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 The rise of fossil fuels transformed the world economy… 

 …and their demise will lead to another transformation… 

 …but only if we see a major infrastructure shift 

Energy evolutions 

Energy transformations depend on major advances in both technology and 

infrastructure. The possibility of ‘steam power’ was recognised in Roman Egypt but 

the steam engine only came into its own with the Industrial Revolution.  Battery-

powered cars were developed at the end of the 19th Century but the electric motor is 

only now becoming a viable alternative to the internal combustion engine. 

The fossil fuel transformation 

While energy evolutions can be slow-moving, they can nevertheless trigger 

revolutions in human organisation: without fossil fuels, cities would be much smaller, 

international trade much lower and people much poorer.  Fossil fuels – effectively the 

energy stored from the sun’s rays since the Carboniferous period – have transformed 

living standards over the past 200 years.  The Malthusian constraints that had 

condemned the vast majority of our ancestors to grinding poverty were finally lifted. 

From the natural battery to the man-made alternative 

Fossil fuels, however, are dirty. Further technological advance and political pressure 

in response to climate change are triggering another energy evolution.  We won’t 

wean ourselves off fossil fuels entirely but there are likely to be big changes in 

electricity production and transportation.  In effect, the Earth’s fossil fuel ‘battery’ is 

being replaced by man-made batteries fuelled by renewables. 

The infrastructure revolution 

To succeed, however, there needs to be a major shift in energy infrastructure.  The 

current electricity grid is simply not designed to cope with, for example, a world of 

driverless electric vehicles.  Providing the economic incentive to add to capacity – or 

even to go ‘off grid’ – is, however, likely to prove a major challenge given financial 

losses associated with previous ‘capacity’ investments outside the energy realm. 

Losing out 

Meanwhile, although some of the world’s diversified net energy-consuming nations 

stand to benefit significantly from the current energy transformation, the same cannot 

be said for some of the net energy producers.  Not all nations, however, find 

themselves in the same bucket.  Notably, those with large sovereign wealth funds, 

low debts and the ability to diversify stand to do much better than others.  
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Revolution and evolution1 

It is often tempting to speak of energy ‘revolutions’ in which new fuel sources and novel 

technologies combine to upset existing patterns of supply and demand.  Societies, however, do 

not undergo overnight transformations.  The Chinese first used coal for the production of iron 

during the Han Dynasty (BC206 to AD220).  Belgium first made use of coal in 1113.  In the 16th 

and 17th Centuries, English homes were forced to make the transition from (relatively clean) 

wood and charcoal to (dirty) coal and (cleaner) coke for the purposes of heating and cooking 

thanks to the depletion of woodlands surrounding expanding urban areas.  Napoleonic France 

may have conquered much of Europe but it did so fuelled largely by wood, not coal.  By the mid-

19th Century, when Northern Europe’s Industrial Revolution was supposedly in full swing, 

France still derived around three-quarters of its energy needs from wood.  China’s dependence 

on biomass fuels continued long into the 20th Century: only in 1965 did biomass first provide 

less than half of China’s overall fuel needs.2 

Changes in energy usage tend to be more evolution than revolution.  There are good reasons 

for this.  Typically, a shift in energy usage requires (i) the initial invention of a new technology; 

(ii) considerable advances in that technology to make it commercially relevant; and (iii) the 

construction of a completely different infrastructure – a new energy network − to make use of 

the new technology.  That new infrastructure, in turn, is only likely to be constructed if economic 

incentives are appropriately aligned. 

Steam provides a good example.  The idea that steam power could somehow be harnessed 

was recognised in Roman Egypt two thousand years ago.  But it was only during the 18th 

Century that the first significant advances were made, following Thomas Savery’s patented 

engine – which offered a solitary horsepower − at the tail end of the 17th Century.  Thomas 

Newcomen’s 1712 engine delivered 5 horsepower.  James Watt’s 1781 high pressure rotary 

device doubled that.  Watt’s machines were gargantuan and immobile, designed to be used 

primarily in mines and factories (or “dark satanic mills”). By the end of the 18th Century, 

however, Richard Trevithick had worked out how to build smaller, more portable, engines.  

These presaged the railway age. 

Let the train take the strain 

At first, steam engines did the same kind of work as existing water mills, and typically they were 

used in similar locations: specifically, they could pump water out of mines that, otherwise, might 

have flooded.  Steam, however, had two obvious advantages compared with reliance on 

running water.  First, steam engines could be located far away from rivers and streams, implying 

that many previously-uneconomic coal seams could now be exploited.  Second, once 

Trevithick’s efforts had led to the invention of the first locomotive, suddenly the coal that had 

originally been extracted for the purposes of heating and, latterly, fuelling factory machinery 

could now also be used for the purposes of transportation.  

Even then, however, the railway ‘revolution’ – as it is often described − was much more an 

evolution.  Trevithick’s own locomotives were cumbersome in the extreme, could travel only 

short distances and were too heavy for the cast iron rails on which they ran.  It wasn’t until the 

1820s that the first commercial railway – the Stockton and Darlington Railway – opened and 

George Stephenson’s Rocket won the Rainhill trials travelling at a breath-taking 28mph.  

______________________________________ 
1 The author is grateful for the enormous amount of help via conversations, comments and criticism from the following: Gordon Gray, 

Ashim Paun, Sean McLoughlin, Stephen Howard, Verity Mitchell, Murat Ulgen, Janet Henry, Zoe Knight, Helena Nathan-King and 

Francis Sullivan  

2 Source: Smil, V., Energy and Civilization: A History, MIT Press, Cambridge, MA, 2017 
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Thereafter, however, the railway industry boomed (more so for its customers than for its 

shareholders).  In 1830, the UK had just over 30 miles of track.  By the end of the 19th Century, 

this had expanded to 20,000 miles. 

Electricity and the internal combustion engine 

Steam, however, proved vulnerable to two new innovations: the internal combustion engine 

(which suffered from much less in the way of energy loss for every horsepower generated and, 

thus, was much more portable) and the harnessing (and distribution) of electricity.  Both 

emerged towards the end of the 19th Century and, in effect, helped create what might be 

regarded as the ‘modern world’.  The principles established back then still provide the 

foundations for economic activity today.  Those principles, in turn, marked a gradual shift away 

from coal as a primary energy source towards oil and gas.  In 1900, oil and other hydrocarbons 

accounted for only 3% of fossil fuel consumption but, by the peak in 1972, that figure had risen 

to 46%.  Natural gas, meanwhile, went from 1% to 25% over the 20th Century as a whole3. 

At times, the internal combustion engine and electricity worked in tandem: mass car production 

was made easier by the electric light bulbs that made night shifts possible: and, thanks to 

electric light, cars could be driven at night as a well as during daytime.  Yet the process of 

adjustment was slow:   

 In the US at least, long distance driving only really became a reality following the 

construction of the Interstate Highway System, authorised under the Eisenhower 

Administration in 1956 (half a century after cars had become ubiquitous on the streets of 

Manhattan) and only officially completed in 1992.  Put another way, before the 1950s, most 

cars were used for only very short journeys within urban areas. 

