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1

The End of the World as we Know it


‘The most glorious moment for a work of this sort would be that which might come immediately in the wake of some catastrophe so great as to suspend the progress of science, interrupt the labors of craftsmen, and plunge a portion of our hemisphere into darkness once again.’

Denis Diderot, Encyclopédie (1751–1772)



The seemingly obligatory scene in any disaster movie is a panning shot across a broad highway gridlocked with tightly packed vehicles attempting to flee the city. Instances of extreme road rage flare as drivers grow increasingly desperate, before abandoning their cars amongst the others already littering the hard shoulders and lanes and joining the droves of people pushing onwards on foot. Even without an immediate hazard, any event that disrupts distribution networks or the electrical grid will starve the cities of their voracious appetite for resources and force their inhabitants out in a hungry exodus: mass migrations of urbanite refugees swarming into the surrounding countryside to scavenge for food.

TEARING UP THE SOCIAL CONTRACT

I don’t want to get stuck in the philosophical quagmire of debating whether mankind is intrinsically evil or not, and whether a controlling authority is a necessary construct to impose a set of laws and maintain order through the threat of punishment. But it is clear that with the evaporation of centralised governance and a civil police force, those with ill intentions will seize the opportunity to subjugate or exploit the more peaceful or vulnerable. And once the situation seems sufficiently dire, even previously law-abiding citizens will resort to whatever action is necessary to provide for and protect their own families. To ensure your own survival you may have to forage and scavenge for what you need: a polite euphemism for looting.

Part of the glue that binds societies together is the expectation that the pursuit of short-term gains through deception or violence is far outweighed by the long-term consequences. You’ll be caught and socially stigmatised as an untrustworthy partner or punished by the state: cheats don’t prosper. This tacit agreement between individuals in a society to co-operate and behave for the collective good, sacrificing a certain amount of personal freedom in exchange for benefits such as the mutual protection offered by the state, is known as the social contract. It is the very foundation of all collective endeavour, production and economic activity of a civilisation, but the structure begins to strain and social cohesion loosens once individuals perceive greater personal gains in cheating, or suspect that others will cheat them.

During a severe crisis the social contract can snap, precipitating the total disintegration of law and order. We need look no further than the most technologically advanced nation on the planet to see the effects of a localised fracture in the social contract. New Orleans was physically devastated by the rampage of Hurricane Katrina, but it was the desperate realisation by the city’s inhabitants that local governance had evaporated and no help would be arriving any time soon that saw the rapid degeneration of normal social order and the outbreak of anarchy.

So after a cataclysmic event, following the evaporation of governance and law enforcement, we might expect organised gangs to emerge to fill the power vacuum, laying claim to their own personal fiefdoms. Those who seize control of the remaining resources (food, fuel, and so on) will administer the only items that have any inherent value in the new world order. Cash and credit cards will be meaningless. Those appropriating the caches of preserved food as their own ‘property’ will become very wealthy and powerful – the new kings – controlling the allocation of food to buy loyalty and services just as ancient Mesopotamian emperors did. In this environment, people with special skills, such as doctors and nurses, might do well to keep this to themselves, as they might be forced to serve the gangs as highly specialised slaves.

Lethal force may be applied swiftly to deter looters and raids from rival gangs, and as resources become depleted the competition will only get fiercer. A common mantra of people who actively prepare for the apocalypse (called preppers) is that: ‘it is better to have a gun and not need it, than to need a gun and not have it’.

One pattern likely to recur during the first weeks and months is that small communities of people will gather together in a defensible location for mutual support and protection of their own stash of consumables, looking for safety in numbers. These small dominions will need to patrol and protect their own borders in the way that nations do today. Ironically, the safest place for a group to barricade themselves in and hunker down during the turbulence would be one of the fortresses dotted across the country, but now turned inside-out in its purpose. Prisons are largely self-contained compounds with high walls, sturdy gates, barbed wire, and watch towers, originally intended to prevent the inhabitants from escaping but equally effective as a defensive refuge for keeping others out.

The outbreak of widespread crime and violence is probably an inevitable effect of any catastrophic event. However, this hellish descent into a Lord of the Flies world is not something I will discuss further here. This book is about how to fast-track the recovery of technological civilisation once people are able to settle down again.

THE BEST WAY FOR THE WORLD TO END

Before we get to the ‘best’, let’s start with the worst. From the point of view of rebuilding civilisation, the worst kind of doomsday event would be all-out nuclear war. Even if you escape vaporisation in the targeted cities, much of the material of the modern world will have been obliterated and the dust-darkened skies and ground poisoned by fallout would hamper the recovery of agriculture. Just as bad, even though it is not directly lethal, would be an enormous coronal mass ejection from the sun. A particularly violent solar burp would slam into the magnetic field around our planet, set it ringing like a bell, and induce enormous currents in the electricity distribution wires, destroying transformers and knocking out electrical grids across the planet. The global power blackout would disrupt the pumping of water and gas supplies and the refining of fuel, as well as the production of replacement transformers. With such devastation of the core infrastructure of modern civilisation without any immediate loss of life, the collapse of social order would soon follow and roving crowds would rapidly consume the remaining supplies, precipitating mass depopulation. At the end, survivors would still encounter a world without people, but one that has now been stripped bare of any resources that would have offered them a grace period for recovery.

While the dramatic scenario favoured by many post-apocalyptic movies and novels may be the collapse of industrial civilisation and social order, forcing survivors to engage in an increasingly frantic struggle for dwindling resources, the scenario I want to focus on is the inverse: a sudden and extreme depopulation that leaves the material infrastructure of our technological civilisation untouched. The majority of humanity has been erased, but all of the stuff is still around. This scenario presents the most interesting starting point for the thought experiment on how to accelerate the rebuilding of civilisation from scratch. It grants the survivors a grace period to find their feet, preventing a degenerative slide too far, before they need to relearn the essential functions of a self-supporting society.

