End of the “Oilocene”
The Demise of the Global Oil Industry and of the Global Economic System as we know it.
(Please refer to my presentation for supporting images and comments)
In 1981 I was sitting on an eroded barren hillside in India, where less than 100 years previously there had been
dense forest with tigers. It was now effectively a desert and I was watching villagers scavenging for twigs for
fuelwood and pondering their future, thinking about rapidly increasing human population and equally rapid
degradation of the global environment. I had recently devoured a copy of “The Limits to Growth (LTG)”
published in 1972, and here it was playing out in front of me. Their Business as Usual (BAU) scenario showed
that global economic growth would be over between 2010 -2020; and today 45 years later, that prediction is
inexorably becoming true. Since 2008 any semblance of growth has been fuelled by astronomically greater
quantities of debt; and all other indicators of overshoot are flashing red.

One of the main factors limiting growth was regarded by the authors of LTG as energy; specifically oil. By mid
1970’s surprisingly, enough was known about accessible oil reserves that not a huge amount has since been
added to what is known as reserves of conventional oil. Conventional oil is (or was) the high quality, high net
energy, low water content, easy to get stuff. Its multi-decade increasing rate in production came to an end
around 2005 (as predicted many years earlier by Campbell and Laherre in 1998). The rate of production
peaked in 2011 and has since been in decline (IEA 2016).

The International Energy Agency (IEA) is the pre-eminent global forecaster of oil production and demand.
Recently it admitted that its oil production forecasts were based on economic projections rather than geology
or cost; ie on the assumption that supply will always meet projected demand.
In its latest annual forecast however (New Policies Scenario 2016) the IEA has also admitted for the first time a
future in which total global “all liquids” oil production could start to fall within the next few years.

As Kjell Aklett of Upsala University Global Energy Research Group comments (06-12-16), “In figure 3.16 the IEA
shows for the first time what will happen if its unrealistic wishful thinking does not become reality during the
next 10 years. Peak Oil will occur even if oil from fracked tight sources, oil sands, and other (unconventional)
sources are included”
In fact - this IEA image clearly shows that the total global rate of production of “all hydrocarbon liquids” could
start falling anytime from now on; and this should in itself raise a huge red flag for the Irish Government.
Furthermore, it raises a number of vital questions which are the core subject of this post.
Reserves of conventional “easy” oil have mostly been used up. How likely is it that remaining reserves will be
produced at the rate projected? Rapidly diminishing reserves of conventional oil are now increasingly being
supplemented by the difficult stuff that Kjell Aklett mentions; including conventional from deep water, polar
and other inaccessible regions, very heavy bituminous and high sulphur oil; natural gas liquids and other xtl’s,
plus other “unconventional oil” including tar sands and shale oil.
How much will it cost to produce all these various types? How much energy will be required, and crucially how
much energy will be left over for use by the economy?
The global industrial economy runs on oil.
Oil is the vital and crucial link in virtually every production chain in the global industrial world economy partly
because it supplies over 96% of global transport energy – with no significant non-oil dependent alternative in
sight.

Our industrial food production system uses over 10 calories of oil energy to plough, plant, fertilise, harvest,
transport, refine, package, store/refrigerate, and deliver 1 calorie of food to the consumer; and imagine trying
to build infrastructure; roads, schools, hospitals, industrial facilities, cities, railways, airports without oil, let
alone maintain them.
Surprisingly perhaps, oil is also crucial to production of all other forms of energy including renewables. We
cannot mine and distribute coal or even drill for gas and install pipelines and gas distribution networks without
lots of oil; and you certainly cannot make a nuclear power station or build a hydroelectric dam without oil. But
even solar panels, wind and biomass energy are also totally dependent on oil to extract and produce the raw
materials; oil is directly or indirectly used in their manufacture (steel, glass, copper, fibreglass/GRP, concrete)
and finally to distribute the product to the end user, and install and maintain it.
So it’s not surprising that excluding hydro and nuclear (which mostly require phenomenal amounts of oil to
implement), renewables still only constitute about 3% of world energy (BP Energy Outlook 2016). This figure
speaks entirely for itself. I am a renewable energy consultant and promoter, but I am also a realist; in practice
the world runs on oil.