 Knowing that, theoretically, oil was available was one thing: finding, refining and 

transporting oil was another matter altogether.   

 Gas, meanwhile, could only be transported cheaply through extensive pipelines that often 

had to traverse incredibly inhospitable terrain, both physically and politically.   

 Meanwhile, although Thomas Edison had a remarkable vision of how a world run on 

electricity would operate, turning that vision into reality was not exactly easy: central 

generators fuelled by coal, oil or gas had to be linked to factories and households up and 

down the country, requiring massive investment in power stations, cabling (of varying 

voltages) and transformers.  A mechanism had to be found to ensure people would pay, 

ideally in a way directly associated with their electricity consumption and at a tariff that 

would also help power utilities cover their fixed costs. 

The fossil fuel ‘battery’ 

In addition to an energy network’s existence, there’s also the issue of its efficiency (or, put another 

way the amount of useful energy output associated with given energy inputs).  The efficiency with 

which fossil fuels have been used has risen by leaps and bounds over the last 100 years.  The 

overall ‘supply’ of fossil fuels increased 14 times during the 20th Century but the amount of useful 

energy rose by double that amount.  That trend will continue in the 21st Century: electric cars 

today, for example, offer efficiency of anything between 75 and 150 ‘miles per gallon equivalent’ 

compared with 20-30 miles per gallon for typical US internal combustion engine vehicles4.   

______________________________________ 
3 ibid. 

4 Source: US Environmental Protection Agency. On average, European cars are smaller and hence more fuel efficient 
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And the benefits of greater energy productivity have not just led to jet engines, high speed 

trains, efficient vacuum cleaners, central heating and air conditioning.  Agriculture has also been 

transformed thanks to much more powerful machinery (a combine harvester can do the work of 

around 600 horses) and, importantly, the increased use of synthetic fertilizer derived from fossil 

fuel.  Indeed, 40% of food produced worldwide is dependent on such fertilizer.  Put another way, 

our nutrition depends almost as much on past sunlight as it does on present sunlight (one of 

many reasons why, even if we wean ourselves off fossil fuels in areas such as transportation 

and electricity production, fossil fuels will be with us for decades to come). 

Yet for all of this impressive progress, the underlying energy challenge remains as it has been 

throughout human history.  The majority of energy supplies depend on the sun5: in that trivial 

sense, there is no difference between biomass, fossil fuels and solar power.  To satisfy the 

human condition, however, energy has to be harnessed, secured, stored and transported.  That, 

of course, is where the difficulties begin. 

Prior to the exploitation of fossil fuels, energy was mostly harnessed through plants, both 

directly (food, fuel) and indirectly through animals (food again, but also horsepower).  Eating 

animals was (and is) a rich man’s pleasure: the nutrition to be enjoyed from a typical piece of 

beef requires the equivalent of 25 equally nutritious vegetarian meals.  Plants, and their animal 

derivatives, were (and are) not a reliable source of energy: the droughts, floods and plagues of 

the Old Testament offer a realistic description of the extraordinary vulnerability of life all the way 

through to the end of the 18th Century.  Admittedly, as Joseph showed with his dreams of 

seven fat cows and seven lean and ugly cows, there were storage options: meat and fish could 

be salted or smoked, wheat could be dried, milled, turned into flour (using human, animal, wind 

or water power) and then stored (although a good cat might be required to keep a lid on the 

rodent population), and rice could be treated in similar fashion once the laborious work of 

building and flooding terraces had been completed.  Yet this kind of storage would only ‘capture’ 

energy for a short while − in a mightily inefficient process − before the food inevitably rotted.   

Fossil fuels in effect gave access not just to the energy contained within an annual harvest of 

flora and fauna (which can capture only a limited amount of the sun’s rays) but the collected 

energy since the onset of the Carboniferous period around 360 million years ago.  The 

harvesting and storage problems that had so constrained human endeavour – imposing a 

persistent Malthusian constraint – were slowly removed, leading to the energy abundance we 

enjoy today.  Admittedly, the energy contained within these fossil fuels – mostly coal, oil and 

gas – is only finite.  Despite, however, repeated warnings of, for example, peak oil, energy 

supply has continued to increase reflecting a mixture of new technologies (offshore/deepwater, 

nuclear and, latterly, hydraulic fracturing), greater efficiencies (fewer gas guzzlers) and more 

mouths (thanks to rapidly rising living standards in many parts of the emerging world).  In 2015 

fossil fuels accounted for 86% of global energy consumption suggesting that, whatever their 

merits, renewables have, to date, made little headway.   

In effect, fossil fuels act a bit like a giant (but dirty) battery.  They represent millions of years in 

which the sun’s energy has been (unintentionally) harvested and stored. Most of the energy 

transformations seen over the last 200 years have reflected new and better ways of using this 

giant battery.  For the next 100 years, that process will probably continue if only because, 

according to the UN’s ‘medium variant’ projections, the world’s population is likely to rise from 

7.5 billion today to over 11 billion by 2100.  The associated increase in demand for energy will, 

however, make the management of our energy needs even more complicated.  First, given 

climate change, how can we gradually wean ourselves off this remarkable source of stored yet 

dirty energy?  Second, if we cannot, can we at least use this stored energy more efficiently, so 

______________________________________ 
5 The only exceptions are nuclear and geothermal energy.  Wave and wind energy indirectly comes from the sun through the creation of 

areas of high and low atmospheric pressure that, in turn, are driven by changes in air temperature. 
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that given energy outputs require fewer – or, at the very least, cleaner - inputs?  Third, given 

that our thirst for fossil fuels will continue in many areas – notably agriculture, aviation, virgin 

steel-making and (by definition) petrochemicals – what sort of infrastructure revolution will be 

required in the areas where our dependency on fossil fuels really can be reduced (most 

obviously, power generation, heating and many types of transport)?  Fourth, even if Europe, for 

example, weans itself off fossil fuels, will the world as a whole be able to reduce its dependency 

given rapidly rising living standards in the more dynamic emerging economies? 

Energy obsolescence 

One clue from history comes from the way in which previous energy ‘systems’ have become 

obsolete.  There is plentiful evidence of the demise of earlier technologies and energy sources 

and there is no particular reason to think that fossil fuels are somehow immune from this process. 

Before the First World War, for example, the UK was home to over 2 million horses (serving 40 

million people), half of which were employed in agriculture (the rest were variously employed in 

industry, transport and various forms of entertainment, including hunting and racing).  Today, 

the UK horse population is down to around 950,0006 (alongside 60 million people), the majority 

of which are, in an economic sense, not gainfully employed, thanks largely to the mechanisation 

of agriculture and transport.  Moreover, whereas both rural and urban areas had large horse 

populations 100 years ago, the urban population thereafter disappeared as the internal 

combustion engine replaced the horse-drawn carriage.  It was both faster and cleaner: notably, 

the internal combustion engine didn’t leave a trail of manure in its wake.  In London, at least, 

one lasting legacy of equine transportation is the large number of mews streets – around 700 in 

total – in which stables for horses have, in effect, been converted into stables for people.  