To come to this scenario, the best way for the world to end would be at the hands of a fast-spreading pandemic. The perfect viral storm is a contagion that combines aggressive virulence, a long incubation period and near 100 per cent mortality. This way, the agent of the apocalypse is extremely infectious between individuals, takes a little while for its sickness to kick in (so that it maximises the pool of subsequent hosts that are infected) but results in certain death in the end. We have become a truly urban species – since 2008 the majority of the global population have lived in cities rather than rural areas – and this crammed density of people, along with fervent intercontinental travel, provides the perfect conditions for the rapid transmission of contagion. If a plague like the Black Death of the 1340s, which wiped out a third of the European population (and probably a similar proportion across Asia), were to strike today our technological civilisation would be much less resilient.fn1

What, then, is the minimum number of survivors of a global catastrophe needed to have a feasible chance not just of repopulating the world but of being able to accelerate the rebuilding of civilisation? To put it another way: what is the critical mass to enable a rapid reboot?

The two extremes of the spectrum of surviving populations I will call the Mad Max and I Am Legend scenarios. If there is an implosion of the technological life-support system of modern society but no immediate depopulation (such as triggered by a coronal mass ejection), most of the population survives to rapidly consume any remaining resources in fierce competition. This wastes the grace period, and society promptly descends into Mad Max-style barbarism and subsequent mass depopulation, with little hope of rapidly bouncing back. If, on the other hand, you are the sole survivor in the world (the ‘Omega man’), or at least one of a small number of survivors so dispersed that they are unlikely to stumble across one another during their lives, then the notion of rebuilding civilisation, or even recovering the human population, is nil. Humanity hangs by a single thread and is inevitably doomed when this Omega man or woman dies – the situation in Richard Matheson’s novel I Am Legend. Two survivors – a male and a female – is the mathematical minimum for continuation of the species but the genetic diversity and long-term viability of a population that grows from just two individuals would be seriously compromised.

So what is the theoretical minimum needed for repopulation? Analysis of the mitochondrial DNA sequences in the Maori people living in New Zealand today has been used to estimate the number of founding pioneers who first arrived on rafts from Eastern Polynesia. The genetic diversity revealed that the effective size of this ancestral population was no more than about seventy breeding females, and so a total population a little over twice that. Similar genetic analysis deduced a comparable founding population of the great majority of Native Americans, who are descended from ancestors who crossed the Bering land bridge from eastern Asia 15,000 years ago when sea levels were lower. Thus a post-apocalyptic group of a few hundred men and women all in the same place ought to encapsulate sufficient genetic variability to repopulate the world.

The problem is that even with a growth rate of 2 per cent per annum – the quickest the world’s population has ever grown, sustained by industrialised agriculture and modern medicine – it would still take eight centuries for this ancestral group to recover to the population at the time of the Industrial Revolution. (We will explore in later chapters the reasons why advanced scientific and technological developments probably require a certain population size and socioeconomic structure.) Such a diminished initial population would probably be far too small to be able to maintain reliable cultivation, let alone more advanced production methods, and so would regress all the way back to a hunter-gatherer lifestyle, preoccupied with the struggle for subsistence. Ninety-nine per cent of human existence has been spent in this lifestyle, which cannot support dense populations and represents a trap that is very hard to move out of again. How do you avoid regressing that far?

The surviving population would need plenty of hands to work the fields, to ensure agricultural productivity yet leave enough individuals free to work on developing other crafts and recovering technologies. For the best possible restart you’d need enough survivors for a broad swath of skill-sets to be represented and sufficient collective knowledge to prevent sliding back too far. An initial surviving population of around 10,000 in any one area (which for the UK represents a survival fraction of only 0.016 per cent), who are able to gather into a new community and work peacefully together, represents the idealised starting point for this thought experiment.

Let’s turn our attention to the sort of world that the survivors will find themselves in, and how it will change around them as they rebuild.

RECOLONISATION BY NATURE

Immediately after the termination of routine maintenance, nature will seize its opportunity to reclaim our urban spaces. Trash and detritus will collect on the streets and pavements, blocking drains and causing the pooling of water and accumulation of debris rotting into mulch. Pioneering weeds will first begin to proliferate in pockets like this. Even in the absence of pounding car tyres, cracks in the tarmac will steadily widen into crevices. With every frost, water pooled in these depressions will freeze and expand, crumbling the hard artificial ground from within with the same punishing freeze–thaw cycle that steadily wears down entire mountain ranges. This weathering creates more and more niches for small opportunistic weeds, and then shrubs, to become established and further break up the surface. Other plants are more aggressive, their penetrating roots pushing right through the bricks and mortar to find purchase and tap into sources of moisture. Vines will snake their way up traffic lights and street signs, treating them like metallic tree trunks, and lush coatings of creepers will grow up the cliff-like faces of buildings and spread down from the rooftops.

[image: Interior of an abandoned New Jersey library, with a partially collapsed roof, debris covering the floor, and young trees and dense vegetation growing through the central space.]
1. Buildings crumble and nature reclaims our urban spaces, including our stores of knowledge like this New Jersey library.
Over a number of years, accumulating leaf litter and other vegetative matter from this pioneering burst of growth decays to an organic humus and mixes with the windblown dust and grit of deteriorating concrete and bricks to create a genuine urban soil. Papers and other detritus billowing out of broken office windows will collect in the streets below and add to this composting layer. A thickening carpet of dirt will smother the roads, pavements, parking lots and open spaces of towns and cities, allowing a succession of larger trees to take root. Away from the tarmacked streets and paved squares, the cities’ grassy parks and the surrounding countryside will rapidly return to woodland. In just a decade or two, elder thickets and birch trees will have become firmly established, maturing to dense woods of spruce, larch and chestnut by the end of the first century after the apocalypse.

