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Chapter 1

Fossil

I QUICKLY RIPPED off the Velcro. The mouthpiece for the breathing apparatus attached to my flight suit dropped into my hand. I took one last deep breath, and bit down on the mouthpiece. One hand was on my seat belt, and the other on the release mechanism of the helicopter window. I closed my eyes. The helicopter became submerged in water, and rolled, flipping me upside down. Trying my best to keep calm and ignore the disorientation of being upside down and underwater, I unbuckled my seat belt and unlatched the window. I fought against the weight of the water and pushed the window away. Grabbing onto any edges I could find, I felt my way out and ascended to the surface. I had just successfully completed the final and most important task of offshore survival training.

I attended this offshore survival-training course about two years into my career in energy, after taking a job as an operations engineer for an oil and gas exploration and production company. I had worked in coal- and gas-fired power stations, but I was nowhere near understanding the whole picture of global energy. I knew there was more to it than I had seen, so wanted to take a step back from electricity generation to learn how fossil fuels are located, extracted and transported. I was at the start of my energy journey, yet to comprehend the full magnitude of the impact of fossil fuels on the planet, and yet to make the jump from fossil fuels to renewable energy. Despite being on the wrong side of the energy transition during those years, the time I spent in this area did add to my dashboard view of the energy system.

In many parts of the world, survival training is mandatory for anybody visiting an offshore oil and gas platform or rig. Getting offshore usually involves a helicopter ride, so learning how to respond in the worst-case scenario – a crash – is essential. As the heavy machinery of a helicopter sits on top of the vehicle itself, it tends to roll over, lurching its passengers around with it. The best way to learn how to survive one of these incidents is by practising, which is why there are special training centres with fake helicopters attached to cranes suspended above swimming pools.

There’s a lot to remember, like how to put on and properly zip up the flight survival suit donned before boarding any helicopter. It’s awkward to get into, similar to putting on a dry suit for diving or snorkelling in cold water. Tight, thick elastic bands slip over your feet, wrists and neck, and form a watertight seal. A variety of contraptions are attached to the suit. The breathing apparatus, a small air pouch, gives you a few extra breaths. There’s a light, a whistle, and a radio beacon that transmits signals to allow emergency services to locate you. It’s uncomfortable and heavy, but it could save your life.

I found the whole experience fine, even easy. But we were doing it in a swimming pool at a pleasant bath-water temperature. I distinctly recall the trainer showing us a video of an Olympic swimmer swimming in water at around four degrees Celsius. It only took a minute or two for her movement to be visibly impacted by the cold. Her limbs slowed down almost to a halt. I can swim, but I don’t expect to compete in the Olympics anytime soon, so the prospect of a helicopter crash into the icy waters of the North Sea terrified me. But to understand fossil fuels, how we extract them and why we rely on them so heavily, I had to complete the course and get myself to an offshore rig to see it all with my own eyes.

*

Most of us are pretty familiar with the origin story of fossil fuels: millions of years ago, some prehistoric trees, plants and marine organisms met their fate. Having lived a full life, soaking up the sun’s energy, either directly through photosynthesis or indirectly by eating other plants and creatures, they reached the end of the road. The dead land-based plants ended up at the bottom of bogs and coastal swamps, while the tiny sea creatures – bacteria, plankton and algae – got covered in layers of sand, silt and mud. As millennia went by, more layers of sediment were deposited on top, and turned into rock, permanently trapping the corpses. The rocks weighed down heavily, increasing the pressure and temperature. This cooked the plants and trees into the black rock we know as coal, and the sea creatures into petroleum, the Latin word for ‘rock oil’.

Burning fossil fuels, and the associated pollution of our planet, may appear to be a modern phenomenon, coming hand in hand with the Industrial Revolution. But in fact, the use of coal has a long human history; it may have been burned to cremate the dead in Wales during the Bronze Age, the Aztecs in the Americas might have used it for fuel and to make ornaments, and archaeological evidence suggests coal was used in a consistent way as an energy source in China and Inner Mongolia in around 1900 to 2200 BCE (around 4,000 years ago).

Coal has also long been the key to our ability to manipulate metals, which allows us to make useful tools, and build ships and structures. Blacksmiths needed a fuel to generate extremely high temperatures, and coal played a part in the production of iron from iron ore. In Europe, coal was used by soap makers, and it was needed to make plaster from limestone for building. It was also used by salt boilers, who burned it to boil seawater to make salt, which was used to preserve food.