The economy, Global GDP and oil are therefore mutually dependent and have enjoyed a tightly linked dance
over the decades as shown in the following images. Note the connection between oil, total energy, oil price
and GDP (clues for later).

Rising cost of oil production
Since 2005 when the rate of production of conventional oil slowed and peaked, production costs have been
rising more rapidly. By 2013, oil industry costs were approaching the level of the global oil price which was
more than $100/barrel at that time; and industry insiders were saying that the oil industry was finding it
difficult to break even.

A good example of the time was the following article which is worth quoting in full in the light of the price of
oil at the time (~$100/bbl), and the average 2016 sustained low oil price of ~$50/bbl.
Oil and gas company debt soars to danger levels to cover shortfall in cash
By Ambrose Evans-Pritchard. Telegraph. 11 Aug 2014
“The world’s leading oil and gas companies are taking on debt and selling assets on an unprecedented scale to
cover a shortfall in cash, calling into question the long-term viability of large parts of the industry. The US
Energy Information Administration (EIA) said a review of 127 companies across the globe found that they had
increased net debt by $106bn in the year to March, in order to cover the surging costs of machinery and
exploration, while still paying generous dividends at the same time. They also sold off a net $73bn of assets.
The EIA said revenues from oil and gas sales have reached a plateau since 2011, stagnating at $568bn over the
last year as oil hovers near $100 a barrel. Yet costs have continued to rise relentlessly. Companies have
exhausted the low-hanging fruit and are being forced to explore fields in ever more difficult regions.

The EIA said the shortfall between cash earnings from operations and expenditure -- mostly CAPEX and
dividends -- has widened from $18bn in 2010 to $110bn during the past three years. Companies appear to have
been borrowing heavily both to keep dividends steady and to buy back their own shares, spending an average
of $39bn on repurchases since 2011”.
In another article (my highlights) he quoted
“The major companies are struggling to find viable reserves, forcing them to take on ever more leverage to
explore in marginal basins, often gambling that much higher prices in the future will come to the rescue. Global
output of conventional oil peaked in 2005 despite huge investment. The cumulative blitz on exploration and
production over the past six years has been $5.4 trillion, yet little has come of it. Not a single large project has
come on stream at a break-even cost below $80 a barrel for almost three years.
Steven Kopits from Douglas-Westwood said the productivity of new capital spending has fallen by a factor of
five since 2000. “The vast majority of public oil and gas companies require oil prices of over $100 to achieve
positive free cash flow under current capex and dividend programmes. Nearly half of the industry needs more
than $120,” he said”.
The following images give a good idea of the trend and breakdown in costs of oil production. Getting it out of
the ground is just for starters. The images show just how expensive it is becoming to produce – and how far
from breakeven the current oil price is.

It is important to note that the “breakeven cost” is much less than the oil price required to sustain the industry
into the future (business as usual).
The following images show that the many different types of oil have (obviously) vastly different production
costs. Note the relatively small proportion of conventional reserves (much of it already used), and the
substantially higher production cost of all other types of oil. Note also the apt title and date of the Deutsche
Bank analysis - production costs have risen substantially since then.

The global oil industry is in deep trouble
You do not need to be an economist to see that the average 2016 price of oil ~ $50/bbl was substantially
lower than just the breakeven price of all but a small proportion of global oil reserves. Even before the oil price
collapse of 2014-5, the global oil industry was in deep trouble. Debts are rising quickly, and balance sheets are
increasingly RED. Earlier this year 2016, Deloitte warned that 35% of oil majors were in danger of bankruptcy,
with another 30% to follow in 2017.

