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Abstract
As population rises from 7 billion today toward 9 billion by 2050, the inevitable logic of exponential
growth in both population and consumption is now hitting the limits of global ecosystems and
resource availability. The immediate pressure points are climate change, energy security, biodiversity
loss, water and food availability, issues which are converging rapidly in an unprecedented manner, in
the process contributing substantially to current financial instability.

Climate change is arguably the most intractable of these issues, due to its complexity, inherent
uncertainties and the inertia of the climatic system. However, there is now unprecedented evidence
that human carbon emissions from fossil-fuel consumption and land degradation are, on the balance of
probabilities, warming the planet at an accelerating rate. Historic emissions have probably already
locked in a temperature increase of around 2°C relative to pre-industrial conditions, sufficient in due
course to melt large parts of the Greenland and West Antarctic ice sheets, leading to a 6-7 metre sea
level rise once a thermal equilibrium point is reached. Even if current climate policies are fully
implemented, the likely temperature increase will probably be in excess of 4°C, leading in due course
to a 70 metre sea level increase. Empirical evidence suggests that climate modelling has probably
badly underestimated both the speed and the extent of climate change.

The implication is that the official target of limiting temperature increase to below 2°C is inadequate if
dangerous climate change is to be avoided, a more realistic target being below 1.5°C. This requires
the reduction of atmospheric carbon concentrations from 391ppm CO, currently to below 350ppm
CO,. Even to achieve the current 2°C official target requires global emissions to peak immediately
and decline rapidly.

Despite two decades of negotiation, virtually nothing has been done to constrain emissions and there
is no sign of this changing in the short term if current attitudes prevail. Adaptation to a 4°C
temperature rise is talked about glibly in policy circles as a realistic strategy if required. Such an
outcome would be catastrophic, with a possible reduction in global population to less than | billion
people from the current 7 billion. If the global community is serious about addressing climate change,
prudent risk management dictates that action must be elevated to an emergency footing, outside the
arena of adversarial politics, as time for a graduated incremental response has run out. The cost of
taking action now if the science turns out to be wrong is vastly outweighed by the catastrophic cost
of inaction if the science is right.

The implications for energy are diabolical. Changes to the energy system take decades to implement,
but fossil-fuel emissions must be cut rapidly and there is no sign that sequestration methods, such as
carbon capture and storage, will contribute to a solution either at the scale, or in the time, now
required. Official forecasts of expanding fossil-fuel use, used to justify continued investment with
concepts such as “carbon-ready” power stations, are irresponsible. To have a reasonable chance of
remaining below even the inadequate 2°C official target, only 30-40% of current proven fossil-fuel
reserves can be burnt. Unfortunately alternative energy sources all have lower power densities than
fossil-fuels, hence far greater spatial requirements with attendant environmental implications.

Energy policy must focus on integrated solutions to both climate, energy and global sustainability,
taking an objective view of technical realities. Differing policies are required for the developed and
developing world, with no “silver bullet “ for either, rather a multitude of “silver buckshot”. Global
carbon pricing and emission reduction targets are essential.

Developed world policy must achieve a significant reduction in energy demand, strong and consistent
support for the introduction of renewable energies, serious consideration of new nuclear technology
and biofuels with gas as a transition fuel, albeit coal seam and shale gas may be environmentally
unacceptable. High emission unconventional oil and tar sands development must halt. Developing
world policy must re-focus on low emission pathways, avoiding lock-in of fossil fuels. Above all,
economies must be placed on the equivalent of a war-footing to meet these objectives. History has
demonstrated that market solutions alone, whilst important, will not avoid dangerous climate change.
Indeed concepts of markets and economic growth need to be re-thought. The enormous scale of
energy investment now required will provide the stimulus to move beyond current financial instability.
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From Global Drivers to Strategic Risks

Since the Industrial Revolution the world has undergone an unprecedented transformation, largely a
result of human activity. To the point, as proposed by Paul Crutzen, that we are now arguably in a
new geological epoch — the Anthropocene ', where humanity is a dominant, if not the dominant force
in world evolution.

The changes have been particularly marked since WWI1 | as the developed world has enjoyed rapidly
rising standards of living and wealth creation. But in the euphoria created by this good fortune, we
fail to recognize that the global drivers behind it have gradually turned into major strategic risks; that
is risks which pose existential threats to humanity. In essence, they reflect an increasing gulf between
narrow self-interest and the common good.