In the 1500s and 1600s in London, the city I now call home, coal was rightly feared to be toxic to health, so people were reluctant to use it for heating and cooking. But the alternative fuel, wood, was in short supply, as Londoners consumed trees faster than they could be replaced. They had no choice but to burn coal to stay warm and cook.1 Unsurprisingly, this wrapped London in a thick blanket of smoke. John Evelyn, an English writer and diarist, visited London in 1659 and described it as ugly, covered in a cloud of coal smoke, and ‘hell upon Earth’. He also highlighted the breathing difficulties and constant coughing of the city’s inhabitants: ‘I have been in a spacious church where I could not discern the minister for the smoke, nor hear him for the people’s barking.’2 This problem got worse over a long period of time before it got better, when the ‘Great Smog of London’ in 1952 finally triggered the Clean Air Act. The Act brought in new measures to tackle air pollution, including a shift to smokeless fuels in densely populated areas.3

Coal was already an essential fuel for civilisations all over the world long before the invention of the steam engine and the rise of the Industrial Revolution, when people moved from looking after farm animals, growing crops and making things by hand to inventing new machines for manufacturing and working in factories. By the 1900s, huge amounts of coal were being extracted all around the globe in order to meet the vast majority of the world’s energy needs.4 On top of being used to power iron and steel manufacturing, the textiles industry, railways and heating and cooking systems in the home, coal was even used for electricity production. The world’s first coal-fired public power station, the Electric Edison Light Station, was built in London in 1882 by Edward Johnson, Thomas Edison’s business associate. I have walked up and down the street it was on, but no visible signs of it remain today, as many of the buildings in the area were destroyed during the Second World War. It generated 93 kilowatts of electricity, enough to power about thirty of today’s household electric kettles. At the time, it lit street lamps and provided electricity for wealthy private residences.

My first job as an engineering graduate was at a coal-fired power station called Ratcliffe-on-Soar, near the home of Robin Hood in Nottinghamshire. This power station could generate 2,000 megawatts – or, for the sake comparison with the Electric Edison Light Station, it produced 2,000,000 kilowatts, enough electricity for around two million modern homes. On my first day, as I drove past green fields set against a backdrop of blue skies and fluffy white clouds, small grey structures in the distance grew bigger as I approached, revealing the detail of the eight curvaceous concrete cooling towers.

Nothing could have prepared me for the sense of awe I felt when I finally parked my tiny Nissan Micra, dwarfed by these massive structures. I was pleasantly surprised by the sound, too: gushing water. I felt as if I was standing next to a giant waterfall. The name ‘cooling tower’ describes the function – removing waste heat from the process by passing the steam up the hollow centre of the tower, cooling and condensing it back into liquid water, which flows downwards into the ponds below the towers.

The huge cooling towers and large amounts of heat being removed from the process are an indication of the efficiency of a coal-fired power station, at roughly 30%. This describes how much of the energy contained in the coal is turned into electricity; the remaining 70% of the energy is wasted as heat to the atmosphere. Seventy per cent sounds like a lot of waste, but this is partly dictated by the laws of the universe: thermodynamic laws mean that it is impossible to convert 100% of the energy contained in a fuel to useful energy; some will always be lost to the environment.

A coal-fired power station like Ratcliffe-on-Soar is known as a thermal power station. These crop up very frequently in the world of energy, coming in different shapes and sizes, and operating slightly differently, but all use the same basic principles. Heat energy, in this case from burning coal in a furnace to release the chemical energy it holds, heats water flowing through the pipes of the power station’s boiler, turning it to high-pressure steam. The steam squeezes its way over to the steam turbine – imagine a long metal tube with multiple rows of blades fanning out of it. As the steam hits the blades, it forces them to move, rotating the metal tube with them. The turbine is completely enclosed, so the steam has only one pathway in and out, past the blades. The metal tube is physically linked to a generator, so that spins too, and converts the kinetic energy to electrical energy.

While at Ratcliffe-on-Soar, I managed to get a peek into one of the gigantic boilers during an outage – the time of year when certain parts of the power station are turned off for maintenance. The sight above me was not what I was expecting: several people on ropes, abseiling down one of the walls of a boiler several storeys high. Inside the boiler, endless closely packed tubes stretched as far as I could see.

‘What are they doing?’ I asked my colleague, unable to make any sense of it.

‘They’re knocking the slag off the walls,’ I recall him telling me, making it seem like that was a completely normal thing to be doing.