A similar story applies to the steam locomotive.  For all the alleged romanticism (and speed) 

associated with the steam age, steam locomotives were remarkably inefficient by modern 

standards, even if their upfront costs were relatively modest compared with, for example, diesel 

turbines: coal was both heavy and dirty, cleaning costs were high, locomotives frequently had to 

be topped up with water, their range was limited compared with diesel and electric alternatives and 

they were challenging to maintain.  Still, it took a long time for steam locomotives to disappear: the 

last such machine – the 92220 Evening Star – appeared on the British rail network in 1960, only to 

be withdrawn from service just five years later.  Thereafter, successive governments couldn’t quite 

work out whether to stick with diesel or, instead, to opt for (initially costly) electrification.  The 

debate continues to this day (and, in the UK’s case, is not helped by reliance on a mid-19th 

Century railway infrastructure which is not conducive to travel at high speed). 

Changing patterns of employment reflect shifting energy usage.  In 1911, 2.3 million people 

were employed in agriculture, fishing and forestry in the UK. A further 1.2 million were employed 

in mining with an additional 6.1 million in manufacturing.  Collectively, these three sectors of the 

economy accounted for over 50% of UK employment.  Today, agriculture and related industries 

now collectively account for 388,000 jobs.  There are only around 61,000 jobs in mining and 

quarrying.  Employment in manufacturing, meanwhile, has dropped to 2.6 million.  Altogether, 

these sectors now account for less than 9% of total employment. 

 

______________________________________ 
6 Source: British Equestrian Trade Association 
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Chart 1: The diminishing share of some kinds of work 

 

Note: Data taken every 10 years when possible, no data from 1939-1947. 

Source: Bank of England 

 

It is not difficult to see why.  Agriculture has been mechanised.  Fewer workers are needed to 

plough the fields.  And those with jobs on the land are much more productive than their forefathers.  

The coal industry has been wiped out, a reflection of cheaper (and cleaner) energy substitutes 

(most obviously oil and gas) and a shift in UK economic activity away from energy-intensive 

manufacturing industry towards energy-lite services (Margaret Thatcher may have accelerated the 

process of decline, but she certainly wasn’t the primary cause of British coal’s demise).  As capital 

has become more mobile, so manufacturing has increasingly been outsourced to parts of the world 

with cheaper labour and hence lower production costs.  The resulting global supply chains have 

been created thanks, in part, to the effects of the energy-related advances of the 20th Century 

(diesel engines to underpin the container shipping revolution, electrical current to support the IT 

revolution, jet engines to propel the expansion of air freight).   

How energy influences where we live 

Urbanisation has also been affected by energy.  In 1801, the population of London was just over 

1 million.  A century later, the population had risen to over 6 million.  On latest estimates, the 

population stands at over 8 million.  The distribution of the population, however, has changed 

radically.  In 1801, almost all London residents lived in what is now known as Inner London.  In 

1901, the Inner London population had risen to 4.7 million.  Today, however, the Inner London 

population is down to just over 3 million.  By contrast, the Outer London population has grown 

enormously, from 1.6 million in 1901 to around 5 million today.  Of the various relevant reasons 

– interwar slum clearance, the destructive impact of the Blitz in 1940 – one eclipses all others.  

Without the London Underground, it would have been simply impossible to transport so many 

workers to and from their jobs on a daily basis.  And the London Underground, in turn, was only 

constructed thanks to the energy advances of the 19th Century (the earliest underground trains 

ran on steam, but it was only with the onset of electrification that the network was able to 

expand rapidly, deeply and cleanly.)  Meanwhile other cities grew both outwards and upwards: 

the skyscrapers of Manhattan and Shanghai would never have been built had it not been for the 

(electrically-powered) elevator. 

City populations have been affected not just by travelling time but also by access to energy 

supplies.  Prior to the fossil fuel revolution, most cities were heavily constrained in size by the 

limited availability of a local fuel source: in 500BC, the world’s biggest city was Babylon, with a 

population of 200,000; in 100BC, Alexandria was the first city with a population of 1 million; and 

in 120AD, Rome chipped in with a population of 1.2 million.  Following Rome’s decline and fall, 
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the next ‘1 million city’ was Kaifeng in China in 1000AD.  It wasn’t until the mid-19th Century, 

however, that cities began to expand much more rapidly thanks in large part to the Industrial 

Revolution.  In 1850, London’s population had risen to 2.3 million, making it by far the world’s 

largest city in its day.  Even that, however, is tiny compared with modern day urban sprawls: 

Tokyo’s urban area population today amounts to over 20 million people while Shanghai’s 

metropolitan area has 34 million7.  

What’s been true within cities is also true both within and across continents.  The mass 

migrations seen in the 19th Century could only happen thanks to the falling costs of 

transportation: the age of steam allied with the invention of the screw propeller – much more 

effective than the earlier ‘paddle steamer’ system – led to a steady and sustained reduction in 

the cost of a ticket to sail across the Atlantic.  And the construction of coast-to-coast railroads in 

turn meant that those on the East Coast of the US could head West in pursuit of their dreams, 

whether they be orange groves, gold or, a little later, the movies.  

Revolution and evolution revisited 

Seen this way, it’s not so much that energy itself has been associated with revolutions but, 

instead, that societies have been through revolutions thanks to energy evolutions.  And that, 

perhaps, is the best way to consider the energy evolutions we’re witnessing at the beginning of 

the 21st Century. 

Take, for example, electric vehicles.  There is nothing new about them.  They competed with the 

internal combustion engine at the end of the 19th Century.  At the time, however, battery 

technology was nothing like it is today implying that, both literally and metaphorically, electric 

vehicles just couldn’t keep up.  The typical London milkman delivered his milk and eggs during 

the second half of the 20th Century using an electric milk float, a vehicle that was typically very 

smooth and quiet but, to the considerable irritation of rush hour drivers, also very slow.  Most 

floats could travel no faster than 15mph and their range was typically no more than 25 miles 

following a 7 hour charge. 

Yet electric vehicles nevertheless have significant advantages over the internal combustion 

engine, at least in theory.  They are much better at converting energy into motion rather than 

heat: electric motors, after all, rely on a magnetic field, not a series of controlled explosions.  

Compared with internal combustion engines – with their petrol, pistons and pumps – electric 

motors have hardly any moving parts: as a result, there’s less to go wrong and servicing 

intervals are much longer.  Electric vehicles offer a lot of low-end torque, implying they don’t 

need the complex transmission mechanisms – in other words, gearboxes – that add both 

complexity and weight to petrol and diesel vehicles. 

Electric cars, however, have one major disadvantage: they are dependent on the ability to 

access and store electricity8.  Unlike an internal combustion engine – which effectively stores 

and burns fossil fuel – an electric car depends on access to an electricity network and the ability 

to convert electrical into chemical energy. 

