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Introduction

MY FAMILY’S CAR in Baghdad, Iraq, like many others in the city, was a petrol-powered Volkswagen Passat. It was nationally nicknamed the ‘Barazilli’, and its prime feature was that it constantly broke down. It felt as if we spent more time pushing it to get it going again than actually being inside it. The rumour was that a bad batch of Volkswagen Passats manufactured in Brazil (hence the nickname) had made their way to Iraq. For a country with abundant oil and gas resources, the failure of our petrol-powered car, alongside the constant power cuts we experienced, was ironic, to say the least.

Water was also one of many commodities that was not as available as it should have been in the early 1990s in Iraq. A few times a week our house phone would ring. It was a grey, old-style phone with a rotary dial and a coiled cable, and I remember picking it up to hear my aunt’s voice on the other end, telling me, ‘The water is coming on.’ Even at five years old, I knew what to do. I would start filling up jugs of water, before telling my parents that the utility had turned on the water supply. The water supply only came on sporadically, so this was a vital opportunity to get laundry done and fill up the water tanks for drinking, cooking and other daily tasks.

The patchy supply of energy and water makes it sound as if we were living in another era, and certainly not in a country rich in fossil fuels. I blame Iraq’s abundant oil resources, and how they were handled, for my parents’ decision to eventually leave the country. By the early nineties, having lived through multiple wars, they decided that staying in Iraq was not a viable option if they were to raise a family and educate their children for a successful future. They packed up the essentials, got rid of the Barazilli, bundled me and my siblings into another petrol-powered car and drove to neighbouring Jordan. The twelve-hour, 900-kilometre journey was a very long ride into an unknown future, but with air sanctions in place, it was the only option available.

I was seven years old at the time. This was 1994, and it marked the beginning of an unintended four-year Middle East family tour. This included some time in Benghazi in Libya, a short stint in Tunisia and a few years in Amman, Jordan. After attending six different primary schools, I arrived in the UK with my family. All that moving around at a young age made me comfortable with a nomadic lifestyle, and accustomed to change and uncertainty. It also fired up my sense of curiosity about the world around me. As a result of the impact of fossil fuels on my life, it was impossible not to be fascinated by how these resources that come out of the ground impact individual lives for better and for worse.

After several years of living in the UK, I had forgotten about the struggles of the Barazilli, the patchy water supply and the power cuts – like most people, I took the UK’s incredibly reliable energy supply for granted. But the energy industry continued to stitch itself into the fabric of my life – my early experiences must have had an influence, because I chose to study chemical engineering at university.

It was during a summer job at a gas-fired power station that I really woke up to the enormity of the energy sector and decided I wanted to be part of it. After finishing my chemical engineering degree, I started my career by working in fossil fuels – coal- and gas-fired power stations, followed by oil and gas exploration and production. But a nagging feeling and growing realisation that the future of energy lay elsewhere made me take a leap into the energy transition world. After four years of working in energy innovation for the UK government, funding the development of solutions to help the world reduce greenhouse gases and their impact on the planet, I now work in low-carbon hydrogen project development.

As the years of my career rolled by, more evidence of the necessity to harness, move and use energy unfolded before my eyes. No matter where we live on the planet, energy underpins life as we know it. From the moment we are born, we are exposed to artificial lighting powered by electricity and medical equipment manufactured from materials mined using an energy source. As we grow into toddlers, we play with plastic toys made from oil-derived chemicals, and fall asleep to calming nightlights that project tiny stars onto the ceiling, powered by electricity. As adults, we rely on cars, buses or trains to get us to work, and maintain contact with friends and relatives through telecommunications systems that only work because of reliable energy supplies. With these amazing energy sources we can power equipment to purify water and pump it through a maze of pipework, to keep us hydrated and alive. Soaps, toothpastes and bleaches keep us, our teeth and our homes clean, and again are manufactured only because there is an energy supply to enable it. Nitrogen-based fertilisers, made from energy-intensive ammonia, are spread across fields to provide plants with the nutrients they need to grow quickly and feed us.

We rarely think about the system that props up our existence. But there is a vast global network of power stations, gas pipelines, transmission cables and engineers like me quietly working behind the scenes. They make sure there is enough electricity for the lights to turn on instantly when we flick a switch, and a reliable flow of hot water available for that relaxing bath. We grumble if the heating or air conditioning doesn’t work for an hour, underestimating the vast journey society has undertaken to make these services available.