And while nature is busy reclaiming the environment, our buildings will crumble and decay among the growing forests. As vegetation returns and fills the streets with wood and drifts of windblown leaves, mingling with the rubbish cascading from broken windows, piles of perfect kindling will collect in the streets and the chance of raging urban forest fires increases. Tinder accumulated against the side of a building and ignited by a summer lightning storm, or perhaps sunlight focused through broken glass, is all that’s needed to unleash devastating wildfires that spread along the streets and burn up the inside of high-rises.

A modern city wouldn’t be razed to the ground like London in 1666 or Chicago in 1871, the fire ripping rapidly from one wooden building to the next and leaping across the narrow streets, but blazes spreading unopposed by firefighters would still be devastating. Gas lingering in underground pipes and throughout buildings would explode, with fuel left in tanks of vehicles abandoned in the streets adding to the intensity of the inferno. Dotted throughout populated areas are bombs waiting to go off when a blaze sweeps through: petrol stations and chemical depots. Perhaps one of the most poignant sights for the post-apocalyptic survivors would be the burning of the old cities, thick columns of choking black smoke towering above the landscape and turning the sky blood red at night. After a passing blaze, the brick, concrete and steel matrix of contemporary buildings would be all that is left – charred skeletons once their combustible internal viscera have been gutted.

Fire will wreak devastation across great areas of the deserted cities, but it is water that will eventually bring certain destruction for all our carefully constructed buildings. The first winter after the apocalypse will see a spate of burst frozen water pipes, which will disgorge inside buildings during the following thaw. Rain will blow in through missing or broken windows, trickle down among dislodged roofing tiles and overflow from blocked gutters and drains. Peeled paint from window and door frames will allow moisture to soak in, rotting wood and corroding metal until the whole frame falls out of the wall. The wooden structures – floorboards, joists and roof supports – will also soak up moisture and rot, while the bolts, screws and nails holding the components together rust.

Concrete, bricks and the mortar smeared between them are subject to temperature swings, soaked with water trickling down from blocked gutters and pulverised by the relentless pulsing of freeze–thaw at high latitudes. In warmer climates, insects such as termites and woodworm will join forces with fungi to eat away at the wooden components of buildings. Before too long, wooden beams will decay and yield, causing floors to fall through and roofs to collapse, and eventually the walls themselves bow outwards then topple. The majority of our houses or apartment blocks will last, at most, a hundred years.

Our metal bridges will corrode and weaken as the paint peels off, allowing water to seep in. The death knell for many bridges, though, is likely to be windblown detritus collecting in the expansion gaps, breathing spaces designed to allow the materials to swell in the summer heat. Once clogged, the bridge will strain against itself, shearing off corroding bolts until the whole structure gives way. Within a century or two, many bridges will have collapsed into the water below, the lines of rubble and debris at the feet of the still-standing pillars forming a series of weirs in the river.

The steel-reinforced concrete of many modern buildings is a marvellous construction material, but although more resistant than wood, it is by no means impervious to decay. The ultimate cause of its deterioration is ironically the source of its great mechanical strength. The steel reinforcing bars (rebars) are cocooned from the elements by the concrete surrounding them, but as mildly acidic rainwater soaks through, and humic acids released by rotting vegetation seep into the concrete foundations, the embedded steel begins to rust inside the structures. The final blow for this modern construction technique is the fact that steel expands as it rusts, rupturing the concrete from the inside, leaving even more surface exposed to moisture and so accelerating the endgame. These rebars are the weak point of modern construction – and unreinforced concrete will prove more durable in the long run: the dome of the Pantheon in Rome is still going strong after two thousand years.

The greatest threat to high-rises, though, is waterlogged foundations caused by unmaintained drainage, blocked sewers or recurrent floods, particularly among cities built along the banks of a river. Their supports will corrode and degrade, or subside into the ground to create a listing skyscraper far more ominous than the Leaning Tower of Pisa, before inevitably collapsing. The raining debris will further damage surrounding edifices, or the buildings may even topple over into neighbouring monoliths like giant dominoes, until only a few remain spiking above a skyline of trees. Few of our great high-rise buildings can be expected to be still standing after a few centuries.

Within just a generation or two the urban geography will have become unrecognisable. Opportunistic seedlings have become saplings have become full-blown trees. City streets and boulevards have been replaced by dense corridors of forest crammed into the artificial canyons between high-rise buildings, themselves now grossly dilapidated and trailing vegetation from gaping windows like vertical ecosystems. Nature has reclaimed the urban jungle. Over time, the jagged piles of rubble from collapsed buildings will themselves become softened by the accumulation of decomposing plant matter forming soil – hillocks of dirt sprouting trees, until even the tumbled remains of once-soaring skyscrapers are buried and hidden by verdant growth.

Away from the cities, fleets of ghost ships drift across the oceans, occasionally carried by the vagaries of wind and currents to ground themselves on a coastline, slicing open their bellies to bleed noxious slicks of fuel oil or releasing their load of containers on to the ocean currents like dandelion seeds in the wind. But perhaps the most spectacular shipwreck, if anyone happens to be in the right place at the right time to watch it, will be the return of one of humanity’s most ambitious constructions.

The International Space Station is a giant 100-metre-wide edifice built over fourteen years in low Earth orbit: an impressive assemblage of pressurised modules, spindly struts, and dragonfly wings of solar panels. Although it soars 400 kilometres above our heads, the space station is not quite beyond the wispy upper reaches of the atmosphere, which exerts an imperceptibly slight but unrelenting drag on the sprawling structure. This saps the space station’s orbital energy so that it spirals steadily towards the ground, and it needs to be repeatedly boosted back up with rocket thrusters. With the demise of the astronauts, or lack of fuel, the space station will relentlessly drop about 2 kilometres every month. Before long, it would be hauled down into a fiery plunge through the air, ending in a streak of light and fireball like an artificial shooting star.