This is where the problems start.  Even if a Tesla Model S competes with the best that 

Mercedes and BMW have to offer in terms of range and comfort, it cannot easily compete 

regarding access to an energy infrastructure.  It’s worth dwelling on some numbers.  The 

______________________________________ 
7 Source: From Jericho to Tokyo: the world's largest cities through history - mapped, available at 

https://www.theguardian.com/cities/2016/dec/06/world-largest-cities-mapped-through-history-data-viz 

8 Batteries also tend to be heavy for the amount of energy they produce, one reason why there's been less progress with aircraft (and 

trucks).  As the Economist wrote on 2 December 2017, ‘kilo-for-kilo, fossil fuels contain roughly 100 times as much energy as a lithium-

ion battery.’ Even with flight, however, change is coming, thanks in part to experiments with 'hybrid' arrangements. Airbus, Rolls-Royce 

and Siemens are in the process of modifying a BAE146 to see how it will cope with one or more electric rather than jet engines 
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longest range on offer from electric vehicles currently is around 400 miles (Tesla).  That requires 

a battery capacity of around 90 kWh.  A standard domestic battery charger, however, offers a 

mere 3.5 kWh.  Armed with such a device, it would take around 19 hours to charge a long-range 

electric vehicle.  Admittedly, it’s possible to have a 7.5 kWh charger installed at home (many 

governments and car companies offer financial inducements to do so) but that still implies 

roughly a 10 hour charge to go from zero to full capacity.  Going much beyond this, however, is 

tricky: the vast majority of houses – and, importantly, many neighbourhoods – have limited 

distributional capacity.  In the UK, at least, most houses are fitted with a main fuse of 60-80 

amps.  While a 3.5kW charger requires 16 amps, a 50kW charger – good enough to charge a 

long-range vehicle in just over an hour – would require 228 amps, which is never going to 

happen unless the electricity network is entirely upgraded with much higher voltages than are 

available today.  Even then, however, in the absence of a garage, driveway or ground floor 

access, many homes would still have no access to a charging point domestically.  In other 

words, for many would-be electric car owners, there is no easy way in which a car can be 

charged domestically (in the UK, only 57% of households have access to off-street parking). 

Put another way, today’s electric vehicles can be a reality for only a limited number of people: 

given current electricity infrastructure arrangements, it simply isn’t possible for a large number of 

car owners to charge their cars, let alone do so simultaneously given the paucity of public 

charging points and the absence of local grid capacity (in some cases, the local grid would 

simply topple over if more than 3 or 4 cars were recharged simultaneously).  If, therefore, 

countries are to meet their ambitions to ‘go electric’ by 2040 (consistent with the targets set by 

both the UK and France), there will have to be an infrastructure revolution.  Most obviously, 

petrol stations will have to be converted into charging stations, visits to the superstore or the 

cinema will have to be treated as valuable charging opportunities, lampposts will have to offer 

services beyond lighting and, from a dog’s perspective, restroom facilities and local grid 

volumes will have to be considerably upgraded. Meanwhile, batteries and chargers will have to 

offer a lot more capacity than is available today: even using a 350kw charger − too powerful for 

existing batteries but not impossible in a decade’s time – would still require the equivalent of a 

Tesla Model S to be on a garage forecourt for not far short of quarter of an hour. 

These challenges may not be insurmountable but they reflect the simple reality that, to operate 

successfully, electric vehicles have to be tethered for a period of time: the electron flow has to 

be reversed to ensure that the chemical charge in the battery is restored.  The infrastructure has 

to reflect this.  Milk floats depended on precisely this arrangement.  They had only a limited 

range and could travel at only modest speeds.  However, they had guaranteed charging 

facilities at the local milk depot and, given that most deliveries were made in the morning, were 

idle for much of the day, providing plenty of (predictable) time for tethering and charging.   

Technology to the rescue? 

The issue of charging could, however, be hugely simplified thanks to two entirely different, yet 

contiguous, developments: ride hailing apps and driverless vehicles.  For much of the day, most 

people are not driving their cars: instead, the vehicles sit idly in the company car park, the 

garage, the driveway or on the street (in that sense, they’re not dissimilar to milk floats).  Their 

idleness is the price we pay for their convenience: driving ourselves is generally cheaper at the 

margin than being driven, and is also often more pleasant: no nasty air freshener, no 

unpleasant music, and no difficult, annoying or uncomfortable conversations.  Imagine, 

however, a world in which a driverless car can be summoned using an app, in much the same 

way that an Uber driver can be today.  Imagine that the driverless car could be used for many 

more journeys per week than a typical family car is today.  Imagine, too, that the driverless car 

could be charged at a depot during ‘quiet’ hours.  Under those circumstances, the need for 
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individual households to own cars would presumably diminish.  As such, the demand for home 

charging would grow more modestly, imposing less pressure on local electricity grids.  And to 

the extent that driverless cars could be made ‘responsible’ for their own recharging, preferably 

in the middle of the night when electricity usage tends to be low, there could be enormous 

efficiency gains. 

Admittedly, a number of hurdles would have to be overcome before any of this becomes a 

reality.  What would become of car insurance?  Other than for the limited few who wanted to 

drive their own cars and were happy to pay (probably a lot) for the privilege, there would be little 

need for insurance if, as seems likely, driverless cars massively reduce the number of 

accidents. If an Uber is dirty, it’s possible to give the driver a poor rating.  Who, however, is 

responsible in the event that a driverless car is dirty (or, in central London late on Saturday 

night, covered in something far worse) when it arrives to give someone a lift home?  Even if 

driverless cars are likely to be, in aggregate, much safer than those driven by humans, what 

happens in the event that a driverless car avoids killing a drunk pedestrian walking into the road 

only by killing 4 or 5 innocent bystanders: who is ultimately responsible for the ‘decision’ made 

by the car and who, if anyone, pays?  What happens if pedestrians and cyclists misbehave, 

knowing that driverless cars will always stop to prevent an accident?  Will passengers ever get 

home?  Will they be safe if ‘car jackers’ halt cars simply by standing in front of them?  What role 

should government play in ensuring that infrastructure needs are met efficiently?  As with 

railways in the mid-19th Century – when Isambard Kingdom Brunel’s wide-gauge Great 

Western line ultimately lost what became known as the ‘Gauge Wars’ – is there a risk that 

differing charging systems will prove to be mutually incompatible?9 

Winners and losers 

Similar challenges have eventually been overcome during earlier energy evolutions.  It is worth 

recognising, however, that the winners have ultimately tended to be consumers, not 

shareholders.  Those investing in fledgling railway companies in the first half of the 19th Century 

would initially have made a mint but competitive pressures increasingly forced operators to 

provide services based on marginal variable cost.  In other words, the high initial fixed costs 

could not easily be paid for and, as a result, shareholders eventually took losses (indeed, the 

market’s inability to cover fixed costs provides a key justification for public subsidy).  The same 

pattern emerged for airlines in the 20th Century: in the 1960s and 1970s, Pan Am and TWA were 

the only two US fleet operators running scheduled services across the Atlantic.  Immortalised on 

celluloid, the airlines became bywords for glamour in the heyday of the jet age.  Pan Am, 

however, filed for bankruptcy in 1991.  TWA did the same in 1992, 1995 and 2001, when it finally 

departed for good.  Mobile phone operators were the darlings of the stock market in the late 

1990s but, since then, investors have mostly experienced heavy losses: of the European 

operators, only Vodafone has delivered a positive total return since the end of 1999 (Chart 2). 