Over time, burning coal creates molten ash, which builds up on the boiler walls and tubes. This build-up, called ‘slag’, looks like a very extreme version of the scaling you may get in a kettle if you live in an area with hard water. As is the case for a kettle, it makes the process of transferring the heat from where it is generated to where it is needed more difficult, reducing the efficiency of the power station and wasting even more of the precious energy. The people on ropes were physically removing this stuff, with what I can only imagine was some sort of ice pick designed for the job.

Spending time at this power station and getting into its bowels gave me an appreciation of how far we have come since the Industrial Revolution, and I am grateful for the engineers and technicians who run these places 24/7 to make sure we have an uninterrupted supply of electricity. Coal is an extremely useful energy store, and has served us well, but at a cost. As a fossil fuel, when burned it releases carbon dioxide, nitrous oxides, and sulphur oxides, which contribute to climate change as well as air pollution.

Instead of closing down, however, some coal-fired power stations are adapting. One bright spring day, Fiona Macleod, at the time the managing director of Lynemouth power station on the north-east coast of England, showed me around the site.5 Fiona is a chemical engineer like me, who has spent over forty years working in the chemicals and energy sectors. She is endlessly knowledgeable, engaging and fun to be around (and she has a side-career as an author, writing chemical engineering-based crime fiction under the pen name Fiona Erskine!). The power station she managed at Lynemouth started life burning coal to generate electricity for a nearby smelter, which extracted aluminium from alumina. Instead of shutting down to meet the UK government’s plan to close all coal-fired power stations by 2024, it was converted to burn biomass – fuel that comes from recently living but now dead plants, as opposed to fossil fuels, which come from creatures that died a very long time ago.

Burning biomass to generate electricity is a divisive subject. At the moment, it is generally considered carbon neutral because an equivalent amount of the carbon that is released in energy production is absorbed by the newly planted biomass feedstocks through photosynthesis.6 But it’s not quite that simple; the overall net emissions from using biomass – that is, the amount of carbon dioxide absorbed by the plant minus the amount emitted from power generation – depends on many factors. Where did the biomass come from? Will it be replanted, and if so, with what type of plant, and how will the land be managed? How far has it travelled, and how much carbon dioxide was emitted by the ships and trucks that moved it?7 Added to that, the amount of land we have here on Earth is finite, and needed for other important things like growing food, so the quantity of biomass available for energy generation will always be limited.8

Given all of this, when I first heard of power stations burning biomass to generate electricity, I was sceptical. I immediately began to imagine huge forests being cut down and trees shredded up. But Fiona challenged my understanding, highlighting the strict biomass sustainability criteria that are in place, which mean that Lynemouth burns pelletised forestry and sawmill residues like sawdust, bark and tree thinnings – anything that cannot be turned into useful items like furniture. Key to biomass sustainability are the regulations and complex carbon accounting rules, which are already in place in many areas of the world. Going forward, more decarbonisation initiatives (as countries race to reduce their emissions) will likely drive up demand for biomass, making sustainability criteria even more vital. If these rules are followed and biomass is truly sourced in a responsible and sustainable way, with all of these issues dealt with, it could be a useful part of the future energy mix, alongside other low-carbon sources of energy, and an option for some ageing coal-fired power stations.

Unlike other power stations I have spent time at, Lynemouth radiates an inviting wooden sauna smell. But, very much like the coal-fired power station I worked at as a graduate, the boiler has a set of water-filled tubes, which heat up and turn the water into steam to spin a turbine and generator, generating electricity. Luckily for me, one of the station’s three boilers was turned off for maintenance, so I got to pop my head inside and marvel at the tubes. The station’s other two boilers were running, but I could peek in through a small port in the boiler wall. I didn’t get too close, as I could feel the intense heat and see the metal boiler tubes glowing red, with flames roaring, but I spotted a clear build-up of slag on the tubes – again, very much like a coal-fired boiler.

While some parts of the site had to be changed for the coal-to-biomass conversion, the way the process works remained largely the same. Since the equipment and infrastructure already exist, it may make sense to repurpose it into something more sustainable rather than shutting down and demolishing it (a huge use of energy in its own right) – that is, as long as we can be sure the biomass fuel is sustainably sourced and will not cause more harm than good. The efficiency of the biomass power generation process is similar to that of coal, at around 30%. A small amount of the waste heat is used to warm up a nearby pond used to grow worms for fishing – I could see this pond when we went up on the roof. Beyond it, there were some wind turbines, and a beautiful beach.