THE POST-APOCALYPTIC CLIMATE

The gradual decay of our cities and towns is not the only transforming process that survivors will witness.

Since the Industrial Revolution and the exploitation of first coal and then natural gas and oil humanity has been fervently burrowing underground to dig up the buried chemical energy accumulated from times past. These fossil fuels, readily combustible dollops of carbon, are the decayed remains of ancient forests and marine organisms: chemical energy derived from the trapping of sunlight that shone on the Earth aeons ago. This carbon originally came from the atmosphere, but the problem is that we are burning the stores so quickly that a few hundred million years’ worth of fixed carbon have been released back into the atmosphere in just over a hundred years, pumped out of our smokestacks and car exhausts. This is far, far faster than the planetary system can reabsorb the liberated carbon dioxide, and there is about 40 per cent more of the gas in the air today than at the beginning of the eighteenth century. One effect of this elevated carbon dioxide level is that more of the sun’s warmth is trapped by the Earth’s atmosphere through the greenhouse effect, leading to global warming. This in turn will cause a rise in sea levels and the disruption of weather patterns worldwide, creating more frequent, heavier monsoon floods in some areas and droughts in others, with severe repercussions for agriculture.

With the collapse of technological civilisation emissions from industry, intensive agriculture and transport would cease overnight, and pollution from the small surviving population would drop to practically zero in the immediate aftermath. But even if emissions were to stop tomorrow, the world would continue to respond for the next few centuries to the vast amount of carbon dioxide our civilisation has already belched out. We are currently in a lag phase, as the planet reacts to the sudden hard shove we have given to its equilibrium.

The post-apocalyptic world is likely to experience a rise in sea level of several metres over the following centuries from momentum already built up in the system. The effects could be much worse if the warming has knock-on consequences, such as the thawing of methane-laden permafrost or widespread melting of glaciers. Whilst carbon dioxide levels will decline after the apocalypse, they will plateau at a substantially elevated value and not return to their pre-industrial state for many tens of thousands of years. So over the timescale of our, or any following civilisation, this forced cranking-up of the planet’s thermostat is essentially permanent and our current carefree lifestyle will leave a long, dark legacy for those inhabiting the world after us. The consequences for survivors already struggling to support themselves is that as the climate and weather patterns continue to change over the generations, once-fertile cropland may be ruined by drought, low-lying regions become flooded and tropical diseases become more prevalent. Shifts in local climate have caused abrupt collapses of civilisations in our history and the ongoing global changes may well frustrate the recovery of a fragile post-apocalyptic society.
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The Grace Period


‘Thus we never see the true state of our condition till it is illustrated to us by its contraries, nor know how to value what we enjoy, but by the want of it.’

Daniel Defoe, Robinson Crusoe (1719)



After a plane crash in a remote area, your main priorities for survival would be shelter, water and food. The same requirements are paramount after the crash of civilisation around you. While it’s possible to survive for several weeks without food, and a few days without drinking water, if you’re caught outside in an inclement climate you can die of exposure within a matter of hours. As the SAS survival expert John ‘Lofty’ Wiseman told me, ‘If you’re still on your feet after the big bang you are a survivor. But how long you continue to survive is down to your knowledge and what you do.’ For our purposes we’ll assume that, like more than 99 per cent of people, including myself, you’re not a prepper and have not stockpiled food and water, fortified your home or made any other prior arrangements for the end of the world.

So during the crucial buffer period before you’re forced to start producing things anew, what remnants could you scavenge to ensure your survival? What would you want to look out for when beachcombing the detritus left by the receding technological tide?

SHELTER

In the situation we’ve imagined (loss of people, but no massive destruction of the stuff that surrounds us), you’re not likely to lack shelter: there will be no shortage of abandoned buildings in the immediate aftermath. It would be well worth it, though, to embark immediately on a scavenging foray to a camping store to get yourself some new attire. The dress code for the end of the world is pragmatic: loose hard-wearing trousers, layers of warm tops, and a decent waterproof jacket will keep you comfortable while spending a lot more time in the open or in unheated buildings. Sturdy hiking boots may not look very glamorous, but in a post-apocalyptic world you really don’t want to lose your footing and break an ankle. Over the first few years, the best place to forage for clothing that has not yet been destroyed by insects or the penetrating damp would be large shopping centres. It’s a long way into the deep interior of a mall, and goods there are safe from the elements.

Warm clothes aside, it’s fire that will ensure your survival. Fire has had a fundamental role in human history, protecting against the cold, providing light, cooking food to render it more digestible and pathogen-free, and smelting metals. Immediately after the collapse you won’t need wilderness survival skills like rubbing sticks together to ignite tinder. There will be plentiful boxes of matches in corner shops and homes, and disposable gas lighters will continue to work for years.

If you can’t find matches or lighters, there are less conventional methods for starting a fire using scavenged materials. If it’s a bright day, sunlight can be concentrated into a hot focus using a magnifying glass, a pair of glasses,fn1 or even the curved base of a drinks can that has been polished with a square of chocolate or dab of toothpaste. Sparks can be generated by touching together jump leads attached to an abandoned car battery, and wire wool scavenged from a kitchen cupboard will ignite spontaneously when it is rubbed against the terminals of a 9-volt battery liberated from a smoke detector. There will be an abundance of excellent tinder lying around deserted human habitations, such as cotton, wool, cloth or paper, especially if you douse it in a makeshift fire accelerant like Vaseline, hairspray, paint thinner or simply a drop of petrol. And you won’t struggle to find fuel to burn, even in an urban environment. Populated areas are packed with combustible materials, from furniture and wooden fittings to garden shrubs, that can be thrown on a fire for heat and cooking.