______________________________________ 
9 Tesla offered other car manufactures access to its network of superfast chargers but, to date, they have refused. 
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Chart 2: Investing in telecoms companies didn’t quite work out 

 

Source: Thomson Reuters Datastream 

 

None of these examples implies that capital markets cannot help raise the money needed to 

fund the necessary investment.  They do, however, suggest that some level of irrational 

exuberance – or public subsidy − may be required before ‘lift-off’ is possible.  An infrastructure 

transition typically requires a huge amount of investment but infrastructure operators are 

typically easy targets for regulators and tax-hungry governments: unlike other forms of capital 

investment, infrastructure networks are typically highly immobile and consumers – voters – are 

unlikely to hold back in their demands for a ‘fair price’. 

Ending fossil fuel dependency 

Creating an electric car network is a major challenge in itself but, while it would help reduce 

levels of air pollution in major cities, it would not, of itself, reduce humanity’s dependence on 

fossil fuels.  After all, electricity has to be generated (even if electric cars are much more 

‘efficient’ in their use of energy than their internal combustion engine-powered brethren) and, 

today, the world’s electricity generating infrastructure still depends primarily on access to fossil 

fuels (nuclear could have contributed a lot more but the Fukushima disaster has made the 

expansion of nuclear capacity a politically toxic process in some countries, notably Germany 

and Japan).  Shifting wholesale towards renewables, however, is not straightforward.  

Infrastructure is again the major hurdle. 

Consider, for example, the amount of sunlight available in the Sahara.  There’s no shortage: 

one estimate suggests that capturing merely 0.3% of the light falling on the Sahara and the 

Middle East would be sufficient to satisfy Europe’s energy needs.  Yet taking advantage of such 

an apparently bountiful supply is not easy.  First, there’s a tricky technology selection problem: 

what’s likely to be the best and most efficient way of harnessing solar power?  For an industry 

experiencing rapid technological progress, the answer in real time is not easy: the cost of 

photovoltaic panels, for example, has tumbled and their efficiency has risen to such a degree 

that solar power harnessed within Europe itself has become more effective, reducing the need 

for risky Saharan outlays.  Premature investment in a technology that might become a lot 

cheaper (or, worse, outdated) could prove to be a very costly mistake (arguably, governments 

have already made this mistake by subsidising supposedly ‘winning’ technologies that have 

quickly become redundant).  Second, there’s an awkward political challenge: should Europe 

plan for an energy future in which its energy needs depend on the political stability of countries 

in North Africa that have, in recent years, been anything but stable?  Third, there’s a connection 

issue: the cabling requirements to send 100GW across the Mediterranean would, in itself, be a 

major issue but much more challenging is the inadequacy of the European electricity grid in its 
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current form: southern Europe, in particular, doesn’t have the grid capacity to channel vast 

quantities of Saharan electricity into northern Europe.  Fourth, there’s a dust problem: the 

Sahara is full of sand that tends to move around rather a lot: there’s no point having a large 

solar farm if it ends up under a sand dune. 

These problems combined to undermine the efforts of Desertec, a largely German-backed 

consortium – launched with considerable fanfare − of large corporate investors who hoped to 

turn sunlight into clean energy and hard euros.  Their timing was unfortunate: pouring money 

into North Africa in 2011 as the Arab Spring threatened to turn into a political and economic 

nightmare was not, in hindsight, the wisest course of action.  The consortium eventually fell 

apart, as did their dreams of a permanent source of clean energy.  Put another way, building a 

new energy infrastructure based on renewables (as opposed to fossil fuels) is not as easy as it 

might initially seem. 

Similar concerns now exist in parts of India where investment in solar power has taken off like a 

rocket, leading to a series of increasingly competitive bids to produce electricity at ever-falling 

prices.  Part of the problem relates to the unpredictable cost of the solar ‘infrastructure’: after 

years in which Chinese-manufactured solar panels have declined in price, suddenly prices are 

beginning to rise again, thanks in part to anti-dumping threats by both India and the US.  This 

process, in turn, threatens to turn what was a boom into a bubble, reducing the chances of 

further capacity expansion in coming years. 

A new energy network 

Nevertheless, given continued pressure from governments and non-state actors to tackle 

climate change, it’s likely that our dependency on fossil fuels will decline long before the fuels 

themselves threaten to run out.  It’s therefore worth thinking about how a world without the 

‘natural storage’ associated with fossil fuels would operate, taking Thomas Edison’s holistic 

approach and applying it to a 21st Century energy network. 

All energy systems today share a common ‘peak load’ problem.  Certain times of the day – and 

the year – are associated with unusual ‘spikes’ in demand.  Half time in football’s World Cup 

Final is associated with a surge in kettle usage worldwide.  5.30pm on a winter weekday in the 

UK typically is the moment of peak energy usage outside of important football matches: lights 

are going on at home while offices and factories are mostly still illuminated.  To avoid blackouts, 

these demand peaks require an electricity infrastructure with capacity that extends well beyond 

average demand: in the UK, for example, peak demand comes in at around 61GW, whereas 

average demand is only 38GW10 .  Of the various ‘sources’ of electricity, only a limited number 

can offer the flexibility to ‘top up’ during peaks.  Nuclear is part of electricity’s ‘base load’ for the 

simple reason that it cannot easily be turned on and off.  Solar and wind are currently too 

unpredictable – at least in the absence of battery storage facilities − to offer ‘top ups’11 .  

Hydroelectricity can be turned on and off (it’s only a matter of opening and closing sluice gates 

and pumping water upstream when supply exceeds demand) but there are too few dams and 

those which are constructed tend to be associated with damaging environmental controversy 

(although not all countries will show the same level of concern).  The same often applies to tidal 

power.  Coal and oil are too dirty.  By a process of elimination, therefore, even as the world’s 

overall dependence on fossil fuels declines, gas will continue to be the dominant ‘peak load’ 

source of energy.  We may end up using fossil fuels more wisely, but their elimination any time 

______________________________________ 
10 National Grid, Our Energy Insights: Electric Vehicles and What the Papers Say, 8 August 2017 

11 The energy produced could in theory be stored in batteries for use at a later time or date but we’re a long way from reaching the 

appropriate capacity 




 

 

 

 

ECONOMICS  ● GLOBAL 

8 January 2018 

12 

soon is unimaginable: if coal was the 19th Century’s dominant fossil fuel and oil was the 20th 

Century’s, gas will probably dominate in the 21st Century. 