As population rises from 7 billion today toward 9 billion by 2050, and possibly 10 billion by 2100 2,
the inevitable logic of exponential growth in both population and consumption is now hitting the
limits of global ecosystems and resource availability. The immediate pressure points are climate
change, energy security, biodiversity loss, water and food availability, issues which are converging
rapidly in an unprecedented manner as China and India in particular move up the growth escalator.
They are also contributing substantially to current financial instability.

This situation is not unexpected; it has been anticipated for decades going back before the 1972
publication of “The Limits to Growth” ®. In the meantime the developed world has created a political
system which has proved incapable, so far, of recognising that the most important factor for its own
survival is the preservation of a biosphere fit for human habitation.

Increasing prosperity has bred complacency; the assumption that growth within a finite system can
continue indefinitely. Hardly surprising, given that power and influence accrue to those who prosper
under the existing system, and that technology until recently has enabled us to push back or ignore
physical constraints. Our institutions have become predominantly short-term focused; politically due
to electoral cycles and corruption of the democratic process; corporately due to perverse subsidies
and incentives. As a result, enormous political and personal capital is now vested in preserving the
status quo and we are ill-equipped to address the existential challenges which confront us.

The limits we now face are global, rather than regional, and cannot be circumvented as we have done
in the past. What was workable in a relatively empty world of 2-3 billion people post-WWIl is not
workable in today’s full world of 7 billion, let alone a world of 9 or 10 billion. Our preoccupation
with an unregulated market economy is rapidly leading toward an uninhabitable planet, as
sustainability issues of theoretical concern for decades manifest themselves physically, particularly in
regard to climate and energy:

Climate Change
Climate change is arguably the most intractable of these issues, due to its complexity, inherent
uncertainties and the inertia of the climatic system.

There is now unprecedented evidence that human carbon emissions from fossil-fuel consumption and
land degradation are, on the balance of probabilities, warming the planet at an accelerating rate **¢7 8
°. The impact is clearly seen in record global surface and ocean temperatures ' '' '?, rapid Arctic and
Antarctic ice volume loss '* '*'* '¢ increasing permafrost carbon and methane emissions '’ '® ' %,
ocean acidification ?' %2, potential reversal of carbon sinks into sources, for example in the Amazon 2
and escalating extreme weather events ** >, These major changes are happening at the 0.8°C
temperature increase we have already experienced relative to pre-industrial conditions, let alone the
additional 0.6°C to 3.5°C * to which we may already be committed as the full effect of historic
emissions is felt.

3

The inertia of the climate system, particularly the slow warming of the oceans, means that the results
of our emissions today only become evident decades hence. Paleoclimate analysis suggests that
current global average temperature is around 0.6°C above the peak temperature of the Holocene
period of the 10,000 years prior to 1900, during which time humanity as we know it developed. The
thermal inertia of historic emissions is likely to translate, in due course, into a 2°C mean temperature
increase relative to pre-industrial conditions, subject to the uncertainty band above. Once
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equilibrium is reached, this will be sufficient for large parts of the Greenland and West Antarctic ice
sheets to melt, leading to sea level rises of 6-7 metres over time.

Even if current climate policies were to be fully implemented, rather than regarded as “aspirational”, it
is likely the temperature increase would be in excess of 4°C 7, sufficient over time to melt all ice
sheets, leading to a sea level rise of around 70 metres ® . It is unclear how rapidly these changes
might occur, but the empirical evidence of Arctic sea ice and ice sheet melt suggests it is happening
far faster than expected *. Thus unless we take real action now, we may well be locking in
irreversible climate change of catastrophic proportions for future generations; indeed we may have
already done so *' *2. Difficulties in gaining acceptance of this thesis include the denialist mindset of
vested interests and key institutions, plus the fact that conventional economics ignores such
possibilities.

Other scientific analysis notes that the speed of atmospheric CO, build-up is faster that at any time in
recent geological history *, and the risk that climate modelling may have badly underestimated the
speed of climate change impact, with current climate policies having virtually no chance of
constraining global temperature increase below the “official” UNFCCC target of 2°C, leading to
increases in excess of 4°C **3° %, A particular concern is the triggering of non-linear climatic tipping
points, especially the Arctic permafrost, which move global or regional climate to a different
equilibrium state, for far less favourable to human development *'.

