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impact of adopting hydrogen technologies into our
with specific reference to transport providers.

y. the iprovements to the sustainable environment by embracing a
ydrogen economy.






jhe Hydrogen Economy
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Nhat is Hydrogen ?

nt on earth, it can be extracted in a number of

1 way for storing and transporting energy.

lly used during the Apollo missions to the moon in the 1960s.

also found in many organic compounds, notably the
at make up many of our fuels, such as gasoline, natural gas,
propane.



IS Hydrogen ?

ed from hydrocarbons through the application of
rming. Currently, most hydrogen is made this

gine that burns pure hydrogen
d liquid hydrogen since the 1980s
into orbit.

1ugh in energy,

1ce shuttle and other rocke



' Hydrogen ?

ld also join electricity as an important energy
s and delivers energy in a usable form to

ergy sources, like and wind, can't produce energy all the

ectric energy and hydrogen, which

0 be transported (like electricity) to locations where it is
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onverging issues ?

eing driven by 5 converging issues:-

arming and climate change
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nergy

ot only about the total amount of energy used, it is
f fuel and characteristics of the end use

e and social drivers of t
g technologies
ns between all of these

and for energy services

face increasing pressures from many directions, most notably
ition to a secure, low carbon energy system.



Nnergy

derpins pretty much everything we do.

artificial light, no long-distance
ort or large-scale manufacturing.

e, and where does it come from?

i we consume less energy in the UK today than we did in
spite an extra 6.5 million people living here.



nergy

suming less energy?

more efficient both in producing energy

2% less, while iﬁdu s a massive 60% less.

set by a 50% rise in energy use in the transport sector, due to
number of cars on the road - more than 27 million today
10 million in 1970. The big increase in the number of flights is
t factor.



per cent

n of coal and other solid fuels fell by 11.7 per cent
produced from nuclear sources fell by 1.6 per cent
electrici
cent

produced from wind and natural flow hydro fell by 10.4 per

*** Note *** At the same time consumption has risen sharply increased.



as Production and Demand

UK gas production and demand to 2020

supply gap

2002 2004 2006 2008 2010 2012 2014 2016 2013 202

proved reserves unproved reserves

. cn-stream |:| under develcprient |:| probabe |:| possible

UK gas extraction from the North Sea peaked in , the UK remained
a net exporter of gas until



UKeEas Production and Demand
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UK gas extraction from the North Sea peaked in , the UK remained
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UK Oil Production

UK oil production
000 barrels per day
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UK oil production from the North Sea peaked in



UK Energy Gap

Supply and demand
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UK energy demand is steadily increasing
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ssil Fuels



ossil Fuels

tural gas, oil and coal, were formed millions of

and animals were trapped under deposits

n over time fo remains, creating carbon-rich fuel

this process is called






of oil p.er year.

Because we use oil to manufacture many materials, including plastics, we use oil
at a much faster rate than either natural gas or coal.

Oil it is currently getting scarcer, and as a result more expensive, but current
estimates suggest we will not actually run out until between



Y

e] with the greatest reserves. Most of the coal deposits have
e carry on using coal at the same rate as we do today, we
coal to last well over

e *** As other fossil fuels run out, particularly oil, the use of coal may
e, reducing that time span considerably.






3. Transportation

tion is a condition on road networks that occurs as use
haracterised by slower speeds, longer trip times, and
bollution.

IN'S forecasts for car travel demand assumes that the population in England
] rise by around , this will

put substantial additional pressure on the network.



3. Transportation

tion is a condition on road networks that occurs as use
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bollution.

IN'S forecasts for car travel demand assumes that the population in England
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Fuel Poverty?

e million households in the UK struggled to heat

older people, disabled people, families on

ople die from the cold during the winter and many more
seholds try to cope in different ways, but often go into debt,
een food or warmth.



Fuel Poverty

Within England, fuel poverty is most prevalent in the West Midlands
and North East
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Source: English Housing Survey, DCLG; the data is the average for the three years to 2009; England;
updated Jul 2011




UK Energy Bills

Average Standard Blll

w—British Gas

—EON

e € OF

—NpOower
Scottish Power

w—SSE

Average energy bills started to dramatically increase in the
summer of 2011.



UK Electricity Prices

Electricity Prices — 1996 to 2015
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Electricity bills started to dramatically increase in 2005.






g is the observed century-scale rise in the average temperature
ate system.

Source: Wikipedia 2014


http://en.wikipedia.org/wiki/Global_warming

emperature Changes

Temperature Anomaly Over Time
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Global temperatures have risen and fallen naturally over the years,
scientists today believe that the increases in global temperature over the
past have been significantly affected by human activity, altering
a natural phenomenon known as the greenhouse effect.