Still, it’s likely that, over time, whatever its source, electricity will be ‘stored’ either locally or in 

giant ‘warehouses’: the coal cellars of yore will, in effect, be re-invented as batteries.  Those 

batteries, in turn, will allow energy to be harnessed during ‘cheap’ times and used at other 

times, reducing ‘peak load’ problems that are, for the most part, associated with the lack of 

storage facilities12.  In effect, the electricity inventory will ebb and flow according to supply and 

demand conditions at any point in time. 

This, in turn, may lead to a marked change in industrial structure.  Already, the vertically-integrated 

electricity companies have fallen by the wayside.  Their ‘skill’ was, in effect, their ability to use the 

rule book of central planning to run their operations, from power generation all the way through to 

supply for the typical household or company.  There were good reasons for this: until OPEC’s 

1973 intervention, input costs were mostly entirely predictable; until the advent of computers, there 

was no real possibility of transparent energy trading; and, as natural monopolies often under state 

control, armies of planners were always likely to dominate market forces.13 

All three factors are no longer so obviously relevant.  Combining energy trading with storage 

and smart apps that allow households and companies to store their energy and regulate their 

energy consumption more efficiently (and, hence, cheaply) will lead to even more change, as 

will the shift from fossil fuels (with positive marginal cost) to renewables (with zero marginal 

cost).  It’s important to understand what all this means.  If the marginal cost of renewables is 

effectively zero – once the infrastructure is in place and the batteries are prepped for storage, 

the only things to worry about are the sun, the wind and the waves – then we could enjoy 

seemingly limitless access to energy: there would no additional costs associated with digging 

coal, fracking oil or pumping gas.  That, in turn, implies that the business model for energy 

would increasingly look like another version of broadband internet or the 19th Century 

expansion of railways: the challenge would lie in paying for the upfront fixed costs of capacity, 

not the marginal costs thereafter (particularly if future governments then took the view that the 

fixed costs of investment should be treated as no more than bygones).  Moreover, new entrants 

can easily enter the energy supply and trading market, one reason why Centrica, for example, 

has suffered so much over the last two years. 

For customers, there would be a shift away from metered consumption towards fixed annual 

contracts and much greater investments in batteries, solar roofs and electric heating than in, for 

example, gas boilers or coal fires (although this inevitably will create a major ‘stranded assets’ 

problem: lots of redundant boilers and central heating systems).  Those investments, in turn, 

would create significant problems of profitability for fossil-fuel based electricity suppliers: as their 

traditional customer base declined (with some effectively going ‘off grid’) they would have to 

spread their fixed costs between fewer and fewer bill-payers, suggesting either an increase in 

average bills for remaining customers (which would lead, understandably to howls of anger) or, 

more likely, a sustained squeeze in revenue (and a mothballing of marginal plants which, in 

turn, could create problems during future spikes in energy demand).  As for governments and 

new energy providers, the challenge would lie with building and selling capacity: that, in turn, 

would depend on the relative roles of taxpayers (to the extent that, like the railways, public 

subsidy could be used − indeed, is already being used − to encourage a shift to cleaner 

renewable energy), the attitude of future customers towards new energy contracts and their own 

renewables investments and the ability of infrastructure providers (whether private or public) to 

raise funds within capital markets.  

______________________________________ 
12 It's worth noting that storage problems will be greater the closer a country is to either of the poles: long nights and short days in 

winter are not conducive to charging batteries fully. This, in turn, suggests that Desertec-type ideas have not disappeared altogether. 

13 For a detailed discussion of these issues, see Helm, D., Burn Out: The Endgame for Fossil Fuels, Yale University Press, 2017 
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These developments should be seen in conjunction with the embrace of new technologies.  

Smart meters will become smarter over time.  As homes, offices and factories are rewired for 

the 21st Century, there’s every chance that their electricity consumption will increasingly be 

controlled by ‘electricity tariff’ algorithms and remote apps to maximise the benefits of energy 

stored within localised batteries (including selling surplus energy back to the grid).  Increased 

efficiency, in turn, will also not be such good news for existing electricity suppliers who thrive on 

the volume of energy sold, not the efficiency with which it is used.   

The geopolitics of renewables 

Then there’s a broader geopolitical point.  Table 1 shows the percentage of world energy 

consumption accounted for by the major energy subcomponents in 2015 and 2016.  As 

mentioned earlier, fossil fuels account for around 86% of the total.  Nuclear and hydroelectricity 

account for another 11 or 12%.  Renewables only account for a paltry 3% or so.  To that extent, 

the current excitement about electric cars and battery-powered homes is misplaced.  Without a 

major shift towards renewables, the power we consume will still, ultimately, depend on the 

burning of oil, gas or coal.  Electric cars may have zero emissions – and are much more efficient 

than internal combustion engines in their use of energy − but the power stations that provide the 

electricity currently do not.  Moreover, with only a limited number of charging points and mostly 

slow charging times, electric cars are likely to end up bigger than they necessarily need to be, if 

only to store the batteries that help to remove range anxiety. 

 

Table 1: Worldwide energy consumption by type of fuel 

Fuel 2015 2016 

Oil 33.1 33.3 
Natural Gas 24.0 24.1 
Coal 28.8 28.1 
Nuclear Energy 4.4 4.5 
Hydroelectric 6.7 6.9 
Renewables 2.8 3.2 

Source: BP Statistical Review of World Energy June 2017 

 

Imagine, though, that we do eventually witness a wholesale shift towards renewable sources of 

energy and that demand for fossil fuels – particularly for coal and oil − declines rapidly as a 

result.  It’s then possible to think about winners and losers worldwide. 

One way to do this is to think about the world’s major fossil fuel producers and gauge the extent 

to which their production is surplus to domestic requirements: the greater the surplus, the bigger 

the risk that the country in question is overly dependent on fossil fuel production and too little 

diversified into other areas of economic endeavour.  Table 2 provides the key numbers.  The 

biggest fossil fuel producers worldwide are China (mostly coal) and the US (a mixture of oil, gas 

and coal) yet both of them consume more than they produce, reflecting their high degree of 

economic diversification.  In third place is Russia but, unlike China and the US, it produces far 

more than it consumes: in other words, declining global dependency on fossil fuels – and a 

concomitant fall in the price of oil, gas and coal - would materially damage Russia’s long-term 

prospects via a deterioration in its terms of trade.   
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Table 2: The world’s biggest energy producers and how much they consume 

Position Country Production (MTOE) Consumption (MTOE) Ratio of consumption to production 

1 China 2010 3053 1.52 
2 US 1599 2272 1.42 
3 Russia 1269 674 0.53 
4 Saudi Arabia 684 267 0.39 
5 Iran 399 271 0.68 
6 Australia 397 138 0.35 
7 Canada 386 330 0.85 
8 Indonesia 361 175 0.48 
9 India 354 724 2.1 
10 Qatar 243 49 0.2 
11 UAE 238 114 0.48 
12 Iraq 220 n.a. n.a. 
13 Norway 195 49 0.25 
14 Mexico 168 187 1.11 
15 Kuwait 168 42 0.25 
16 Brazil 161 298 1.85 
17 Venezuela 155 75 0.48 
18 Algeria 151 55 0.37 
19 South Africa 142 122 0.86 
20 Kazakhstan 141 63 0.45 