The appropriate method of handling high impact, low probability events such as tipping points, the
conundrum of the so-called “fat tail” of probability distributions, has been well explored by Harvard’s
Martin Weitzman *, arguing that conventional cost benefit analysis is entirely inappropriate in such
circumstances, and that insurance against catastrophe should be the dominant consideration.
Unfortunately the latest science suggests that the supposed low probability of these events has
increased significantly in recent time.

A 4°C World

Unless there is a radical change in global attitudes toward climate change in the near future, a 4°C
temperature rise will probably become inevitable. A 4°C world is talked about glibly in policy circles,
often to justify greater concentration on the supposedly “politically easier” task of adaptation as
opposed to mitigation, but the real implications seem to be little understood outside the scientific
community. The outcome would be catastrophic. Large parts of the world would be subject to
extreme drought, whilst other parts experience intense rainfall *°. Mean temperature rises around
4°C would mask substantial global variations, with for example far larger increases, 10-16°C,
occurring in the Arctic . Global carrying capacity would probably fall dramatically as food and water
availability declines, with a possible reduction in global population to less than | billion people from
the current 7 billion *'.

As the Royal Society put it January 201 1, “In such a 4°C world, the limits for human adaptation are likely
to be exceeded in many parts of the world, while the limits for adaptation for natural systems would largely be
exceeded throughout the world” **.

When asked at the Melbourne 4 Degree Conference in July 201 | to explain the difference between a
2°C and a 4°C world, Hans Joachim Schellnhuber, Director of the Potsdam Institute for Climate
Impact Research replied simply: “human civilisation”.

In short, if we have any sense of responsibility to current and future generations, a 4°C world is to be
avoided at all costs.

Risk Management on a Global Scale

There will always be scientific uncertainties on an issue this complex, with year-to-year climatic
variations continuing to be used selectively by deniers to discredit the mainstream science; but the
underlying trends are clear and unfortunately they are all moving in the wrong direction. The world is
undoubtedly warming and human carbon emissions are almost certainly a major cause; the
uncertainty relates more to the outcome this will produce — whether, over time, it will be 2°C or
7°C. It is tempting to believe the deniers are right, but faced with the science, the mounting empirical
evidence and the implications of a 4°C world, prudent risk management dictates we should not risk
inaction.
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After two decades of negotiation, despite rapidly improving scientific knowledge and the evidence,
virtually nothing has been done to address the problem, with human emissions accelerating on a
worst-case pathway .

However, the 2009 Copenhagen and 2010 Cancun UNFCCC meetings were not the failures generally
portrayed, albeit the outcome was not what many had hoped for. For the first time the real issues
came to the negotiating table:

* the impossibility of getting agreement among 193 countries via the UN process,

* the necessity for the top 6-12 emitting countries to take the lead in framing solutions; but
based on current, not outdated, science.

*  The prospect that the real objective might be to limit temperature increase to 1.5°C or less,
relative to pre-industrial levels, rather than the “official” 2°C,

* the beginnings of a technology transfer and financing package for the developing world

Certainly, legal binding undertakings were missing, but this was a forgone conclusion given that the
developed world has yet to put forward any serious proposals to encourage developing country
action, and that their own targets and policies are hopelessly inadequate and compromised in the light
of the real problem that has to be addressed.

There is a long way to go, but it is dawning on global leaders that the size of the challenge is far
greater and more urgent than is being officially acknowledged. Unfortunately it may take some further
natural disasters to drive the point home; although that may occur more rapidly than expected if the
latest evidence can be believed.

Gradually, the world is starting to understand that, if catastrophic outcomes and climatic tipping
points are to be avoided, on the balance of probabilities the real target to restore a safe climate is to
reduce atmospheric carbon concentrations back toward the pre-industrial levels below 350ppm CO,
from the current 392 ppm CO,. This will require emission reductions of the order of 50% by 2020,
almost complete de-carbonisation by 2050 and continuing efforts to draw down legacy carbon from
the atmosphere * * * ¥ Already total greenhouse gas concentrations are around 470ppm
CO.,equivalent, in excess of the official UNFCCC and International Energy Agency (IEA) 450ppm
CO,e stabilization target, which supposedly corresponds to the 2°C temperature target.