In addition to the oil majors, shrinking oil revenues in oil-producing countries are playing havoc with national
economies. Virtually every oil producing country in the world requires a much higher oil price to balance its
budget - some of them vastly so (eg Venezuela). Their economies have been designed around oil, which for
many of them is their largest source of income. Even Saudi Arabia, the biggest global oil producer with the
biggest conventional oil reserves is quickly using up its sovereign wealth fund.

It appears that not a single significant oil-producing country is balancing its budget. Their debts and deficits
grow bigger by the day. Everyone is praying for higher oil prices. Who are they kidding? The average BAU oil
price going forward for business as usual for the whole global oil industry probably needs to be well over
$100/bbl; and the world economy is on its knees even at the present low oil price. Why is this? The indicators
all spell huge trouble ahead. Could there be another fundamental oil/energy/financial mechanism operating
here?

The Root Cause
The cause is not surprising. All the various new types of oil and a good deal of the conventional stuff that
remains require far more energy to produce.
In 2015, The Hills Group (US Oil Engineers) published “Depletion – A Determination of the Worlds Petroleum
Reserve” www.thehillsgroup.org/petrohgv2.pdf . It is meticulously researched and re-worked with trends
double checked against published data. It follows on from the Hills Group 2013 work www.hillsgroup.org that
accurately predicted the approaching oil price collapse after 2014 (which no-one else did) and calculated that
the average oil price of 2016 would be ~$50/bbl. They claim theirs is the most accurate oil price indicator ever
produced, with >96% accuracy with published past data. The Hills Group work has somewhat clarified my
understanding of the core issues and I will try to summarise two crucial points as follows.
Oil can only be useful as an energy source if the energy contained in the product (ie transport fuel) is greater
than the energy required to extract, refine and deliver the fuel to the end user.
If you electrolyse water, the hydrogen gas produced (when mixed with air and ignited), will explode with a
bang (be careful doing this at home!). The hydrogen contained in the world’s water is an enormous potential
energy source and contains infinitely more energy (as hydrogen) than humans could ever need. The problem is
that it takes far more energy to produce a given amount of hydrogen from water than is available by
combusting it. Oil is rapidly going the same way. Only a small proportion of what remains of conventional oil
resources can provide an energy surplus for use as a fuel. All the other types of oil require more energy to
produce and deliver as fuel to the end user (taking into account the whole oil production chain), than is
contained in the fuel itself.
What people do not realise is that it takes oil to extract, refine, produce and deliver oil to the end user. The
Hills Group calculates that in 2012, the average energy required by the oil production chain had risen so much
that it was then equal to the energy contained in the oil delivered to the economy. In other words “In 2012 the
oil industry production chain in total used 50% of all the energy contained in the oil delivered to the consumer”.
This is trending rapidly to reach 100% early in the next decade.
At this point – no matter how much oil is left (a lot) and in whatever form (many), oil will be of no use as an
energy source for transport fuels, since it will on average require more energy to extract, refine and deliver to
the end-user, than the oil itself contains.
Because oil reserves are of decreasing quality and oil is getting more difficult and expensive to produce and
transform into transport fuels; the amount of energy required by the whole oil production chain (the global oil
industry) is rapidly increasing; leaving less and less left over for the rest of the economy.
In this context and relative to the IEA graph shown earlier, there is a big difference between annual gross oil
production, and the amount of energy left in the product available for work as fuel. Whilst total global oil (all
liquids) production currently appears to be still growing slowly, the energy required by the global oil industry is
growing faster, and the net energy available for work by the end user is decreasing rapidly. This is illustrated by
the following figure (Louis Arnoux 2016).

The price of oil cannot exceed the value of the economic activity generated from the amount of energy
available to end-users per barrel.
The rapid decline in oil-energy available to the economy is one of the key reasons for the equally rapid rise in
global debt.
The global industrial world economy depends on oil as its prime energy source. Increasing growth of the world
economy during the oil age has been exactly matched by oil production and use, but as Louis’ image shows,
over the last forty years the amount of net energy delivered by the oil industry to the economy has been
decreasing.
As a result, the economic value of a barrel of oil is falling fast. “In 1975 one dollar could have bought, on
average, 42,348 BTU; by 2010 a dollar would only have bought 6,946 BTU” (The Hills Group 2015).