The issue is not starting a fire or keeping it going, but where to make it. The vast majority of recently built houses and apartments have no working fireplace. If need be, you can safely contain a fire within a metal bin or bring a barbecue indoors, or if the apartment has a concrete floor you could rip away a patch of carpet and light a fire directly on the concrete. You’ll need to allow the smoke and fumes to escape through a slightly opened window (especially if you’re forced to resort to combusting synthetic fabrics or furniture foam). But your best bet would be to try to find an older cottage or farmhouse which is appropriately equipped to be heated by fires rather than radiators – this is one of the major incentives to abandon the cities as quickly as possible, as we’ll see in a while.

WATER

After shelter and protection from the elements, the second priority on your checklist is to secure clean drinking water. Before the municipal water supply runs dry you should fill your bath and sinks to the brim with water, as well as any clean buckets or even strong polythene rubbish bags. These emergency water stores should be covered to keep them free from detritus and to block the light that allows algal growth. Bottled water can be scavenged from supermarkets and water coolers in office buildings. Other reservoirs of water you’ll be able to drain include hotel and gym swimming pools, as well as the hot-water tanks in any large building. In time, you’ll come to rely on water sources you’d normally have turned your nose up at. Every survivor will need at least 3 litres of clean water every day, and more in hot climates or with exertion. Keep in mind that this is for rehydration alone and does not include water necessary for cooking and washing.

Water that doesn’t come from a sealed bottle must be purified. A sure-fire method for sterilising water to remove pathogens is to bring it to a rolling boil for a few minutes (although this offers no protection against chemical contamination). This is very time-consuming, however, and will rapidly eat through stocks of fuel. A more practical, longer-term solution for purifying larger volumes of water, once you have settled down after the event, relies on a combination of filtration and disinfection. A rudimentary but perfectly adequate system for filtering out particles in murky lake or river water uses a tall receptacle like a plastic bucket, steel drum or even a well-cleaned bin. Punch some small holes in the bottom, and cover with a layer of charcoal, either lifted from a hardware store or created yourself using the instructions page 104–5. Alternate layers of fine sand and gravel on top of the charcoal. Pour the water into your receptacle, and as it drains through, it will be effectively filtered of most particulate matter.

The first option for disinfecting this filtered water to eliminate waterborne pathogens is to use dedicated water purification treatments, such as iodine tablets or crystals available from camping shops. If you can’t find any, there are some surprising alternatives that will also work perfectly well, such as chlorine-based bleaches formulated for household cleaning. Just a few drops of a 5 per cent liquid bleach solution that has sodium hypochlorite listed as the main active ingredient will disinfect a litre of water in an hour. But
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[image: A woman walks across a bridge beside a river where several improvised hydroelectric generators churn in the current. Each generator appears as a small metal rotor mounted on a simple frame and tethered by cables, with splashing water around the rotating parts. Apartment buildings and wooded hills rise beyond the river.]
2. Inhabitants of Goražde, cut off from the grid by Serbian forces in the mid-1990s, jury-rigged rudimentary hydroelectric generators tethered to bridges.
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Footnotes

Introduction

fn1 Similar, small-scale scenarios have occurred in recent history: with the fall of the Soviet Union in 1991, the small republic of Moldova experienced a crippling crash in its economy, forcing people to become self-sufficient and to readopt museum-exhibit technology like spinning wheels, hand looms and butter churns.

fn2 If you ignore the material that will be left behind by the collapse of our society, this thought experiment on aiding the recovery of survivors could also provide the manual you’d need to develop a technological civilisation from scratch after accidentally falling through a time warp into the Palaeolithic era ten thousand years in the past, or crash-landing a spaceship on an uninhabited but clement Earth-like planet. This is the ultimate Robinson Crusoe or Swiss Family Robinson shipwreck fantasy – not washing up on a small deserted island, but starting again on an empty world.

fn3 Whilst the most discernible features of a society may be its grand monuments, or art, music or other cultural output, the basics supporting civilisation are fundamentals such as agricultural productivity, sewage treatment and chemical synthesis. This book will focus on the critical science and technology, as they are universal: a particular physical law is true no matter where (or when) you are, and a society even thousands of years in the future will have the same basic needs that can be alleviated by technology – food, clothes, power, transport and so on. Art, literature and music are an important part of our cultural heritage, but the recovery of civilisation wouldn’t be held back half a millennium without them, and the post-apocalyptic survivors will develop their own expressions that have relevance for them.

1: The End of the World as we Know it

fn1 However, some of the longer-term ramifications of the Black Death were beneficial to society: a cultural silver lining to the cloud that was the Great Dying. With the ensuing labour shortage, serfs who survived the mass depopulation were able to slip their bond to the Lord of the Manor, helping break the oppressive feudal system and ushering in a much more egalitarian social structure and market-orientated economy.

2: The Grace Period

fn1 Although only those for correcting long-sightedness: the concave lenses for short-sightedness, which affects most people, disperse the light rays rather than focusing them. William Golding famously made this mistake in Lord of the Flies, with the short-sighted Piggy using his spectacles to start fires.

fn2 Modern packaging and articles are rarely formed from a single plastic type. For example, a toothpaste tube is composed of five layers all extruded at the same time: linear low-density polyethylene, modified low-density polyethylene, ethyl vinyl alcohol, modified low-density polyethylene, and finally linear low-density polyethylene (fittingly, the plastic tube is itself extruded out of a nozzle, much like the toothpaste it will be filled with). This makes the plastic of many products practically unrecoverable and so only simple articles, such as a PET clear water bottle, would be worth salvaging.