Though many coal-fired power stations in the UK and Europe are getting phased out of service or adapting, as of 2022 there were still around 7,000 stations up and running around the world.9 The use of coal is declining in Europe and the USA, but it is still in high demand in places like India, China and South East Asia, where it is accessible, convenient and cheap, but comes with an environmental cost.10 Given that Europe and the USA enjoyed many years of using coal and the ensuing economic growth, it seems hypocritical to now preach ending its use to others – we are in the depths of ethically murky waters.

However, given the increasing concern about climate change and the environment in all corners of the world, and the success of renewable energy technologies, perhaps those stepping up their coal use today will start to dial it back. Those who have polluted in the past, instead of judgement, can offer support to leapfrog coal straight to renewable energy. That is certainly my hope. But when it comes to burning fossil fuels, coal is just one choice on the menu.

*

Thousands of years ago, the people of ancient Mesopotamia used fossil fuels, namely oil, but in a very different way to how it is used today, and without causing much damage to the environment. This land, bordered by the Tigris and Euphrates rivers, includes modern-day Iraq, where oil still seeps out of the ground. In ancient times, people used the thick, sticky oil to waterproof boats, as mortar for buildings, and to set jewels and mosaics. Some people even point to the possible use of oil referenced in the Book of Genesis in the Bible, where it is written that ‘pitch’, an oil product, was used as mortar in the Tower of Babel, and that Noah waterproofed his boat with it. The town of Hit, on the banks of the Euphrates, had seemingly endless supplies of the fossil fuel spewing from the ground.11

Fossil fuels are not inherently bad; it all depends on how they are used and the quantities involved. These early uses of oil were in tiny quantities by today’s standards, and as a glue it had little impact on the environment, as it did not release carbon dioxide into the atmosphere. The big game-changer in fossil fuel use was the invention and improvement of the internal combustion engine in the late 1800s, the type of engine found in a petrol or diesel car. Liquid fuel could suddenly propel huge metal vehicles over long distances, and its use expanded rapidly from a very basic domestic context to a global one. At the time, these were positive developments for society, improving living standards and enabling greater mobility. Little was known about the impacts of emitting invisible greenhouse gases into the atmosphere, and the motor car quickly became a fashionable mode of transport, with numbers skyrocketing from a few million cars produced every year in the first half of the 1900s, to over fifty-five million a year by 2000 – a dramatic rise by any measure.12

These cars were hungry for fuel, satiated by petroleum extracted from underground reservoirs. When I first thought about one of these reservoirs, I imagined an underground cavern filled with a black liquid, but this is not a realistic image. The substance is actually stored in the tiny micropores of rocks, in a similar way to how a sponge holds water. The oil extracted is often referred to as ‘crude oil’ and is made up of many different hydrocarbons; as the word suggests, these are chemical compounds composed of hydrogen and carbon. You can visualise these tiny molecules as carbon atoms holding hands, joined together in a chain, with the hydrogen atoms clinging on around the outside. Crude oil is a cocktail of hydrocarbons, varying by the length and shape of the carbon chain and surrounding hydrogen atoms. Hydrocarbons with a short carbon chain weigh less, and hence have different properties compared to heavier molecules with a longer carbon chain. Natural gases have very short carbon chains, so they exist as gas at room temperature, whereas the thick, sticky oil used by ancient Mesopotamians (and Noah to waterproof his boat) would have been made up of long carbon chains.

By separating the crude oil into its various types of hydrocarbons, the best use can be made of the properties of each. But before hydrocarbons can become useful, they have to be found and cleaned up. In the case of natural gas, ‘cleaning up’ means removing any liquids and other unwanted substances. For oil, things are a bit more complicated. Crude oil is sent to a refinery, where the distillation process takes place to separate it into its constituent parts, separating fluids based on their boiling temperature. Lighter hydrocarbons, with fewer carbon atoms, have a lower boiling point than heavier ones, so lower temperatures are needed to turn them into a gas. If a concoction of crude oil is heated, the smaller hydrocarbons will boil off first. Further along the process, the boiled-off gases are cooled and forced to condense into a tray. This is repeated with the slightly heavier hydrocarbons; they boil off at a slightly higher temperature, and condense into a different tray, and so on until only the heaviest hydrocarbons with the longest carbon chains remain in the mixture.