This has caused a parallel reduction in real economic activity. I say “real” because today the financial world
accounts for about 40% of global GDP, and I would like to remind economists and bankers that you cannot eat
0000’s on a computer screen, or use them to put food on the table, heat your house, or make something
useful. GDP as an indicator of the global economy is an illusion. If you deduct financial services and account for
debt, the real world economy is contracting fast.
To compensate, and continue the fallacy of endless economic growth, we have simply borrowed and
borrowed, and borrowed. Huge amounts of additional debt are now required to sustain the “Growth Illusion”.

In 2012 the decreasing ability of oil to power the economy intersected with the increasing cost of oil
production at a point The Hills Group refers to as the maximum affordable consumer price (just over $100/bbl)
and they calculated that the price of oil must fall soon afterwards. In 2014 much to everyone’s surprise (IEA,
EIA, World Bank, Wall St Oil futures etc) the price of oil fell to where it is now. This is clearly illustrated by The
Hills Group petroleum price curve of 2013 which correctly calculated that the 2016 average price of oil would
be ~$50/bbl (Depletion – The Fate of the Oil Age 2013).

In their detailed 2015 study The Hills Group writes (Depletion – A determination of the world’s petroleum
reserve 2015);
“To determine the affordability range it is first observed that the price of a unit of petroleum cannot exceed the
value of the economic activity (generated by the net energy) it supplies to the end consumer. (Since 2012) more
of the energy from petroleum was being committed to the production of petroleum than was delivered to the
consumer. This precipitated the 2014 price decline that reduced prices by 50%. The energy delivered to the end
consumer will continue to decline and the end consumer maximum affordability will decline with it.

Dr Louis Arnoux, explains this as follows “In 1900 the Global Industrial World received 61% of the gross energy
in a barrel of oil. In 2016 this is down to 7%. The global industrial world is being forced to contract because it is
being starved of net energy from oil” (Louis Arnoux 2016).
This is reflected in the slowing down of global economic growth and the huge increase in total global debt.
Without noticing it, in 2012 the world entered “Emergency Red Alert”
In the following image, Dr Arnoux has reworked Hills Group petroleum price curve showing the impending
collapse of thermodynamically driven oil prices – and the end of the oil age as we know it. This analysis is more
than amply reinforced by the dire financial straits of the global oil industry, and the parlous state of the global
economy and financial system.

Oil is a finite resource which is subject to the same physical laws as many other commodities. The debate
about peak oil has been clouded by the fact that oil consists of many different kinds of hydrocarbons; each of
which has its own extraction profile. But conventional oil is the only category of oil that can be extracted with a
whole production chain energy surplus. Production of this commodity (conventional oil) has undoubtedly
peaked and is now declining. The amount of energy (and cost) required by the global oil industry to produce
and deliver much of the remainder of conventional reserves and the many alternative categories of oil to the
consumer, is rapidly increasing; and we are equally rapidly heading toward the day when we have used up
those reserves of oil which will deliver an energy surplus (taking into account the whole production chain from
extraction to delivery of the end product as fuel to the consumer).
The Global Oil Industry is one of the most advanced and efficient in the world and further efficiency gains will
be minor compared to the scale of the problem, which is essentially one of oil depletion thermodynamics.
Humans are very good at propping up the unsustainable and this often results in a fast and unexpected
collapse (eg Joseph Tainter: “The collapse of complex societies”). An example of this is the Seneca Curve/Cliff
which appears to me to be an often-repeated defining trait of humanity. Our oil/financial system is a perfect
illustration.
Debt is being used to extend the unsustainable and it looks as though we are headed for the “Mother of all
Seneca Curves” which I have illustrated below;

Because oil is the primary energy resource upon which all other energy sources depend, it is almost certain
that a contraction in oil production would be reflected in a parallel reduction in other energy systems; as
illustrated rather dramatically in this image by Gail Tverberg (the timing is slightly premature – but probably
not by much).