Looked at from a total carbon budget perspective, to have a less than 25% chance of exceeding the
2°C target, the world can only emit a further 800 Gigatonnes CO, in toto from today, a budget which
would be used up in less than 20 years. Accepting a 50/50 chance allows the budget to increase to
1,200 GtCO,, used up in less than 30 years. If the temperature target has to be less than 2°C, as
seems likely, the budgets are considerably lower *®. This requires global emissions to peak in the next
year or so, certainly no later than 2020 and then fall in the 4-9% pa range depending on the peak year.
An equitable approach would require developed world emissions to fall rapidly, while developing
world emissions continued to rise for a period before also falling.

The cost of this degree of change is probably in the range 3-5% of global GDP, rising the longer real
action is delayed. This is a manageable amount even if the mainstream science were, in time, found
to be wrong and climate change turned out to be benign — the investment would not be wasted as a
cleaner environment would result, which is desirable from many other perspectives. However, the
potentially catastrophic cost of continuing inaction if the science is right, would be in excess of 20% of
GDP, equivalent to the costs of WWI, WWII and the Great Depression combined, let alone the
human suffering involved. We only play the fossil-fuel emissions game once, there is no trial run; in
this context, responsible risk managers would have taken action long ago.

Climate change risk management is increasingly discussed *°, but rarely in the context of the
catastrophic risk to which we are now exposed. The science on an issue this complex will not be
settled for a long time, but that requires even greater prudence in managing risk and uncertainty,
particularly when climatic changes may be sudden and irreversible.
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The Implications for Energy

The risks of climate change pose a diabolical problem for global energy supply and demand. Cheap
energy has been the cornerstone of successful societies for centuries. Today, just as economic growth
for the bulk of the world’s population is accelerating, the days of cheap fossil-fuel energy are ending,
triggered by the peaking of global oil supply and the need to reduce carbon emissions to combat
climate change. After years of denial, these realities are finally being partially acknowledged by official
bodies such as the IEA *°, the International Monetary Fund °*'and some industry leaders 2 >3 4 33 3¢ 57
*8, Unfortunately the full implications of the message have yet to penetrated the “official future” of
many national governments.

Depending on the acceptable risk to restore a safe climate, the global carbon emission reduction
targets above will only allow around 30 - 40% respectively of existing fossil-fuel reserves (reserves
recoverable with existing technology and prices) to be consumed *°. Which removes any justification
for expanding reserves of oil, gas and coal with increasingly risky, costly and environmentally damaging
ventures, such as deepwater oil exploration and tar sands, unless those emissions can be safely
sequestered long-term. Looking at our traditional fossil-fuel mainstays in this context:

Peak Oil

Peak oil is not primarily an economic issue, but a reflection of the physical barriers to energy supply
we now face. We are not running out of either oil, gas or coal resources. The issue is how to
convert those resources in the ground into flows to the market in an environmentally and
economically acceptable manner.

Peak oil is the point at which it is no longer possible to increase oil production to meet demand,
notwithstanding increasing prices, as evidenced by the stagnation of global oil supply since 2005 ¢ ¢'.
It results from the discovery rate of new oilfields falling far behind our escalating use of oil, and the
fact that production from long established oilfields is depleting at faster rates than anticipated. As a
result, we are forced to explore in more difficult conditions, with ever increasing risk and cost, as
witnessed by the BP Deepwater Horizon blowout in the Gulf of Mexico ®* and controversy over tar
sands production in Canada ® ¢ %, Recent estimates indicate the need to bring on stream the
equivalent oil production of four Saudi Arabia’s over the next 10-15 years just to maintain current
supply, let alone meet increasing demand ® ¢’. Highly unlikely in current circumstances.

Peak oil, due to the immediacy of it’s impact, is likely to be the trigger which forces serious action on
climate and energy security. The oil price spike to US$147 per barrel in July 2008 gave warning of the
tightrope we are walking, as well as probably triggering the first stage of the Global Financial Crisis
(GFC) as it broke the financial back of debt-laden, gasoline-dependent consumers on the fringe of US
cities. Prices subsequently dropped as the GFC destroyed oil demand, but have recovered close to
US$100 per barrel currently. Further increases can be expected if economic activity strengthens,
which in turn will have a temporary dampening effect, leading to an undulating plateau of price and
supply volatility, possibly for some time.