These different liquids, or ‘fractions’ as they are known, then get distributed for different uses. Heavy oils are often used to make asphalt – this sticky, black semi-solid material has applications in building roads, its sticky qualities allowing it to glue together the small pieces of stone that make up the road. And, just as the people of ancient Mesopotamia did, it can also be painted onto surfaces, such as the flat roof of a house, to waterproof them. Heavy oils can also be used as fuel for ships, or to generate electricity in power stations. As the carbon chain gets shorter, lighter fractions like kerosene are used as jet fuel for planes. Lighter oils still, like gasoline and naphtha, are used for car fuel or are processed by the chemicals industry into products like plastics. Since these lighter fractions are more useful to us as a society, nowadays much of the heavy oil is broken down into shorter hydrocarbon chains – an energy-intensive process that adds to the carbon footprint of refineries.

But before getting to the stage where we can turn the oil into useful things, the first challenge is to find oil and gas, physically get to it, and extract it.

*

Deep, deep down, in the ground below your feet, oil and gas reserves hide in rock formations. Geologists and geophysicists can map the inside of the Earth with a variety of scientific tricks in order to find these reserves, like a high-stakes treasure hunt. Techniques like seismic reflections – firing seismic waves into the earth and interpreting the reflections that return – are used to create a 3D internal picture, which then allows us to predict the location of oil and gas reserves. But the predictions are just predictions, and the only way to confirm the presence of the substance is to do exploration drilling into the earth, hoping that oil and gas will flow out like a fresh spring in a desert.

This might be the last place you’d expect to find glittering jewels, but diamonds, as the hardest known naturally occurring material on Earth, are critical for drilling. Diamond suppliers provide the (often synthetic) stones for the drill bits used to cut through the layers of rock. If exploration drilling is successful – in other words, if enough oil or gas is found – the next step is to figure out how to actually get the oil or gas out of there. Early on in my career, this was one of my jobs – I was part of a team tasked with figuring out how to get to a pocket of gas that was trapped in rock about three kilometres below the seabed, fifty kilometres off the east coast of England, in an area of the sea with a water depth of fifty-four metres.

While I found my job fascinating and unique, there was always a quiet voice in my head challenging me to think about the morality of it all – the wars petroleum has fuelled, the environmental impacts, and the growing concerns around carbon dioxide emissions and climate change. But I reasoned with the voice for several years, justifying my work with the argument that the world relies on oil and gas. I used it all the time to travel and to stay warm, so I could definitely see and feel its benefits. Someone had to source it, so why not me?

I immersed myself in the technical detail and the company of my knowledgeable colleagues. I learned about the gas journey – from deep underground, under oceans, into pipelines that carry the fluid to a platform, and eventually into other pipes that snake their way back to land along the seabed, and then to an oil or gas processing facility on land and beyond. Every detail had to be designed and sized based on the properties of the particular oil or gas field – a bit like designing a bespoke suit. What shape and size is the person? What will the weather be like when they wear the suit? How long does the outfit need to last?

Despite the background guilt I felt, my years in oil and gas did train me well for a future career in more sustainable energy production. Many of the skills are transferable, from general technical project management, to knowing the ins and outs of operating a platform in the North Sea – it would be useful information for running an offshore wind farm, for example, if I ever work in that sector. The same applies to other fossil fuel jobs – just as Lynemouth coal-fired power station switched to biomass, so too did the people who worked there. Alongside the useful skills I got from oil and gas, I also experienced living in one of the most unique environments on Earth.

My first trip offshore felt like visiting another planet. I checked in for the flight at a heliport just outside a small seaside town in Norfolk. I was handed a flight survival suit to put on, and eventually managed to get the appropriate parts of my body into the correct locations of the suit, zipping it up to secure myself in. I sat nervously in a flimsy plastic chair alongside my fellow passengers to watch the pre-flight safety video.

The closest I’d got to anything akin to a helicopter before was during the survival training in a swimming pool – I’d never actually been in the air. I filed out of the waiting area, alongside the twelve or so other passengers, and onto the aircraft. With my ear defenders on, the engine started, and the rotors started to woosh around above me, creating a huge roar. I watched the buildings below get smaller as we headed east. The journey was only forty-five minutes, but it took me to a different world.

My new home offshore was a small rectangular metal structure about eighty kilometres off the coast of the UK. It took me about 130 steps to get from one end to the other. As I stepped off the helicopter onto the platform’s green helipad, I was greeted by large white capital letters painted on the helipad telling me I was on BABBAGE. The name of the gas field, which I had seen on paper and heard in the office many times, would have been chosen by the geologists or drilling team who discovered it. I was surrounded by endless water, with no land in sight. The metal platform had four floors, with the helideck perched on top. Each of those floors was made from blocks of grating, which meant if you looked down, you could see through the floors, all the way to the sea. I felt strangely secure atop this impressive structure, though I can’t say I recommend it for those who are afraid of heights.