Source: BP Statistical Review of World Energy June 2017, author’s calculations.  MTOE stands for million tonnes of oil equivalent 

 

Russia is far from being the most vulnerable, however.  Using a simple ratio of fossil fuel 

consumption to production, the most exposed within the world’s top twenty net producers are 

Qatar, Kuwait and Norway.  Yet all three of these have some degree of protection: table 3 

includes an estimated value for sovereign wealth funds accumulated by the world’s major net 

energy-producing nations (in some cases, notably the UAE, the numbers in the table are the 

summed value of more than one domestic SWF)14.  The UAE’s combined SWFs amount to an 

enormous USD1.3trn, suggesting that its population – of a little under 10 million souls (many of 

whom are ‘guest workers’) – is unusually well-placed to cope with a world in which the fossil 

fuels industry is in terminal decline.  In effect, the UAE, like many others, has already swapped 

what was in the ground for claims on future non-fossil fuel production. 

 

Table 3: Net oil and gas producers: energy reserves and non-energy assets 

Country Combined 
SWF 

(USDbn) 

Combined 
SWF (% 

GDP) 

Government 
debt (% 

GDP) 

SWF less 
debt (% 

GDP) 

Oil reserves 
(years) 

Gas 
reserves 

(years) 

Value of 
fossil fuel 
output (% 

nominal 
GDP, 2016) 

GDP per 
capita  

(USD000) 

UAE 1307 376 20 356 66 99 21 35.4 
Norway 999 270 33 237 10 15 16 70.6 
Saudi Arabia 738 114 13 101 59 77 33 20.4 
Kuwait 524 476 19 458 88 104 47 26.2 
Qatar 320 207 6 201 36 134 48 59.5 
Kazakhstan 128 96 21 75 49 48 32 7.5 
Australia 105 8 41 -33 30 38 10 51.7 
Russia 101 8 16 -8 27 56 30 8.9 
Iran 91 23 35 -12 94 166 30 5 
Canada 13 1 92 -92 105 14 8 42.2 
Algeria 8 5 21 -16 21 49 29 3.9 
Venezuela 1 0 21 -20 341 166 20 7.6 
Indonesia 0 0 28 -3 10 41 12 3.6 

Source: SWF Ranking table (https://www.swfinstitute.org/sovereign-wealth-fund-rankings/), BP Statistical Review of World Energy June 2017. IMF World Economic Outlook 
database  

 

Not all countries, however, are so well prepared for a post-fossil fuels future.  A comparison 

between the assets contained within a county’s sovereign wealth fund and the number of years 

it could carry on producing fossil fuels at the current annual rate reveals the difference between 

______________________________________ 
14 The net energy producers are those with a consumption/production ratio below 1 in table 2 

https://www.swfinstitute.org/sovereign-wealth-fund-rankings/
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those who have cashed in their fossil fuel chips and those whose assets remain under ground.  

While the former may be well positioned to cope in a world increasingly dominated by 

renewable energy, the latter are likely to be more vulnerable.   

There are different ways of scaling the comparison but the broad position is as follows.  Of 

those who will run out of oil and gas within the next fifty years or so, the best placed are Norway 

and Kazakhstan.  For one reason or another, Russia, Australia, Indonesia and Algeria are more 

vulnerable.  For those whose reserves extend well beyond 50 years, the best placed are those 

already full to the brim with financial assets, most obviously Saudi Arabia, the UAE and Kuwait.  

The weakest are Iran and Venezuela (the latter has, in theory, a huge amount of oil reserves – 

341 years at current production rates – but there’s little value in this if fossil fuel usage fades to 

nothing).  Qatar, meanwhile, finds itself in an odd position: plenty of reserves by international 

standards but very high per capita annual incomes, implying that those reserves could 

disappear quickly in a post-fossil fuel world. 

To emphasise the point, it’s worth considering the position of major fossil fuel producers who 

have copious reserves of coal.  At current rates of production, these reserves would last for 109 

years in Canada, 250 years in Kazakhstan, 294 years in Australia and a massive 417 years in 

Russia.  Yet it is inconceivable that much of this coal will ever see the light of day: already, much 

of the world has shifted from coal to oil and gas and, as renewables are embraced with greater 

enthusiasm (and greater regulatory zeal), coal will increasingly stay in the ground, a relic from 

another era.  The Bronze and Iron Ages didn’t come to an end as a result of a shortage of metal. 

Finally, there’s the key issue of economic diversity.  As developed economies with a 

considerable degree of non-energy diversity relative to their energy-producing peers, Australia 

and Canada have relatively small energy sectors relative to their overall GDP.  Norway and 

Indonesia are not far behind.  At the opposite end of the spectrum, not surprisingly, are the Gulf 

energy producers: some of them may have large sovereign wealth funds but, in the absence of 

significant economic diversity, they’re in danger of becoming unintended early adopters of 

systems of ‘universal basic income’, paying their citizens and subjects a post-energy allowance 

whether or not they’re engaged in economically-meaningful activity. 

Any overall ranking is, inevitably, subjective.  Still, some broad brush conclusions are possible 

taking all of the various metrics into account.  Of the major oil producers, Norway scores highly 

because it has already converted much of its oil reserves into a sovereign wealth fund, it has 

relatively low levels of debt and its economy is already diversified to a greater degree that some 

of its energy-producing peers.  Venezuela, on the other hand, is in an acutely vulnerable 

position: plentiful energy reserves, no sovereign wealth fund and an economy with limited 

diversity.  Others on the vulnerable list include Russia, Iran and Algeria. 

A post-fossil fuel future 

These vulnerabilities suggest that countries need to think now about their post-fossil fuel future.  

Some are already doing so.  Under Prince Mohammed bin Salman, Saudi Arabia is planning its 

post-energy future, investing in ‘Vision 2030’ and NEOM, in effect a USD500bn ‘charter city’15 

bordering Jordan and, by bridge¸ Egypt.  Qatar attempted to diversify into both medicine and 

media (the latter most obviously through Al Jazeera) although its attempts to offer greater 

political influence in the region have subsequently been undermined by Saudi Arabia’s and 

______________________________________ 
15 Charter cities have been championed by Paul Romer, the World Bank’s Chief Economist.  They typically operate independently of 

the state within which they reside, providing an ‘on the ground’ prototype for economic and social reforms that, if successful, might 

then be unrolled across the nation as a whole.  In NEOM’s case, the advertising literature suggests, for example, much greater 

freedoms for women than in the rest of Saudi Arabia. 
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other near neighbours’ blockade.  Others, however, haven’t even got to first base: Venezuela’s 

economic meltdown is a case in point. 