Energy and Money
Fundamental to all energy and economic systems is money. Debt is being used to prop up a contracting oil
energy system, and the scale of money created as debt over the last few decades to compensate is truly
phenomenal; amounting to hundreds of trillions (excluding “extra-terrestrial” amounts of “financials”), rising
exponentially faster. This amount of debt, can never ever be repaid. The on-going contraction of the oil/energy
system will exacerbate this trend until the financial system collapses. There is nothing anyone can do about it
no matter how much money is printed, NIRP, ZIRP you name it - all the indicators are flashing red. The panacea
of indefinite money printing will soon hit the thermodynamic energy wall of reality.

The effects we currently observe such as exponential growth in debt (US Debt alone almost doubled from $10
trillion to nearly $20 trillion during Obama’s tenure), and the financial problems of oil majors and oil producing
countries, are clear indicators of the imminent contraction in existing global energy and financial systems.

.
The coming failure of the global economic system will be a systemic failure. I say “systemic” because for the
last 150 years up till now there has always been cheap and abundant oil to power recovery from previous
busts. This era is over. Cheap and abundant oil will not be available for recovery from the next crunch, and the
world will need to adopt a completely different economic and financial model.

The Economics “profession”
Economists would have us believe it’s just another turn of the credit cycle. This dismal non-science is in the
main the lapdog of the establishment, the global financial and corporate interests. They have engineered the
“science” to support the myth of perpetual growth to suit the needs of their pay-masters, the financial
institutions, corporations and governments (who pay their salaries, fund the universities and research, etc).
They have steadfastly ignored all ecological and resource issues and trends and warnings such as LTG, and
portrayed themselves as the pre-eminent arbiters of human enterprise. By vehemently supporting the status
quo, they of all groups, I hold primarily responsible for the appalling situation the planet faces; the destruction
of the natural world, (http://awsassets.panda.org/downloads/lpr_living_planet_report_2016.pdf) and many
other threats to the global environment and its ability to sustain civilisation as we know it.
I have news for the “Economics Profession”. The perpetual growth fantasy financial system based on unlimited
cheap energy is now coming to an end. From the planet’s point of view – it simply couldn’t be soon enough.
This will mark the end of what I call the “Oilocene”. Human activities are having such an effect on the planet
that the present age has been classified by geologists as a new geological era “The Anthropocene”. But
although humans had already made a significant impact on natural systems, the Anthropocene has largely
been defined by the relatively recent discovery and use of liquid fossil energy reserves amounting to millions
of years of stored solar energy. Unlimited cheap oil has fuelled exponential growth in human systems to the
point that many of these are now greater than natural planetary ones (http://www.anthropocene.info/greatacceleration.php).
This cannot be sustained without huge amounts of cheap net oil energy, so we are inescapably headed for
“the great deceleration”. The situation is very like the fate of the Titanic which I have outlined in my
presentation. Of the few who had the courage to face the economic wind of perpetual growth, I salute the
authors of LTG and the memory of Richard Douthwaite (The Growth Illusion 1992), and all at FEASTA who are
working hard to warn a deaf Ireland of what is to come and why – and have very sensibly been preparing for it!
We will all need a lot of courage and resilience to face what is coming down the line.
Ireland has a very short time available to prepare for hard times.
There are many things we could do here to soften the impact if the problem was understood for what it is.
FEASTA publications such as the “Before The Wells Run Dry” and “Fleeing Vesuvius”
(http://www.feasta.org/category/documents/books/); and David Korowicz works such as The Tipping Point
(www.davidkorowicz.com) and of course, The Hills Group 2015 publication “Depletion – a determination of the
worlds petroleum reserve” (http://www.thehillsgroup.org/petrohgv2.pdf), and very many other references,
provide background material and should be required urgent reading for all policy makers.
The pre-eminent challenge is energy for transport and agriculture. We could switch to use of compressed
natural gas (CNG) as the urgent default transport/motive fuel in the short term since petrol and diesel engines
can be converted to dual-fuel use with CNG; supplemented rapidly by biogas (since we are lucky enough to
have plenty of agricultural land and water compared to many countries).
We could urgently switch to an organic high labour input agriculture concentrating on local self-sufficiency
eliminating chemical inputs such as fertilisers pesticides and herbicides (as Cuba did after the fall of the Soviet
Union). We could outlaw the use of oil for heating and switch to biomass.
We could penalise high electricity use and aim to massively cut consumption so that electricity can be supplied
by completely renewable means – preserving our natural gas for transport fuel and the rapid transition from
oil. The Grid could be urgently reconfigured to enable 100% use of renewable electricity within a few years.
We could concentrate on local production of food, goods and services to reduce transport needs.
These measures would create a lot of jobs and improve the balance of payments. They have already been
proposed in one form or another by FEASTA over the last 15 years.

