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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
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biofuelwatch

Briefing: Drax Power Station Emissions — Coal-to-Biomass

conversion increases levels of dangerous small particles
Biofuelwatch, July 2017

SUMMARY

» Data obtained through a Freedom of Information request shows that Drax Power Station's emissions
of PM,, have increased by 135% since the conversion of 3 of 6 units to burn biomass (wood pellets)
instead of coal.

* Levels of PM,, are significantly correlated with volume of biomass burnt over the past 9 years.

* The volume of PM,, now emitted yearly by Drax is equivalent to that from adding 3 million extra
diesel cars on the roads.




World Energy Use
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» Humanity faces a choice between two futures: deing nothing
1o curb emissions (which poses huge climate risks) and bringing

nder control {which has costs but also benefits).
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Getting a grip on greenhouse gases is daunting but doable.
The technologies already exist. But there is no time tolose
BY ROBERT H. SOCOLOW AND STEPHEN W. PACALA

Retreating glaciers, stronger hurricanes, hot-
ter summers, thinner polar bears: the ominous har-
bingers of global warming are driving companies
and governments to work toward an unprecedented
change in the historical pattern of fossil-fuel use.
Faster and faster, year after year for two centuries,
human beings have been transferring carbon to the
atmosphere from below the surface of the carth.
Today the world’s coal, oil and natural gas indus-
tries dig up and pump out about seven billion tons
of carbon a year, and socicty burns nearly all of it,
releasing carbon dioxide (CO;). Ever more people
are convinced that prudence dictates a reversal of
the present course of rising CO; emissions.

The boundary scparating the truly dangerous
consequences of emissions from the mercly unwise
is probably located near (but below) a doubling of
the concentration of CO; that was in the atmo-
sphere in the 18th century, before the Industrial
Revolution began. Every increase in concentration
carries new risks, but avoiding that danger zone
would reduce the likelihood of triggering major, ir-
reversible climate changes, such as the disappear-

ance of the Greenland ice cap. Two years ago the
two of us provided a simple framework to relate
future CO; emissions to this goal.

We contrasted two 50-year futures. In one fu-
ture, the emissions rate continues to grow at the
pace of the past 30 years for the next 50 years,
reaching 14 billion tons of carbon a year in 2056.
{Higher or lower rates are, of course, plausible.) At
that point, a tripling of preindustrial carbon con-
centrations would be very difficult to avoid, even
with concerted efforts to decarbonize the world's
energy systems over the following 100 years. In the
other future, emissions are frozen at the present
value of seven billion tons a year for the next 50
years and then reduced by about half over the fol-
lowing 50 years. In this way, a doubling of COz
levels can be avoided. The difference between these
50-year emission paths—one ramping up and onc
flattening out—we called the stabilization triangle
|see box on page 52].

To hold global emissions constant while the
world's economy continues to grow is a daunting
task. Over the past 30 years, as the gross world

KENN BROWN

50 SCIENTIFIC AMERICAN

COPYRIGHT 2006 SCIENTIFICA

SEPTEMBER 2008
MERICAN, INC.




Fossil-Fuel Dragons!




Drowning in oll

National Grid: Live Status (8:20am 20/03/2018)

The National Grid is Great Britain's electricity transmission network, distributing the electrical power generated in England, Scotland, and Wales, and transferring energy
between Great Britain and Ireland, France, and the Netherlands.

20.4% other energy

Generation: Il Coal 6.946w 16.9% B Pumped storage ) 0.47GW  1.1%
M oil 0.006w  0.0% Il Nuclear 7.796w 18.9%
M Gas (open cycle) @ o.0o6w  0.0% B Other o.136W  0.3%

M Gas (combined cycle) @ 18.366wW 44.6%

13.9% renewable energy 4.1% interconnectors

Solar photoveltaic 1176w 2.8% Il HVDC Moyle © 0.006W 0.0%
Il Wind 4216w 10.2% Il HVDC Cross-Channel @ o.g95cw 2.3%
Hydroelectric 0.356wW  0.9% BritNed o.756w 1.8%
Mote: this pie chart shows generation only, and excludes W Hy e ? u o =
interconnectors B East-West Interconnector @  c.cocw 0.0%

Averages

Past day: Past week: Past month: Past year:

Average demand: 37.7GW Average demand: 34.6GW Average demand: 36.5GW Average demand: 32.4GW




Petroleum (Gasoline) and Diesel

Three fundamental reasons why fossil fuels will
remain popular for ..?.. years/centuries(!)