3: Agriculture

fn1 Even the familiar colour of carrots is artificial: their roots are naturally white or purple. The orange variety was created by seventeenth-century agriculturists in the Netherlands to honour William I, the Prince of Orange.

fn2 Even within Britain, the Norfolk four-course rotation is less effective on the heavy clay soils of the north and west, and so historically these regions focused on livestock pasturing and manufacturing (using their profits to buy grain from the south).

fn3 Using many of the advances discussed in this chapter, between the sixteenth and nineteenth centuries the British Agricultural Revolution achieved a substantially greater production of food while simultaneously becoming less labour-intensive, and the decreasing proportion of farmers and agricultural labourers needed to feed everyone else enabled greater urbanisation. By 1850, Britain had the lowest proportion of farmers of any country in the world, with just one person in five working the fields to feed the entire nation. By 1880 only one Briton in seven had to work the land; by 1910 that had fallen to one in eleven. And in developed nations today, by exploiting artificial fertilisers, pesticides and herbicides as well as enormously labour-efficient technologies like combine harvesters, every agricultural worker grows enough food to feed around fifty others.

4: Food and Clothing

fn1 Vestiges of the historical importance of salt remain in our language today. For instance, Roman soldiers were given an allowance to buy salt (a salarium) which is the origin of the modern word ‘salary’.

fn2 One exception is the preparation of maize traditionally used by the native cultures of Mesoamerica. Here the corn is boiled in an alkaline solution, from either slaked lime or ashes thrown into the water, to ‘nixtamalise’ it (from the Nahuatl words for ashes and corn dough). Not only does this improve the flavour, but it makes the crop’s vitamin B3 available for absorption by the body. The disease pellagra, caused by deficiency of this vitamin, plagued Europeans and North Americans relying on a staple of maize for two centuries because they adopted the crop but not the proper technique for preparing the grain for consumption.

fn3 The land masses in the northern hemisphere extend much closer to the pole than in the southern hemisphere. Newcastle upon Tyne is far closer to the pole, and so receives less winter light, than anywhere in the southern continents of Africa, Australia or South America.

fn4 And over six thousand years ago South American inhabitants discovered how to heat and ‘pop’ certain varieties; now the basis of a billion-dollar cinema-focused market in the US alone.

fn5 The first can openers did not appear until the 1860s, fifty years after the French army began issuing canned food. Soldiers were expected to open their rations with a chisel, or their bayonet, and it was only when tins became widespread amongst the civilian population that the opener was needed.

5: Substances

fn1 Economists rate the quality of a fuel reserve by calculating the Energy Return On Energy Invested (EROEI). This tells you how much usable energy can be gained from a particular deposit relative to all the energy expended in mining, refining and processing it. For example, the first commercially exploited oilfields in Texas in the early 1900s were very easy to harvest and had an EROEI score of around 100 – they yielded a hundred times more energy than was consumed in its extraction. Nowadays, as the supplies dwindle, more and more effort must be spent in sucking up (including the hassle of offshore drilling rigs) and processing the remaining drops – the EROEI has dropped to about 10.

fn2 In many respects, therefore, charcoal is a superior fuel to coal and is by no means confined to the history books. Brazil, for example, is blessed with abundant timber resources but has few coal mines – a situation likely to be encountered more widely in the post-apocalyptic world with regrowth of the forests – and is the largest charcoal producer in the world. Some of it is used in blast furnaces for creating pig iron that is exported to be made into steel for cars and kitchen appliances in the United States and elsewhere. Much of this charcoal is sourced from managed forestry, and so this offers opportunities for ‘Green steel’.

fn3 Today, we see hurricane lamps and candles as reserve technologies, kept as a reliable, easy-to-maintain backup in case the more advanced option fails. But rudimentary technologies also provide a sense of occasion, such as the horse-drawn carriage at a funeral or the candlelit romantic dinner. In this sense, some old technologies never really become obsolete: they persist, but have a different primary function. For survivors, these methods present promising fall-back options after the apocalypse.

fn4 WARNING: Never use aluminium pots or utensils for preparing soap. Aluminium reacts vigorously with strong alkalis to release explosive hydrogen gas.

7: Medicine

fn1 Birthing forceps were kept a strict secret for over a century by the family of doctors who invented them as so much money could be made from the advantage they provided over other obstetricians. To preserve their mystery, they were brought into the room inside a lined box and opened only when observers had been removed and the mother blindfolded.

fn2 One of the first clinical trials in history was conducted in 1747 with scurvy sufferers to demonstrate that citrus fruits do in fact contain some protective agent.

fn3 Using this design, in 1681 Antonie van Leeuwenhoek became the first person in history to see a germ. Leeuwenhoek had come down with a case of the squits and felt compelled to examine his own watery waste under his new microscope. He reported sighting ‘animalcules amoving very prettily’, ‘somewhat longer than broad, and their belly … furnished with sundry little paws’. He saw what we would now identify as a protozoan called Giardia, a common cause of diarrhoea. Before too long Leeuwenhoek was observing microbes in droplets of water, and bacteria swarming in faeces and decaying teeth. On examination of his own semen he discovered the vigorously wriggling sperm cells behind the sexual reproduction of all animals (although he insisted that he did not obtain his own samples by ‘any sinful contrivance’ and that they were the ‘excess with which nature provided me in my conjugal relations’).

fn4 The possibility of invisibly small organisms was speculated upon long before the first microscope was invented. In 36 BC the Roman author Marcus Terentius Varro expressed his belief that ‘there are bred certain minute creatures that cannot be seen by the eyes, which float in the air and enter the body through the mouth and nose and there cause serious diseases’. History might have played out very differently indeed if Varro had known how to make a rudimentary glass globule microscope to confirm his hunch. Imagine the pestilence and suffering that could have been prevented if germ theory had been developed over one and a half millennia earlier.