Ireland has made a start, but it is insignificant compared to the scale and timescale of the challenge ahead as
illustrated by the next image (SEAI: Energy in Ireland – Key Statistics 2015). We urgently need to shrink the oil
portion to a small fraction of current use.

Current fossil energy use is very wasteful. By reducing waste and increasing efficiency we can use less. For
instance, a large amount of the energy used as transport fuels and for electricity generation is lost to
atmosphere as waste heat. New technological solutions include a global initiative to mount an affordable
emergency response called nGeni that is solely based on well-known and proven technology components,
integrated in a novel way, with a business and financial model enabling it to tap into over €5 trillion/year of
funds currently wasted globally as waste heat. This has potential for Ireland, and will be outlined in a
subsequent post.
To finance all the changes we need to implement, quickly (and hopefully before the full impact of the
oil/financial catastrophe really kicks in), we could for instance create something like a massive multibillion
“National Sustainability and Renewable Energy Bond”. Virtually all renewables provide a better (often
substantially better) return on investment compared to bank savings, government bonds, etc; especially in the
age of zero and negative interest rate policies ZIRP, NIRP etc.
We may need to think about managing this during a contraction in the economy and financial system which
could occur at any time. We certainly could do with a new clever breed of “Ecological Economists” to plan for
the end of the old system and its replacement by a sustainable new one. There is no shortage of ideas. The
disappearance of trillions of fake money and the shrinking of national and local tax income which currently
funds the existing system and its social programmes will be a huge challenge to social stability in Ireland and all
over the world.
It’s now “Emergency Red Alert”. If we delay, we won’t have the energy or the money to implement even a
portion of what is required. We need to drag our politicians and policy makers kicking and screaming to the
table, to make them understand the dire nature of the predicament and challenge them to open their eyes to
the increasingly obvious, and to take action. We can thank The Hills Group for elucidating so clearly the root
causes of the problem, but the indicators of systemic collapse have for many years been frantically jumping up
and down, waving at us and shouting LOOK AT ME! Meanwhile the majority of blinkered clueless economists
that advise business and government and who plan our future, look the other way.
In 1972 “The Limits to Growth” warned of the consequences of growing reliance on the finite resource called
“oil” and of the suicidal economics mantra of endless growth. The challenge Ireland will soon face is managing
a fast economic and energy contraction and implementing sustainability on a massive scale whilst maintaining
social cohesion. Whatever the outcome (managed or chaotic contraction), we will soon all have to live with a
lot less energy and physical resources. That in itself might not necessarily be such a bad thing provided the
burden is shared. “Modern citizens today use more energy and physical resources in a month than our greatgrandparents used during their whole lifetime” (John Thackera; “ From Oil Age to Soil Age” Doors to
Perception; Dec 2016). Were they less happy than us?