Re-radiated
Reflected back out to space
to space

incoming / ATMOSPH ERE /
solar

v
radiation /

tfect that has some similarity to the warming inside a greenhouse, hence
1e name “ greenhouse effect. ”



olified Warming

The Greenhouse Effect
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oo the amount of greenhouse gases intensifies the greenhouse
effect. Higher concentrations of CO, and other greenhouse gases trap
more infrared energy in the atmosphere than occurs naturally. The
additional heat further warms the atmosphere and Earth’s surface.




reenhouse Effect

the natural process by which Earth’s atmosphere
om the Sun, warming the planet enough to

ease in "greenhouse gases" from human

ly.

nclude carbon dioxide, emitted by fossil fuel burning and
and methane, released from farming and landfill sites.

e that an increase in average global temperature of only 2
be disastrous.

ortantly, many believe that the tipping point - i.e. the level of
arbon dioxide in the atmOSﬁ ere that will take the greenhouse effect into a
naway state could be reached within the next 20 years.



Carbon Dioxide

Global Fossil Carbon Emissions
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Fossil fuel use is the primary source of CO, emissions. Since the industrial
revolution these fuels have drastically increased. CO,levels are 30% higher
than they were 650,000 years ago whilst methane is 130% greater.



onsequences

global warming will cause sea levels to rise
nsion has already raised the oceans 4 to 8 inches

sea level cm (3.5-34.6 inches) is expected over the
d years, thanks to the use gasses we have emitted to date
ure emissions. This will come in roughly equal measure from

d from thermal expansion of the oceans(water expands as it

reenland ice sheet and the Western Antarctic ice sheet the

1l be facing a 13 metre (43 foot) rise in sea level if we do not
rastically curb our greenhouse gas emissions. Even a small fraction of this
ch sea level rise would be an economic and humanitarian disaster.



onsequences
ences of rising sea levels:

if you can afford it. The US has roughly 20,000 km
e than 32,000km (19,900 miles) of coastal

etre sea level rise some island nations, such as the Maldives,
erged. Already, two of the islands that make up Kiribati (a Pacific
ve gone under the waves, and in early 2005 others were
undated by a high spring tide that washed away farmland, contaminated wells
salt water, and flooded homes and a hospital.



1m Sea level rise
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evel rise
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1m Sea level rise
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/m Sea level rise
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1d National Targets

11997, the UK agreed to a 12.5% reduction in
below 1990 levels by 2008 to 2012.

> climate change and the UK"s impact on global warming,
1as set some challenging targets, including;



Durban 2011

COP17/CMP7

UNITED NATIONS
CLIMATE CHANGE CONFERENCE 2011

DURBAN, SOUTH AFRICA

nce outcomes were:

Global agreement achieved on a roadmap to a legally binding deal
Second commitment period of Kyoto Protocol to be agreed 2012
Green Climate Fund to be set up



ris 2015
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objective is to achieve a legally binding and universal
climate, from all the nations of the world.



Barbon Dioxide Emissions

World emissions history 1999 - 2009: "000,000 tonnes
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)on Fooftprint

e total amount of greenhouse gas emissions caused by
oduct" For simplicity it is often expressed in terms

or its equivalent of other greenhouse gases

ey strategies to reducing carbon footprint, the first is to reduce
gases produced through our need for energy (renewables,
etc.), the second is to increase the efficiency of energy

10re efficient appliances, reducing waste and changing



Your Carbon Footprint

Breakdown of a typical person’s
Carbon Footprint

Share of public :
s eniices Gas, Oiland Coal

Financial s ervices 129% 15%

2% Electricity

Recreation and 12%
leisure
19% = e Private Transport

10%
Hous ehold

(buildings and
furnis hings) FPublic Transport

9% 3%

CarboninCar Clothes and Holdiay Flights

Food and Drink 5%

Manufacture pers onnel effects 5%

7% 4%

Looking at the break down you can see that transportation accounts for 13 %
of a person’s total carbon footprint. Factor in holiday flights and carbon in a

car’s manufacture and that figure suddenly jumps up to 26%
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Non Renewable Energy

e

ssil fuels (crude oil, natural gas, coal, oil shale and tar sands)
e majority of the world’s electrical energy needs.

AY,

wable e ergy is energy produced by burning fossil fuels such as coal.

They are non-renewable because there are finite resources of fossil fuels on the
planet. If they are continually used, one day they will run out.



~enewable Energy

ergy is any energy that is produced from sources other than

o
5

ergy is any source of energy that doesn't consume the finite
esources of the Earth and can be easily and quickly replenished.

At present only a small proportion of the world's energy needs come from
alternative and renewable energy sources.



owable Energy

any forms including Solar Thermal, Photovoltaics, Wind,
ave and Bioenergy (including Biomass, Biogas and Biofuels).

els the sun's energy is the ultimate source of these energies.



of Non Renewables

ntages with non-renewable energy.

d gas are abundant so this means they are a

e enough coal reso last over two hundreds years.

unts of electricity can be generated from fossil fuels.



of Non Renewables

ewable and will eventually run out because we are
n they can be restored within the earth.

otochemical pollution from nitrous oxides,

s also produce greenhouse gases including vast amounts of
that may be causing the phenomenon of global warming that
ently experiencing.



ntages of Renewables

the fact that these sources of energy are renewable. We

- the wind will always exist; for example the energy in the winds
bss the United States each year could produce more than 16
electricity - more than one and one-half times the electricity

the United States in 2000.

idal Energy - the moon which provides the forces that causes the tides will
Iways be there.