I spent the next four days living with nine men on this postage stamp in the middle of the sea. It took a full and slow day for them to adjust to my presence, but they realised I was a normal human being, and accepted me as a colleague. Being a female engineer is uncommon in the places I have worked, so a woman turning up on the platform was a relatively rare occurrence. I bombarded them with questions about the platform, how the equipment worked, how controls systems worked, and how they maintained and operated it all. In return, they indulged me with detailed answers.

I was also curious about the lifestyle for oil and gas platform workers. These men spent two weeks on the platform, followed by two weeks back on land, rotating their time at home and offshore month after month, year after year. They often missed their children’s birthdays, family Christmases, and other life events that were happening on land, which worked well for some, but less so for others. One of the men was on his sixth marriage. As well as being difficult in terms of home life, the two weeks offshore are full-on. It is a twelve-hour working day, and there is not a lot to do in the evenings, aside from watching films, playing Monopoly, and enjoying whatever the chef has prepared for dinner before heading to sleep in the boat-cabin-like accommodation. By my last day living in this intense situation, I had built a bond with the group, and my later trips to the platform, once every few months, felt to me like visiting family.

Many people mistakenly use the terms ‘rig’ and ‘platform’ interchangeably. The word ‘rig’ refers to a drilling rig – a special structure that drills wells. They come in different shapes and sizes, but the most common in the offshore environment is a jack-up rig. This structure floats along the water to its desired drilling location. Once it arrives, huge ‘legs’ at each corner of the rig descend into the water like a three-legged, overgrown spider, until they hit the seabed, elevating the platform and equipment above the water level and providing a flat, stable surface to drill from. The mechanics of it is much like a jack that you use to lift a car when changing a tyre. Once a well has been drilled, it is temporarily plugged, like a cork in a bottle, to stop any oil or gas escaping.

A platform is then installed in place, connected to the well, and the plugs are removed by drilling through them to allow the gas to flow and get piped back to shore. When a drilling rig has finished its work, the legs return to their original position, and the rig floats along to its next drilling job, carrying with it the people who work on it. At the moment, around the world, there are about 1,000 drilling rigs, most commonly found in the North Sea and the Gulf of Mexico.13

Platforms, like the one I stayed on, permanently sit over the top of oil or gas wells and act as the receiver of the substance, carrying out some preliminary processing. On the platform I visited, it was a relatively simple operation. Three gas wells produced gas, mixed up with small amounts of liquid, like water or oil. That liquid was separated out from the gas, which was then sent in a pipeline, running along the seabed, to an onshore gas-processing terminal.

The gas wells I was working on had been hydraulically fractured, or fracked. Fracking is the somewhat controversial process of injecting high-pressure freshwater to fracture the rock formations containing the gas, followed by an injection of sand-like particles to hold the fractures open. Normally, drilling a hole into an oil- or gas-containing rock formation creates an easy path by which the substance, which is under high pressure, can escape. It’s a bit like shaking up a can of a fizzy drink then opening it; the liquid suddenly has a route out, to release the pressure. But in some cases, the natural pores in the rock are too small to let the oil or gas escape. To coax it out, the rock is hydraulically fractured to increase the size of the pores and let the gas flow out. Very simply, this means breaking (fracturing) the rock by using the force from high-pressure water (hydraulics).

Most people have come across contentious cases of fracking done on land, but its offshore cousin gets little attention by comparison. As my time in the oil and gas industry ticked on, I grappled with my own conflicting views. On the one hand, fracking allows humans to access hard-to-reach oil and gas resources, and has contributed significantly to the US’s energy security, enabling the country to rely more on its own resources than imports. But fracking comes with a high environmental cost. Many environmentalists highlight the large amounts of fresh water needed for fracking and the toxicity of the fracking fluids as a major concern, alongside the earth tremors that can result from the operation.

For me, climate change is the strongest case against fracking for oil and gas. Some argue that access to abundant natural gas could act as an incentive to switch from coal-fired to gas-fired electricity generation, which has the potential to halve carbon dioxide emissions per unit of electricity produced. While this might seem like a net positive, it is nowhere near drastic enough to combat the reality of climate change. Hydrocarbons are ultimately better off being left in the ground.