Opinions vary widely on the evolution of global oil supply, and much will depend on the speed of
economic recovery globally ®. It may well be that global supply by 2030 is 20-30% below current
levels * a traumatic change for a world wedded to oil, particularly in sectors where substitution
options are limited, for example for private transport and aviation ”°

Coal

Coal is the most critical factor in solving the energy security and climate change dilemma. It is the
largest, cheapest and most widely available fossil-fuel resource, but has the worst environmental
impact, with emissions double that of gas per unit of energy. Unless means can be found to capture
and store those emissions securely, the coal industry worldwide will have to shut down rapidly if
catastrophic climate change is to be avoided. Clean Coal Technology (CCT) and geological Carbon
Capture and Storage (CCS) are seen as the means of securing coal’s long-term future, to the point
where they have become unquestioned articles of faith on the part of industry and government.
Substantial research and development for both CCT and CCS has been initiated, with high emission
facilities, such as power stations, being built “carbon-ready” so that CCS technology can, in theory, be
added as soon as it is available.
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Unfortunately that faith looks increasingly misplaced. CCS is established technology in the oil and gas
industry where it has been practiced safely for decades by storing carbon dioxide in the reservoirs
from which it was originally extracted with the oil and gas. However, sequestering carbon emissions
on the scale now required by the climate science means the establishment of an industry larger than
the world oil industry, storage in geological formations that have never demonstrated the security and
stability of oil and gas reservoirs, solving substantial reservoir engineering problems and, unlike oil and
gas practice, transporting the material large distances from source to storage for no economic
benefit. This has to be done at scale in less than two decades to have any real impact on the climate
problem. At present there are only five commercial scale projects worldwide, none in the critical
power generation area, and technical progress is painfully slow. The IEA have highlighted the need for
100 projects by 2020, 800 projects by 2030, and 3,400 projects by 2050 ”'; an extremely demanding
target representing an investment to 2050 of around US$3 trillion.

CCT, as distinct from CCS, refers to a range of technologies, such as Integrated Combined Cycle
Gasification and Supercritical Pulverised Coal Plants, aimed at reducing the environmental impact of
coal. However, it is an oxymoron in that coal does not become clean, rather emissions are reduced
typically by 20-40% and efficiency is increased; all of which is valuable, but it does not solve the
underlying problem of coal’s high emissions.

Gas

Much store is placed on the future role of gas, whether as Liquified Natural Gas (LNG), Coal Seam
Gas (CSG) or unconventional gas from shale beds, as a transition fuel to the low-carbon economy in
replacing coal, the rationale being that carbon emissions from gas burning supposedly have roughly
half the warming potential of coal. However extensive use of gas has some unexpected consequences
given current climate change risks.

Coal burning emits not just carbon, but also aerosols, tiny particles which are suspended in the
atmosphere and have a cooling effect. Cleaner-burning gas does not emit aerosols, so if coal use
drops, to be replaced by gas, the level of aerosols drops correspondingly and hence the cooling effect
reduces. So one unintended consequence of the use of gas may be a relative increase in global
temperature in the medium term due to the removal of aerosols which are currently holding global
temperature at a lower level than would otherwise be the case.

CSG and unconventional shale-gas also have complications. They rely on fracturing geological
formations with fluids to release gas trapped in the coal seam or rock pores. Depending on the
geological strata, this may result in a rapid production build-up, but an equally rapid production
decline, necessitating many wells being drilled over an extensive surface area using large amounts of
water. Potential risks to acquifers and agricultural land use include water contamination, water table
depletion and increased fugitive gas emissions if water tables fall. All of which requires high standards
of regulation and compliance, with associated costs, if these new industries are to operate
responsibly. A very different operation from conventional oil and gas production, which is relatively
localized. This is causing significant conflict between the energy and agricultural industries in rural
Australia.

The most important factor is the leakage of gas prior to combustion. Whilst gas when burnt has
roughly half the emissions of coal, if gas is leaked to atmosphere pre-combustion, it has a warming
potential around 25 times that of CO, over a 100 year time frame. A leakage rate of around 3%
negates the advantage gas has over coal from an equivalent warming perspective - typical leakage rates
appear to be in the 1.5 — 2.5% range 7> 7.

Recent analysis suggests that extensive use of gas will actually increase warming for several decades
ahead, the period depending on success in limiting leakage "*7>. As Noburu Tanaka, Executive
Director of the IEA put it: “While natural gas is the cleanest fossil fuel, it is still a fossil fuel. Its increased
use could muscle—out low carbon fuels such as renewables and nuclear, particularly in the wake of Fukushima.
An expansion of gas use alone is no panacea for climate change”.