Hydroelectric Energy - unless there is a drastic change in rain patterns, it will
always be there



S of Renewables

at we can stop using fossil fuels to generate

as much electricity as we like without

urces are 'green’, or en entally friendly. This is because
it carbon dioxide (the biggest contributor to global warming)



antages of Renewables

enewable energy is that it is difficult to generate the quantities of
s those produced by traditional fossil fuel generators. This
ce the amount of energy we use or simply build more

sources is the reliability of supply. Renewable
ce of power.

rces are unavailable so is the capacity to make energy from them. This

ictable and inconsistent. The current cost of renewable energy technology
also far in excess of traditional fossil fuel generation. This is because it is a new
technology and as such has extremely large capital cost.
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dydrogen Technologies

1 environmentally friendly energy carrier is growing due to
ick refuelling capabilities.

see

0 popularity, and there are currently some 200
stations in op

ound the world with concrete plans for 100
ornia, both by 2016, plus 400 more within

ave been the pioneers in implementing H2 infrastructure and fuelling,
f stations, in many cases supported by a push for further initiatives
programs creating and storing hydrogen for fuelling made from

es including wind power stations.



dydrogen Technologies

ber of the technical challenges to getting hydrogen into
and key industry stakeholders and the UK Government
his new fuel and vehicle technology to the mass

offort in addressing th. hallenges and issues (pipeline
ing out hydrogen fuel cell electric
Hydrogen Mobility, a joint project involving key stakeholders including

as industry, OEMs, the UK Government and refuelling infrastructure




n Technologies

great strides to become more sophisticated, with new
available every day.

emissions, with strict emission targets to be
r wide adoption of hydrogen technologies.



] has specific advantages and disadvantages.

e as electrical generators, and they have also been

ating on hydrogen techno
't of using a hydrogen fuel ce
ugh the tailpipe.

is a way to generate electrical power. The
Dower a car is water or water vapour,

act of adopting hydrogen as an energy source would be positive for the

he use of hydrogen would likely come with a reduction of the use of fossil fuels as
ergy sources. With this reduction would perhaps come a reduction in global
ming, because fossil fuel use is believed to be an important contributor to global
warming.



d Cons of Existing
drogen Technologies

potentially affect the environment in a negative way.

1, carbon dioxide and other negative emissions can enter the

e addressed by catching a
oct the environment.

the carbon dioxide, but even this storage can

onmentally friendly, renewable resources such as solar or wind are used to power
ducing hydrogen, the negative impact can be eliminated.

omes widely used, it could leak into the atmosphere. If the amount is significant
ogen could change the percentage of hydrogen present in Earth's atmosphere.
believe that this could have a profound effect on the atmosphere, including

of the hole in the ozone layer.

Vater or water vapour produced by cars using hydrogen fuel cells will be pure, therefore it will
freeze in temperatures below 32F (0C). Scientists will have to come up with a solution for this by-
product on the roadways and the environment in colder climates.



ation & Hydrogen

icles are very easy to manufacture and they have no moving
ittle maintenance that needs to be performed on each

quiet, light and versatile.

ll-powered cars are very efficient producers of power. They are more
al combustion engine cars. About 60 % of the potential energy in
‘into electricity by a fuel cell.

hese fuel cell-cars can respond instantaneously to provide fuel when it is needed.



ation & Hydrogen
najor drawbacks to the development and use of fuel cells

uel cells between manufacturers or most

istructure needs to be suppo erging hydrogen technologies
1d businesses do not want to invest money in creating an infrastructure

nergy produced by a fuel cell is also very high.

‘cells have been going down as technology has been developed and



‘ming and Hydrogen

om somewhere- it doesn't naturally occur on its own (at least
ities)

They aren't the solution to global warming. Changing how we get our energy and how
we use it (and how much) is the critical






] .onomy Opportunities

ergy are fossil fuels - oil, gas, coal. But that is set to change

n a bold move, Iceland has set itself the challenge of becoming the world's first hydrogen
onomy, with the aim of the fuel supporting all its energy needs by 2050.



conomy Opportunities

e are beginning to see is the introduction and take-up of

are about twice as efficient as current fossil fuel
pollution in cities.



dydrogen Economy Opportunities

owards an increased use of hydrogen are starting to gather
is restricted by a number of constraints at the political,
els.

he spectre of the Hindenburg accident still in the

eption of the dangers around hydrogen's transportation and distribution need
if we're to see widespread use in the future.

, there are real issues in terms of how we store and transport hydrogen.
very light gas making it far more difficult to work with than gasoline.

national government organisations must get behind the technology and
provide the support for research, and ultimately the commercialisation of hydrogen, if we are
0 succeed in developmg a viable and green alternative to fossil fuels.

The hydrogen economy is developing but more must be done if we're to see real progress in the
medium to long term; only then will it cease to be a theory and become a reality.
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