Nevertheless, whatever a country’s ambitions, diversification will not be easy.  Thanks to what is 

often labelled the ‘resource curse’ – an excessive dependency on the production of a particular 

commodity, the revenues from which typically end up in the pockets of the few, not the many, 

sometimes leading to high levels of corruption − the ability to transition to a post-fossil fuel world 

may not be easy.  The World Bank’s ‘Ease of Doing Business’ rankings highlight the challenge.  

Norway is eighth on the global list but others are in much more lowly positions: Russia is 35th, 

Qatar is 83rd, Saudi Arabia is 92nd, Iran is 124th and Venezuela is 188th.  Equally, the OECD’s 

PISA results, ranking the educational achievements of teenagers in the fields of science, 

mathematics and reading, suggest that net energy producers rank well below the global 

average.  Admittedly, only a limited number of energy producers take part in the survey but 

results for the likes of the United Arab Emirates, Qatar and Indonesia are not encouraging, even 

if in some cases there has been some modest improvement over time. 

There are also some broader points regarding emerging markets.  Following the global financial 

crisis, some commodity-importing nations found themselves becoming increasingly dependent 

on exports to commodity-producing nations.  With the West in economic disarray and 

commodity-hungry China rebounding quickly, commodity producers performed unexpectedly 

well, buoyed by rising commodity prices.  Others took advantage, encouraged also by shifting 

geopolitical sands.  Turkey is the most obvious example: its top 6 export destinations now 

include Iraq, Iran, Russia and the UAE.  This also implies, however, that Turkey would be 

vulnerable in the event that demand for fossil fuels falls way in coming decades.  Conversely, 

other emerging market commodity producers are likely to benefit as societies shift away from 

fossil fuels towards electricity.  Obvious ‘winners’ include Chile (copper and lithium), Peru 

(copper) and Australia (lithium). 

While emerging markets will harbour both winners and losers in the energy transition, they also 

potentially threaten that transition.  China, after all, is the world’s biggest producer and consumer 

of coal.  The history of economic development is littered with examples in which rapid 

industrialisation is associated with an equally rapid deterioration in air quality (think, for example, 

of the infamous London ‘smogs’ of the 1950s).  Still, it may be possible for emerging nations to 

‘leapfrog’ fossil fuel technologies in the same way that some of them have been able to leapfrog 

fixed line telecoms in favour of mobile.  Rapid advances in photovoltaic technology provide one 

source of hope, particularly for the many emerging nations that enjoy plenty of sunlight. 

More broadly, it could just be that a sustained shift towards renewable energy will lead to 

increased dislocations in the global economy.  If cheap workers are replaced by robots and if 

robots are associated with reshoring, the world may increasingly subdivide between the 

diversified ‘haves’ and the energy-dependent ‘have-nots’.  The diversified economies, in turn, 

may find it easier to produce the necessary funding for a 21st Century network of renewable 

energy that will further allow them to pull away from the energy producers.  The story threatens 

to become a global version of the US or UK pit closures of the late 20th Century in which whole 

communities found themselves disadvantaged relative to regions that were less dependent on 

coal mining, more diversified economically and typically better connected with a range of 

different markets around the world. 

Even within the most diversified economies, however, there is likely to be profound change 

thanks to the combination of zero marginal cost energy and rapid advances in robotics, artificial 

intelligence and other technological breakthroughs.  Some will lose out even if, in aggregate, 

societies may advance.  Who will be the 21st Century equivalents of stable hands, blacksmiths, 

coal miners, wheel tappers and domestic servants?  Vulnerable occupations will likely include 

delivery drivers, taxi drivers, oil workers and utility workers.  Vulnerable industries will include all 
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kinds of suppliers to the automotive industry (electric cars do not need gearboxes, for example), 

retailers (to the extent that goods will be delivered ever more cheaply to homes), the motor 

insurance industry and boiler manufacturers.  Winners will include battery manufacturers, those 

able to make use of zero-marginal cost energy supplies (anyone other than the traditional 

suppliers themselves) and those involved in the creation of a new, renewable-based, energy 

infrastructure.  And, to the extent that further technological advance will create even more 

‘winner takes all’ companies with little in the way of tangible investment but everything in the 

way of global scale, problems of inequality may become bigger, not smaller, over time. 

Then there are taxation challenges. On average, fuel tax across all OECD countries amounts to 

EUR3.3 per Gj.  Yet, within this average, there are huge differences.  Electricity, which accounts 

for 42% of the energy ‘base’ across the OECD, is taxed at a remarkably low EUR0.9 per Gj.  

Fuel used for transportation purposes, which accounts for 24% of the energy base, is taxed at 

EUR11.5 per Gj16.  While there may be good reasons for this discrepancy (environment, 

infrastructure), the current arrangement will leave governments short of revenue if, as seems 

likely, the internal combustion engine ends up heading to the mechanical equivalent of the glue 

factory.  To take just one example, fuel duties in the UK – largely a tax on transportation − 

amount to around 1.4% of GDP (or, including VAT, 1.7% of GDP)17.  As that number falls over 

time, other sources of tax revenue will have to take up the slack, raising questions about future 

tax breaks for more environmentally-friendly energy arrangements. 

As for the infrastructure challenge, the current remarkably low cost of borrowing suggests that 

governments have the perfect opportunity to support the creation of a renewables network with 

a vision equivalent to Edison’s at the end of the 19th Century (while allowing competitive space 

for future innovation).  Ever since the global financial crisis – and, in some cases, from long 

before the crisis – corporate sectors in the west have been reluctant to invest, reflecting a 

mixture of caution, technological advance and, in many cases, the increasingly conservative 

investment preferences of ageing populations.  Whereas, in the 1970s and early 1980s, there 

was an understandable concern about the dangers of what became known as ‘crowding out’ – 

the idea that government borrowing to fund politically-motivated investments would merely drive 

up the cost of borrowing, thereby reducing the volume of worthwhile private investment – those 

arguments no longer seem so relevant.  More importantly, if the social costs of climate change 

considerably exceed the private costs – as the overwhelming scientific evidence suggests – 

governments should be acting anyway.  With low interest rates, the opportunity is there for 

governments to borrow not so much to save their economies but, instead, to save the planet.  

To date, with all the excitement about electric vehicles, that message is in danger of being lost.  

Energy evolutions throughout history have ultimately depended on infrastructure revolutions 

often driven by visionaries who could see how generation, distribution and consumption would 

fit together like pieces of a complicated jigsaw puzzle.  From solar energy generation through to 

the distribution of much higher electricity voltages and from wave power through to “off grid” 

power generation, if the benefits of renewable energy are ultimately to be harnessed and 

distributed, the history of the 21st Century will prove to be no different.

______________________________________ 
16 Source: OECD, Taxing Energy Use: A Graphical Analysis, Paris, 2013  

17 Source: Office for Budget Responsibility, Economic and Fiscal Outlook, November 2017, Table 4.5 available at 

http://cdn.budgetresponsibility.org.uk/Nov2017EFOwebversion-2.pdf 
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