So gas is not the solution to emissions reduction which is generally assumed and its extended use
needs to be treated with caution. It also emphasizes the need for high standards of performance to
prevent leakage if the use of gas increases. On the positive side, gas-fired power generation facilities
can be built on both large and small scale, and fired up very quickly to meet peaking power demand, in
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contrast to base-load coal-fired power generation. In this context, gas can be valuable as a back-up to
intermittent renewable energy generation.

If dangerous warming is to be avoided, CCS will be equally necessary for gas as well as for emissions
from other industrial processes such as steel and cement manufacture. But objectivity is essential in
developing these proposed solutions. Whilst research on CCS and CCT should be accelerated to
determine the realistic role these technologies can play, and they will undoubtedly work in specific
situations, it is extremely unlikely they will provide the hoped-for panacea for coal or gas. To
sequester just 20% of current CO, emitted from global fossil-fuel combustion would require an
industry 70% larger than the world oil industry, which has itself taken decades to establish °. Given
the climate change risks now emerging, it is an extremely dangerous strategy, and morally
reprehensible, to place most of our eggs in these baskets, as fossil-fuel rich countries are doing, and
to lock-in the construction of new high-emission facilities, “carbon-ready” or not, before the viability
of the technology is assured.

Given that CCS is an existential technology for both coal and gas, it is of particular concern that
fossil-fuel industry players do not seem committed to invest in the technology at the speed required,
simultaneously attempting to prevent the introduction of carbon pricing which would speed its
commercialization and passing off risk to the public sector. Which suggests that those players do not
yet understand — or want to understand - the climate change risks to which we are now exposed.
Similarily with the lack of continuity and consistency in government policy. There is clear evidence of
moral hazard in the attitude of both the fossil-fuel industries and governments to CCS, as their
supposed commitment to CCS research erodes their preparedness to reduce emissions. As The
Economist put it:: “The world’s leaders are counting on a fix for climate change that is at best uncertain and
at worst unworkable” .

Concerns have also been expressed over the peaking of both coal and gas supplies, albeit at longer
time frames than the peaking of oil.

The implication of the climate change / energy conundrum is that the world has to halt the use of all
fossil-fuels as rapidly as possible, except to the extent that CCS, and possibly some other genuinely
long term sequestration techniques can safely store emissions, which is likely to be a relatively minor
part of total fossil fuel use. Even for that to happen, industry and governments will have to
demonstrate far greater commitment that has been forthcoming thus far. A massive challenge, far
beyond anything being acknowledged politically, with far reaching implications across the global
economy, not least for financial markets as the value of fossil fuel companies is re-assessed ”®

The Alternatives to Fossil-Fuels

The alternatives to our traditional energy supply mainstays of oil, gas and coal range from nuclear
power to numerous renewable energy options. There is no “silver bullet” to solve escalating energy
security concerns as fossil-fuels are phased out, but much “silver buckshot” whose development must
be accelerated, ideally by a combination of regulatory and market mechanisms, to meet future needs.
The critical policy requirement is that each option is assessed in the light of its true cost, benefits and
risks. Externalities such as carbon pollution must be fully internalized, inter alia removing the
enormous subsidy the fossil-fuel industries have enjoyed since the Industrial Revolution, and which
continues to distort investment decision-making °. The competitive ranking of the new alternatives
will only emerge gradually, hence the need to accelerate the overall innovation process but avoid
picking winners.

Particular emphasis must be placed on demand management to reduce demand through a
combination of efficiency improvement and conservation, inter alia using smart grids and distributed
energy systems

A critical factor is the “Energy Return on Energy Invested”(EROEI); how many energy units are
produced for the energy invested in producing it. Historically, from an energy production
perspective, this ratio has been 100:1 or more for large onshore oilfields; it is now declining below

5:1 in many new offshore oil provinces and tar sands operations, and may fall below |:1 when the true
environmental impact is internalized. There is little point in continuing operations when EROEI ratios
fall much below 3:1 8 8' &,
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The alternatives encompass:
- demand reduction via efficiency & conservation
- hydro
- wind
- solar PV
- concentrating solar thermal
- passive solar
- geothermal
- wave
- tidal
- new generation nuclear
- biomass
- biofuels (albeit these may be excluded on low EROEI grounds)
- the unknown unknowns ?