Shortly after visiting the Babbage platform, with my ethical concerns pushed deep down, I joined the hydraulic fracking team. There were plans to bring in a drilling rig to drill two more wells in the field, to increase gas production, and these wells also had to be hydraulically fractured. Some pretty serious equipment is needed for fracking, which is taken to the site by boat. Similar to a drilling rig, these boats are operated by specialist companies, who travel from location to location around the world to carry out hydraulic fracturing jobs. I was aboard the Big Orange XVIII, which didn’t quite live up to its name; it was about eighty metres long (so not that big) and it was blue. The plan was for the Big Orange to get as close to the platform as possible, slotting in almost underneath it, and then we’d hook up a hose from the boat to the platform. From there, the crew on the platform would attach the hose into the top of the well, and my boat crew would start pumping fresh water and sand into the well until we detected the rock fracturing. The hose was huge, wound tightly around a reel several times my height. Getting it from the boat to the platform was a complicated operation in itself, carefully planned. The hose was cradled into a lifting sling, and the platform’s crane operator deftly lowered the crane arm down to the boat, allowing the boat crew to hook the lifting sling onto the end of the crane arm.

But before the boat could do its fracking job, two other things had to be done: putting in a plug above the previous set of fractures already in place, then puncturing holes in the metal tube lining the well. These are two simple steps on paper, but the jobs are complicated and risky, with impeccable co-ordination needed between the platform and boat crews. Since all of this was taking place deep underground, away from the eyes of the engineers, there was a lot of potential for things to go wrong. As small issues unfolded, the two-day job turned into two weeks of mostly waiting for the platform crew to complete their jobs.

So we waited. The boat had limited internet access and entertainment options. For someone as impatient as me, it was tough to be stuck on a small boat in the middle of the sea for much longer than anticipated. I eventually came to terms with it and got into a routine of learning hydraulic fracturing calculations, writing daily technical reports, binge-watching Boardwalk Empire, and braving the tiny gym aboard. Running on a treadmill while simultaneously being gently rocked by the water was a strange, somehow soothing feeling. When the kitchen ran out of milk, we had to get creative with what to put on our breakfast cereal; I opted for mango juice, while a colleague went for ice cream (I wouldn’t recommend either). As supplies dwindled, the captain decided it was time to take the boat to land to restock. I milled around on the deck, waiting to catch a glimpse of land; the sea was calm, the sky was blue, and the sun was setting over the horizon as we sailed past an offshore wind farm. The turbine blades turned silently and slowly, looking down on me accusingly and filling me with a sense of guilt.

Finally, in the dead of night, our boat team got the go-ahead to hook up to the platform, and our job in the long chain of events kicked off. We worked through the night, and I remember admiring how experienced the team was, and how well they worked together. Max, a Dutch engineer with dark hair flopping over his face, was in charge. I watched as he calmly studied the pressure climbing on a graph on his monitor as water was pumped into the well. As soon as he detected the rock fracturing from the squiggles on the screen, he issued the command to stop pumping. A slurry of gel and sand had been preprepared and tested by the chemist in the tiny boat lab. Max issued another command to start pumping the slurry into the well, using a fine balance of his past experience and our calculations to make the decision on when to stop pumping.

The gas could then finally escape from the rocks in which it had been confined for millions of years. From there, it travelled up to the platform, and back to land, where it went on to be used to power normal, daily lives. Perhaps it heated a home, or cooked a meal, or generated electricity so a switch could be flicked to turn on an appliance, the end user oblivious to its complicated journey and the amount of effort that went into getting that supply of energy to them.

*

It may seem extreme to go to these lengths just to get fossil fuels out of the ground, but these energy-dense substances have a vast array of uses, and we have all become painfully reliant on them. Even with the best of intentions, it’s virtually impossible to get through a day of modern life without benefiting, in some way, from fossil fuels. They are everywhere. You are probably wearing or using something that has oil-derived materials in it right now. Synthetic materials, lubricants and fertilisers normally contain oil-derived substances. Plastics, used for food storage, have helped to cut food waste. Until we all decide to give up these products, or find alternative ways of manufacturing them, the future of humans is deeply intertwined with oil and gas.

One of the largest oil users is transport, so if we want to wean ourselves off fossil fuels, we need alternatives to get us around the world with the same ease we are used to. Fossil fuels are used to generate electricity, which could be replaced with renewable generation – but electricity only meets about a fifth of the world’s energy needs, as it is not yet used directly for transport and other things like powering industrial processes.

My own life will always be linked to oil, the substance that has determined the fate of the Iraqi nation and its inhabitants. I find it fascinating to look at how and why different nations have dealt with their resources. Norway, another oil-rich country, set up a national wealth fund for its citizens so that profits from drilling for oil benefit everyone, while Iraq, on the other end of the scale, has been plagued by corruption for as long as I can remember. I often wonder what my life would have been like if Iraq did not have oil.

