liability to an asset

Carlo Rubbia (May 2017)



Miracle Machine or White Elephant?



Buried Trouble



The Carbon Dioxide Economy: CO2 as a new feedstock

The Top 10 emerging technologies for 2012

6. Utilisation of carbon dioxide as a resource

World Economic Forum (2011) Abu Dhabi



CO2 re-use: which product?

Frans van Berkel, ECN NL, ICCDU 2016  



Carbon-neutral fuels

R. J. Pearson and J. Turner, P. P. Edwards, Lotus Engineering, ProActive Issue 44, Spring 2012



Bonding and the activation/reduction of CO2

H.-J. Freund, M. W. Roberts, Surface Science Reports, 25, 225-273 (1996)

Walsh diagram of CO2 orbital energies

17 (valence) 

electron CO2
-

(LUMO)

16 (valence) 

electron CO2

(HOMO)

Electron transfer into CO2 LUMO is the key to CO2 activation and utilisation



“Chemical” reduction of CO2

Thermodynamics of CO2 conversion: Lessons I
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 CO2 is a stable molecule

 Conversion of CO2 involves 

endothernic, reduction 

reactions

BUT

 All chemical reactions are 

driven by differences in Gibbs 

Free Energy between 

products and reactants

 Many large-scale industrial 

processes are based on 

endothermic reactions.

 Endothermic reactions set the 

target and the scale for Solar 

Thermal Energy Processes

CH4 + H2O = CO + 3H2

ΔH = +206 kj/mol CO2

CH4 + CO2 = 2CO + 2H2O

Δ H = +247 kj/mol CO2

Z. Jiang, T. Xiao, V. L. Kuznetsov and P. P. Edwards, Phil. Trans. R. Soc. A, 2010, 368, 3343-3364



Dry reforming puts CO2 to work

C&E News, 25 April 2016



The Tri-Reforming Process

Z. Jiang, T. Xiao, V. L. Kuznetsov and P. P. Edwards, Phil. Trans. R. Soc. A, (2010), 368, 3343-3364



Potential for Flue Gas Reforming

Chunshan Song (Penn State)



CO2 Capture, Storage and Utilisation in China

L. Li et al., Fuel, 108 (2013) 112–130)



Scenarios: The critical role of the meso-scale 

J. Li, J. Houghton and P. P. Edwards and T. Xiao 

From chemistry to chemical engineering



liquid fuels

algae

dry or wet

extraction

Linking Catalyst Performance to Carbon Footprints: Life Cycle Analysis: 

Carbon Cycle: Algae-to-Biodiesel 

T. Shrivani, X. Y. Yan, O. R. Inderwildi, D. A. King, P.P. Edwards, Energy & Environmental Science (2011), 4, 3773-3778



The importance of Catalysis for the Algae Fuel Carbon Cycle

Algae harvest

Biojet fuel

T. Shrivani, X. Yan, O. Inderwildi, D. A. King, P.P. Edwards (2012)



Life Cycle Analysis of a complete energy process

T. Xiao, T. Shrivani, O. Inderwildi, S. Gonzalez-Cortes, H. Almegren, D. A. King, P. P. Edwards, Topics in Catalysis, 2015, 58, 10, 682
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Catalyst Performance
Low High

Fischer-Tropsch 

Biomass Processing 

CSI* = D gCO2/MJFUEL

D Catalyst Efficiency

T. Xiao, T. Shrivani, O. Inderwildi, S. Gonzalez-Cortes, H. Almegren, D. A. King, P. P. Edwards, Topics in Catalysis, 2015, 58, 10, 682

The Catalyst Sensitivity Index: Quantifying the Sensitivity of the Carbon 

Footprint of any Process on Catalyst Efficiency



The Catalyst Sensitivity Index: 

Various catalytic processes involving fuel production and conversion

T. Xiao, T. Shrivani, O. Inderwildi, S. Gonzalez-Cortes, H. Almegren, D. A. King, P. P. Edwards, Topics in Catalysis, 2015, 58, 10, 682
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