Each alternative currently contributes a minor amount to global supply relative to fossil fuels, albeit
some are growing rapidly. With the exception of nuclear, they also have far greater spatial
requirements and lower power densities than fossil fuels, raising issues of potentially conflicting land
use and declining EROEI. The latter has major implications for economic growth, as less energy
becomes available to society relative to the amount required to access it. To be effective, these
sources also require major innovation in for example carrier mechanisms (eg electricity or
hydrogen?), storage and transmission. Whether other forms of cheap energy will emerge, or energy
will remain expensive, is unclear, but there is little doubt that energy prices in the medium term will
be volatile as the new order unfolds.

History has demonstrated that major innovations in the energy arena can take at least 30 years to
reach “materiality”, based on conventional commercialization processes . This only serves to
underline the enormity of the transition ahead.

Nuclear warrants special mention, as any renaissance of the nuclear industry engenders strong
emotion, both for and against, in the light of historical accidents such as Chernobyl and Three Mile
Island, along with the risk of nuclear weapons proliferation. Those concerns have been amplified by
the accident at the Fukushima nuclear plant in Japan in March 201 I, resulting from the major
earthquake and tsunami.

Investment in nuclear energy has stagnated for many years, albeit 66 new nuclear plants are now
under construction worldwide, particularly in China and elsewhere in the developing world, primarily
government-funded . It is too soon to judge the impact the Fukushima accident will have on these
and other future nuclear programmes, given that Fukushima was old technology, and that the full
extent of the accident remains unclear. But undoubtedly it will result in a major review of safety
standards and procedures at the very least.

Newer nuclear technologies, such as Generation lll (advanced) & IV reactors, promise greater safety
and less proliferation risk than existing plants, including possibly the ability to use up existing nuclear
waste. However these technologies are still in the embryonic stage and far from commercial
application.

Nonetheless, given the enormous scale of the climate and energy challenge ahead, it would be most
unwise to exclude nuclear options from the possible solutions. Therefore nuclear should be
considered, provided the full life-cycle and environmental costs and risks are taken into account.

What is rarely acknowledged is that decisions made today about energy systems, urban design,
housing and infrastructure generally, lock in patterns of consumption and emissions which last for
decades to come, which is why those decisions must be taken with a clear understanding of their long
term implications, and not based on short-term political expediency. It is why the concept of “carbon
ready” power stations makes no sense in a world probably already in the climate danger zone.
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An Emergency Response is Essential

Governments and corporations globally, including major players in the fossil-fuel industries,
acknowledge that climate change is a serious issue requiring urgent action. In making that
acknowledgment, it is reasonable to assume that these key players have studied and understood the
science. They will be aware that every major Academy of Science and credible scientific organization
around the world urges far more extensive and rapid action than currently contemplated officially.
“Knowledge is responsibility” and the continued procrastination of global leaders, refusal to accept
the risks, and obstruction of realistic climate policy is a fundamental breach of their fiduciary
responsibilities to the global community. Yet it has to be assumed that those leaders, in the final
analysis, do wish to avoid catastrophic outcomes.

On that basis, it is clear on the balance of probabilities, that we have little time to take serious action
to reduce carbon emissions if catastrophic climate change, in excess of a 4°C temperature rise, is to
be avoided.

It is also clear that serious action to transform energy systems will not be achieved using the
incremental change to “business-as-usual”’ approach which has typified the corporate response to
date, or if process-driven UNFCCC and national government initiatives are allowed to continue at
their current pace.

The extent of change is enormous. The technical solutions, whilst complex, are within our grasp; the
major risk is a failure of leadership to implement them in time to be effective. In reality, given the time
frame within which substantial change has to be achieved, say the next two decades, and the time
wasted over the last two decades, there is no alternative but to mount an emergency response, akin
to placing economies on a war-footing where rapid, fundamental re-direction of economic activity is
mandated. In essence this is the direction in which China may be heading. Alternatively it can be
viewed as an industrial revolution, as proposed in Germany.

Whatever the branding adopted, the change must be rapid and effective, ideally coordinated globally.
It is unlikely that this can be achieved with the current adversarial politics in many developed
countries, which may require issues relating to the global “common good”, such as climate change and
resource depletion, to be set outside conventional politics. ldealistic possibly, but that is the reality of
climate change risk. A pre-requisite is honesty about the challenge we face. If this is not
forthcoming, it is impossible to implement realistic solutions.

Continuation of business—as-usual in the energy arena is not a realistic option. But the energy
transformation now required presents enormous opportunity to overcome current financial
instability. The investment stimulus it implies holds the promise of setting the world on a genuinely
sustainable development path.
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