The attraction of liquid carbon-based fuels

|. The Hydrocarbon Economy
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The attraction of liquid carbon-based fuels

The link to human development
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The attraction of liquid carbon-based fuels:

lll. Ideal for transportation: On-board energy density
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« 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 $650x10° for a refuelling infrastructure for a 100x108 vehicle fleet.

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

SEH IO IR I IO

Introduction to
the Study of
Fuel

Macrae, John Campbell

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+0,.CO,
H, + O = H,0



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 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 CO, from refineries and power
plants;

» Energy and sustainability economics through a complete
Life Cycle Analysis: “The Catalyst Sensitivity Index”



Hydrogen Storage Materials

Hydrogen Storage Materials
The Key Technology Barrier

Energy Production \ En‘erjy Storage Energy Use

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



Hydrogen from Fossil Fuels: The Perfect Store?
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Microwave irradiation and catalytic decomposition of hydrocarbons

(i) Microwave

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



Metal-Insulator Transition

Macroscopic mesoscopic microscopic
Bulk Metal Metal Colloids and Nanoparticles Atoms and
Molecules
5 OO » 009, e 5%
O 00 o
Metal Size-Induced Metal-Insulator Transition  Insulator

Colloidal gold - 107X

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

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



The Size-Induced Metal-Insulator Transition:

Evolution of the Kubo Gap

Macroscopic sV eSOSCOPIC nu——
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Phys. Soc. Japan, 1962, 17, 975



The Size-Induced Metal-Insulator Transition in Indium Metal
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The Size-Induced Metal-Insulator Transition:

Electromagnetic Absorption
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Decarbonizing Diesel

-~—~100

CH, = 5.25%

; [Catalyst]
,, CH, = 0.46% Diesel —— C+ H2
’ Microwave
CO=17% ,/ C-Cs Alkanes = 1.32% 2.45 GHz

CO, = 0.04%
Evolved gas composition of

Diesel @ Fe/SiC sample

io_ %] AT TR IR = Catalysts Gravimetric Volumetric
Sl H, Density Density  (kg-
S 70 / (kg-H,/kg) H,/m?3)

:§ 60 ,’I

S 50l u DoE target 7.5 70

S 41

§ - Fe/SiC 8.59 71.45

2 13 Ni/SiC 9.04 75.22

S 104 gt~ _

Yool edes FeNi/SiC 8.10 67.40

1 2 3 4 5 6 7 8 9 10
Time on stream (min)



Hydrogen Energy from Fossil Fuels

Y CH,=10.5%
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Conclusions...

® In addition to the progress with Renewables, the continued
production of energy from fossils is mandatory.

® According to an old saying, "The end of stone age did not occur
because of the lack of stones”. Likewise, in my view, at the end
of the Coal exploitation era, there will be still huge amounts of
Coal left.

® Methane decarburation (TDM, CH, -> 2H,+C) in association with
NG may become a valid alternative to Renewable Energies since
having removed the CO,, it has the capability of becoming
another safe primary energy source adequate for centuries.

® Both as a H, gas or a liquid with Methanol and already "spent
CO," it can be made environmentally acceptable with a minimal
footprint and without costly new infrastructures.

® Provided the emissions of CO, can be economically removed with
black carbon and our simple method, why should it not be vastly
used in the future without environmental drawbacks ?

Carlo Rubbia (May 2017)



Transforming CO, from a liability to an asset

New options New option
MAT. GAS C0O2 FROM 02 RECOVERY
FOR PROCESS PROCESS FROM AlR
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Carlo Rubbia (May 2017)



Miracle Machine or White Elephant?
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Buried Trouble

NEWS FEATURE

BURIED TROUBLE

Protesters saying “no to CO," are just one roadblock facing carbon sequestration — a strategy that
could help prevent dangerous climate change. Richard Van Noorden investigates.