In a strange twist, Farouk al-Kasim, an Iraqi petroleum geologist who moved to Norway in the 1960s, is credited with playing an important role in setting up Norway’s forward-looking oil and gas policies. It was never his intention to play this part; he and his Norwegian wife moved to Norway to seek better medical care for their son, who was born with cerebral palsy. Al-Kasim was quickly hired by Norway’s Ministry of Industry, at the very beginning of Norway’s oil discoveries, and he was instrumental in the government’s decision to set up a national oil company, and the careful planning that took place to make sure the oil industry benefited Norwegian citizens.14 Al-Kasim and the Norwegians showed that there is always a better choice that can be made; there could have been a better story for the rest of the world.

It is now, of course, very well known that the use of fossil fuels releases greenhouse gases into the atmosphere, leading to harmful climate change. Fossil fuels are carbon-based, so when they are combusted, they react with the oxygen in the air. Each carbon atom clings to two oxygen atoms in the air, forming carbon dioxide or CO2, a greenhouse gas. Methane, which is a major component of natural gas, is about thirty times as potent as carbon dioxide as a heat-trapping gas when viewed over a hundred-year period. Over a shorter timescale, it has an even higher global warming potential, so any methane leaking from oil and gas production operations has an immediate harmful impact on the environment. Looking at a graph of these emissions into the atmosphere over time, you do not need a science degree to spot the enormous rise that coincides with the onset of the Industrial Revolution and the increase in the use of coal, followed by oil and gas.

All of the coal, oil and gas infrastructure will come to an end eventually, and ultimately, the world will run out of fossil fuels. It might take fifty years; it might take 200. But at some point, this resource will end. Oil and gas are finite resources because they take millions of years to form. They cannot regenerate as quickly as they are currently being used up. But it is up to us how soon, and in what ways, we turn away from fossil fuels. As a society, we now have a conscious decision to make between continuing to use fossil fuels, with the knowledge that they harm the environment, or leaving the reserves in their place and finding alternative, renewable sources of energy. Perhaps it is time to say thank you to these dead creatures, who have fuelled our society for generations, and allow them to rest in peace as we continue our quest for better, cleaner energy.





Chapter 10

Industry

IN MY MID-TWENTIES, I relocated to Istanbul for six months as the large utility company I worked for was expanding into the Turkish energy market. The company employed more than 10,000 people in many other countries, so our brand-new tiny team of five people, alongside the brand-new location, was a bit of an adventure for me. When I agreed to move, I was excited by the prospect of being in a new place and part of something so unique; but I underestimated how tough it would be to pack up and move to a new country. I didn’t speak the language, and I didn’t know a single person in Istanbul. But eventually, I found a way to bond with people through a different means; even though many of us didn’t share the same language or culture, I was able to form relationships with new people over a shared love of food.

One breezy autumn day, a few months after I had first moved, I found myself hurrying along a jetty to board a boat to take me across the Bosporus, a narrow strait that connects the east and west of Istanbul. I was dreaming of the delights that awaited me on the other side: bright red pomegranates mixed in with deep green parsley, olive oil meandering over the smooth surface of mashed-up chickpeas, deep purple charred aubergines, and simultaneously soft and crispy breads. It had taken me a few long weeks, but eventually I’d managed to befriend a British architect whose company shared the same office floor with mine. Through him, I met a teacher from New Zealand, and a raft of others whom I would get to know over the course of my time in Istanbul. As well as sharing the fact that we were all outsiders, we also ate many meals together, the food giving us a common experience to bond over.

On this particular day, I was on my way to meet my new-found group of friends at Çiya, a homely restaurant that turned seasonal ingredients into delightful, mouth-watering dishes. Çiya’s cooks proudly make use of local produce, so most of the ingredients for the meal we ate that day were grown in the country. Blessed with fertile soils, a warm climate and abundant rainfall, Turkey is a haven for growing a huge range of crops, and claims to be one of the few self-sufficient countries in the world in terms of food. About half of the country consists of agricultural land, and nearly a quarter of the population work in agriculture, making the country’s agricultural economy among the top in the world. Turkey is the world’s top producer of some of my favourite things – apricots and hazelnuts – and they also grow wheat, sugar, tomatoes and other fruits and vegetables.1 If you hang out in the fruit and vegetable aisles of most British supermarkets and read the labels on the packaging, as I like to do, you will find
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