8: Power to the People

fn1 As they achieved an impressive degree of sophistication in the late nineteenth century, windmills became controlled by a centrifugal governor – two heavy balls that swing out on arms – which automatically regulated the spacing between milling stones to suit the variable wind speed. Today we instantly associate this control system with the steam engine, where it acts to close the throttle valve admitting high-pressure steam into the piston if it begins to whirl too rapidly, but James Watt in fact borrowed it wholesale from windmill technology.

fn2 If you have any of the old-style tooth fillings you can demonstrate this in your own mouth. Chewing a piece of aluminium foil introduces a second metal that reacts with the mercury–silver filling in your tooth, your own saliva serving as the electrolyte. Be careful when trying this though, as the electrical current produced will be delivered right to the nerve endings in your filled teeth!

fn3 This name for a connected assemblage of individual electrochemical cells originates in military jargon: an emplacement of several heavy guns is an artillery battery.

9: Transport

fn1 There is a recent precedent for just such a technological regression following the crash of mechanisation, and an emergency rebooting of animal traction power. From the early 1960s the agricultural system of Cuba, following Castro’s revolution and the adoption of the Caribbean island as a Soviet client state, was transformed by farming machinery and supplies provided by the Soviet Union and East European nations. With the collapse of the Soviet bloc in 1989, however, communist Cuba was abruptly severed from its imported supply of fossil fuels and equipment, and faced a nationwide breakdown of transportation, mechanised agriculture, and the ability to produce fertiliser or pesticides. The nation was forced to rapidly redevelop substantial animal power to replace 40,000 tractors, and an emergency breeding and training programme was initiated. In less than a decade Cuba had built up its oxen herds to almost 400,000, and had a recovering horse population, to keep working its fields.

fn2 Contrary to popular belief, a bicycle’s stability has little to do with the gyroscopic effect of its spinning wheels, especially at slow speeds.

fn3 Ironically, about 100 miles is still the maximum range for modern electric cars: technological improvements in battery storage and electric motors have been precisely offset by an increase in car size and weight, and drivers of electric vehicles suffer from ‘charge anxiety’.

10: Communication

fn1 So why was it that the Chinese developed paper a good millennium before it became common in Europe, and also published texts using wooden block printing, but never made the step to movable-type printing taken by Gutenberg? The reasons probably come down to a fundamental difference between the nature of European writing and Eastern scripts. Western writing is made up of a small set of letters rearranged into combinations to spell out the sound of different words, whereas written Chinese is composed of a vastly greater number of complex compound characters, each symbolising a particular object or concept. This simple rearrangement of Western letters lends itself to movable-type printing.

fn2 If you anticipate that you’ll want to run further impressions of the same body of text in the future, for example subsequent print runs of an important treatise, you can save yourself the hassle of having to typeset thousands of individual letters all over again by saving the page configuration. The types themselves are too valuable to be left arranged in the frame, but you can take an impression of the text layout in plaster and use this as a mould for casting a metal plate of the whole page. This is the original meaning of the word stereotype. The nickname for a stereotype plate is cliché, apparently after the sound made during the casting – and so to use a cliché is to rehash a block of commonly printed text.

fn3 Modern electronics have moved beyond power-hungry vacuum tubes, and now exploit the domain of properties of semiconductor materials: thermionic valve rectifiers are replaced by solid-state diodes, and the voltage-controllable behaviour of the triode is reproduced by the silicon transistor. The monolith to miniaturisation that is the smartphone in my pocket contains trillions of transistors, each of them functionally identical to a warmly glowing vacuum tube.

11: Advanced Chemistry

fn1 In the second half of the nineteenth century, the French Emperor Napoleon III hosted a banquet with aluminium cutlery to impress his most distinguished dinner guests, laying out aluminiumware rather than silverware. Bizarrely, it was simultaneously the most common and the most precious metal on the planet. But with the development of a suitable flux and the use of electrolysis for mass production, aluminium slumped from the prestige of royal dinner services to the indignity of drink cans discarded by the millions.

fn2 Since the 1930s we’ve been going one step further, and filling additional rows at the bottom of the periodic table with elements that do not exist naturally, but were technologically created – atoms with a nucleus so swollen with protons and neutrons that they are acutely unstable and disintegrate again almost immediately in a flurry of radioactivity. Through our own history, therefore, we have not only cooked up new materials – ceramics like glass or metallic mixtures like steel alloys – or novel molecules like the organic polymers of plastics, but learned how to transmute elements themselves, achieving the dream of the alchemists. And with dedication, a civilisation following in our footsteps would be able to accomplish the same.

fn3 You could also use a camera to demonstrate, even after eons of time, the existence of our prior, technologically advanced civilisation. A photo taken of the night sky near the celestial equator (90º from the pole: see Chapter 12) with an exposure of a minute or two will smudge all the stars into curved streaks because of the Earth’s spin. But occasionally you will spot something very curious: pinpoints of light that haven’t been smeared at all. These objects apparently fixed in the sky happen to be moving at exactly the same rate that the planet turns – artificial things that were deliberately placed around the Earth in this particular configuration. These are geostationary satellites ringing the equator at a special distance where the orbital period is exactly one day; such satellites remain fixed above the same point on the Earth’s surface and so make good communications relays. Their orbit is also stable, and long after all of our cities and other artefacts have crumbled to dust and been buried, they will remain monuments to our technological civilisation in the pristine environment of space, easy to spot if you know how.

fn4 While we’re on silver chemistry, it’s worth mentioning another crucial capability: that of creating a mirror, indispensable beyond mere vanity as a critical component of high-powered telescopes or the sextant for navigation. Alkaline ammonia solution (see Chapter 5) is mixed with the silver nitrate and a little sugar and then poured over the back of a clean piece of glass. The sugar reduces the silver back to pure metal and so deposits a thin shiny layer directly on to the glass surface.

fn5 In modern nomenclature we would say that common sea salt (sodium chloride) and soda ash (sodium carbonate) are both chemical salts of the same base (sodium hydroxide, known traditionally as caustic soda).

fn6 In the early nineteenth century these were simply dumped as toxic waste: insoluble heaps of dark ashy calcium sulphide were piled up in the fields surrounding the soda works and clouds of hydrogen chloride poured out of tall chimneys, causing great damage to surrounding plant life. In 1863 Britain passed the Alkali Act that prohibited the venting of hydrogen chloride – the first modern legislation against air pollution. The immediate response of the soda plants was to scrub this soluble gas by sprinkling water down the inside of their chimneys and discharge the resultant hydrochloric acid straight into the nearest river, deftly sidestepping the legislation by turning air pollution into water pollution!

fn7 Over two tonnes of ammonium nitrate fertiliser were packed by Timothy McVeigh into the back of a truck for the Oklahoma City bombing, and one of the world’s largest non-nuclear explosions occurred in 1947 when a fire caused a ship carrying more than 2,000 tonnes of the compound to detonate in the port of Texas City.