The Carbon Dioxide Economy: CO, as a new feedstock

The Top 10 emerging technologies for 2012
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World Economic Forum (2011) Abu Dhabi



CO, re-use: which product?

e Annual global CO,-production in steel industry vs current annual markets

Current Annual Market vs. Potential [Mt/yr]

.
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2500
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mmm) Fuel market as growth market

Frans van Berkel, ECN NL, ICCDU 2016



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




Bonding and the activation/reduction of CO,

Walsh diagram of CO, orbital energies
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Electron transfer into CO, LUMO is the key to CO, activation and utilisation
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“Chemical” reduction of CO,

Thermodynamics of CO, conversion: Lessons |

d CO, is a stable molecule —
' N, H, 0O, m— CyoHy,
Q  Conversion of CO, involves oo - @8 = - S
endothernic, reduction 500 sy Py
4 (-32.9) :
reactions 000 £
~-150.0 ?o —
BUT % 000 (-137.15) ffﬁ?;
d  All chemical reactions are D (aea
driven by differences in Gibbs =000
Free Energy between 800
products and reactants oo Co,
-450.0 (-394.0)

d  Many large-scale industrial
processes are based on CH, +H,0=CO + 3H,

endothermic reactions. .
AH = +206 kj/mol CO,
| Endothermic reactions set the

target and the scale for Solar CH, + CO, =2C0O + 2H,0
Thermal Energy Processes AH = +247 kj/mol CO,

Z. Jiang, T. Xiao, V. L. Kuznetsov and P. P. Edwards, Phil. Trans. R. Soc. A, 2010, 368, 3343-3364
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The Tri-Reforming Process
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Potential for Flue Gas Reforming

Chemicals

Chunshan Song (Penn State)



CO, Capture, Storage and Utilisation in China
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L. Li et al., Fuel, 108 (2013) 112—130)



Scenarios: The critical role of the meso-scale

From chemistry to chemical engineering
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Linking Catalyst Performance to Carbon Footprints: Life Cycle Analysis:

Carbon Cycle: Algae-to-Biodiesel

farming in
COZ ponds or reactors
aﬁertreatmer/ + HZO\
algae
exhaust gas
filtration
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o algal harvest
liquid fuels

\ ‘/dry or wet
hydrotreatment or oil extraction
transesterification

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



Life Cycle Analysis of a complete energy process

Recovery Conversion Transport Conversion
Jfarming at source (long range) at destin.

€]
E = fossil energy; € = Money

Distribution

T. Xiao, T. Shrivani, O. Inderwildi, S. Gonzalez-Cortes, H. Alimegren, 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
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The Catalyst Sensitivity Index:

Various catalytic processes involving fuel production and conversion
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Getting a grip on greenhouse gases is daunting but doable.
The technologies already exist. But there is no time tolose
BY ROBERT H. SOCOLOW AND STEPHEN W. PACALA

Retreating glaciers, stronger hurricanes, hot-
ter summers, thinner polar bears: the ominous har-
bingers of global warming are driving companies
and governments to work toward an unprecedented
change in the historical pattern of fossil-fuel use.
Faster and faster, year after year for two centuries,
human beings have been transferring carbon to the
atmosphere from below the surface of the carth.
Today the world’s coal, oil and natural gas indus-
tries dig up and pump out about seven billion tons
of carbon a year, and socicty burns nearly all of it,
releasing carbon dioxide (CO;). Ever more people
are convinced that prudence dictates a reversal of
the present course of rising CO; emissions.

The boundary scparating the truly dangerous
consequences of emissions from the mercly unwise
is probably located near (but below) a doubling of
the concentration of CO; that was in the atmo-
sphere in the 18th century, before the Industrial
Revolution began. Every increase in concentration
carries new risks, but avoiding that danger zone
would reduce the likelihood of triggering major, ir-
reversible climate changes, such as the disappear-

ance of the Greenland ice cap. Two years ago the
two of us provided a simple framework to relate
future CO; emissions to this goal.

We contrasted two 50-year futures. In one fu-
ture, the emissions rate continues to grow at the
pace of the past 30 years for the next 50 years,
reaching 14 billion tons of carbon a year in 2056.
{Higher or lower rates are, of course, plausible.) At
that point, a tripling of preindustrial carbon con-
centrations would be very difficult to avoid, even
with concerted efforts to decarbonize the world's
energy systems over the following 100 years. In the
other future, emissions are frozen at the present
value of seven billion tons a year for the next 50
years and then reduced by about half over the fol-
lowing 50 years. In this way, a doubling of COz
levels can be avoided. The difference between these
50-year emission paths—one ramping up and onc
flattening out—we called the stabilization triangle
|see box on page 52].

To hold global emissions constant while the
world's economy continues to grow is a daunting
task. Over the past 30 years, as the gross world
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