12: Time and Place

fn1 The parallel streets of Manhattan’s grid-like layout are aligned along a bearing of 30° east of celestial north, and twice a year (at the end of May and in mid-July) Manhattan behaves like a city-sized Stonehenge, with the sun setting right down the centre line of the canyon-like streets.

fn2 If you need convincing, you can demonstrate that the tracking of the sun across the sky and the wheeling of the night-time canopy of stars are caused by our motion, not theirs. Dangle a heavy bob from a long piece of string, inside and away from any gusts of wind, and carefully set it swinging, straight back and forth without any sideways sway. The swing of this ‘Foucault’s Pendulum’ will seem to rotate around the ground over the course of a day. But the pendulum is suspended in open air and so there can be no force acting to cause it to twist; in fact the pendulum is swinging in the same direction all along as the Earth itself turns underneath.

fn3 These first appeared in late-thirteenth-century monasteries, their chimes calling the monks to prayer. In fact, the crucial mechanisms pre-date the adoption of clock faces and hands by over a century (and the minute hand didn’t appear for another three hundred years): the earliest clocks couldn’t display the time but were ingenious automated systems for ringing bells (indeed, the name derives from the Celtic for bell).

fn4 All clocks are in essence devices for counting the oscillations of some regular process and displaying the tally. Modern clocks are no different in principle, they just exploit different physical phenomena with more rapid and more precisely regular ticks: counting the electronic oscillations of a quartz crystal in a digital watch or the microwave oscillations of a cloud of caesium in an atomic clock.

fn5 Although the day will actually be slightly longer because the sunlight is deflected in the Earth’s atmosphere to give a period of twilight in the morning and evening.

fn6 How can you prove it is the Earth that moves around the sun, and not vice versa (and thus we are not in a privileged location in the centre of the solar system)? All you need is a suitably accurate clock. Over a few nights you’ll notice that any given star rises almost exactly four minutes later each night. If the only motion involved was the Earth turning on its axis like a top, the stars would wheel into view at exactly the same moment every night. But in fact the Earth’s position shifts slightly and so it takes a short while for its rotation to bring the same view as last night back into sight. Four minutes is 1/365th of 24 hours: the Earth has stepped forward one day in its year-long circuit of the sun.

fn7 In fact, you’ll notice from the records that you’ve kept over the first few decades of the reboot that with a 365-day calendar the date of the stellar events drifts steadily later in the year. This tells you that the year length isn’t actually 365 days on the nose, but a fraction longer. (Thinking about it, there’s no reason to expect the planet’s orbit around the sun to be an exact multiple of the time it takes to spin on its own axis.) Over 1,460 years a marker will slide backwards through the whole year to return to the original day you observed it. So relative to the celestial backdrop, the Earth spins an extra 365 days over 1,460 years. Thus there is an additional quarter-day in each year that you need to take account of, otherwise your calendar will slip embarrassingly out of synch with the seasons. This is why in 46 BC Julius Caesar decreed the realignment of the date and introduced the leap year to ensure that seasons and calendar remain in step.

fn8 Large surveying ships would often carry several chronometers, to average out errors and for multiple redundancy. HMS Beagle set out in 1831 with no fewer than 22 chronometers to ensure an accurate fix on the location of foreign lands (including the Galapagos islands where Darwin’s observations of the wildlife set him towards his revolutionary theory).

13: The Greatest Invention

fn1 I’m sure many people reading this book have been surprised that some topic they consider important has been overlooked. As far as possible I’ve tried to include what I think would be indispensable knowledge for rebooting. You could rebuild a functioning technological civilisation without knowledge of human evolution or the planets of the solar system, but not without being able to maintain the fertility of your fields effectively or produce chemical alkalis. However, I’d be keen to hear from you via the website (The-Knowledge.org) as to what you personally would consider vital knowledge for accelerating the rebuilding of civilisation from scratch, and why.

fn2 About the only countries that haven’t fully adopted this system are the US and the UK, where outdated units persist, with the use of miles on road signs and car speedometers and drinks served in restaurants and pubs by the pint. The historical reason was Napoleon’s exclusion of the English-speaking world when he called the congress of 1798 to encourage international adoption of the new metric system – the British had just sunk the French fleet at the Battle of Aboukir (Battle of the Nile) and so were not invited to the party.

fn3 In fact, historically, the argument ran the other way, and in the seventeenth century it was proposed that the metre be defined as the length of a pendulum that has a half-period of exactly one second. This is why the word ‘metre’ shares its meaning with the rhythm of poetry or music. The proposal was abandoned in favour of an alternative based on the dimensions of the Earth, however, due to the effect that variations in the local gravitational strength across the face of the planet have on a pendulum’s rhythm.

fn4 In actual fact, since the process of boiling depends on other factors, such as the roughness of the container for forming bubbles, the temperature of a saturated cloud of steam at atmospheric pressure is a more consistent and reliable standard.

fn5 Mathematics is one topic that has not been covered in depth here. Calculations are clearly important for engineering designs, and mathematics is the language for the statement of physical law, but it does not lend itself to explanations of general principles within the scope of this book.
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