As well as powering our day-to-day lives, the milestones of progress in human civilisation have been marked by our ability to harness and use energy sources. From the very beginning of the human story, we have made use of the sun, which provides the energy needed for plants to grow. We burned wood and organic matter to generate heat for warmth and cooking, as well as manipulating metals into useful tools, propelling society forward, and eventually leading to the Industrial Revolution. Since then, we have become masters at transferring energy from one form to another. Feed in coal, gas or wind at one end and you get electricity at the other, ready to power phones, washing machines, cars and myriad appliances.

It is an impressive journey, but not without mistakes. The way we have used and abused fossil fuels – our society’s wastefulness of resources and our desire to own the latest clothes, cars and gadgets – is releasing greenhouse gases into the atmosphere, causing damage to the environment. If we truly want to understand the challenges we face with climate change, we first need to understand the energy system from the bottom up.

In this book, I hope to show you a complete picture, from the intricate detail of pipelines being welded together to the colossal ships moving vast quantities of liquefied natural gas around the oceans, and from the large-scale energy consumption of our manufacturing industries to the small but powerful actions individuals and communities are taking. We will move through the energy system from start to finish, beginning with the raw resources we can harness for energy (in other words, how we get energy), to how we move energy around the globe from original source to end user, and finally how we use that energy, from transport to food production. However, this book can’t cover every single corner of this vast global system, and so the journey we go on will be told through stories of my own adventures, as well as those of others from the past and the present, to give an overall picture of how these feats of science and engineering interact with real lives, including my own.

Getting hold of energy can be done in many different ways. Methods have shifted over the years, and right now we are transitioning from fossil fuels to renewables. Extracting the fossil fuels on which we so heavily rely – coal, oil and gas – has evolved into using drilling rigs and constructing platforms in the middle of the sea, requiring the use of helicopters and boats; an industry with a rich history. Another historically significant energy resource is nuclear power, which started out as a weapon but morphed into a low-emission energy source. Luckily for humans, there is plenty of energy hitting the Earth from the sun; not only is this responsible for the coal, oil and gas reserves we rely on, but also some of our renewable energy sources. Over time, we have learned to harness these resources by converting them into heat, light, movement and electricity.

Once we get these resources and convert them into a useful form, they need to be moved from the point where they are converted to the point where they get used. Oil can be extracted from a well in the Saudi Arabian desert, but it then has to travel through a pipeline to a refinery to be processed, before traversing the ocean in huge oil ships, then being poured into the cylindrical drum of a truck in order to reach  a remote petrol station and fill up the pumps. Only then can you fill up a car with petrol. Likewise, natural gas flows through pipelines snaking along the seabed, then criss-crosses its way through overground and underground pipes to get to a gas hob before you can cook a meal.

The electricity that powers our lights and laptops, however, is tricky. Unlike oil and gas, it’s not easy to store. This means electricity demand and supply has to be carefully matched, second by second. Storing electricity to use later, by taking advantage of chemical reactions in batteries or in pumped hydropower stations, means more electricity from renewables like wind and solar can be used.

Once the energy is in the form we want it, and we’ve moved it to where it needs to be, there are many different types of end users. The largest consumers of energy are the heating and cooling of homes, the manufacturing of products and the transporting of people and goods. Huge amounts of energy are used to heat and cool our environments, and as summers get hotter, air conditioning will become more essential – consuming more electricity and potentially exacerbating greenhouse gas emissions. This highlights the urgent need for renewable electricity, and alternative home designs and technologies for cooling. Industry makes the stuff we use, directly and indirectly. For example, fertiliser is needed to grow food – and fertiliser relies on the manufacture of ammonia, which consumes large amounts of energy. Steel, cement and glass are the main ingredients of our built environment, and producing these materials uses up (you guessed it) lots of energy.

Cars, buses, trains, planes and ships guzzle fuel to get us around and to transport the things we want and need from one place to another. The birth of the internal combustion engine is very closely linked to the enormous rise in oil consumption that the globe has seen over the past hundred years or so; it will take a huge cultural shift to change this. Likewise, international travel is becoming a staple of many lives, bringing different people and cultures together, but planes release greenhouse gases, damaging the planet – another area where low-carbon alternatives are urgently needed. We see a similar story in shipping, with fragile island nations like the Marshall Islands being most at risk from climate change yet still reliant upon fossil fuel-powered boats to travel between the islands.

The world is a completely different place today compared to the days of the Industrial Revolution. Nowadays, energy also enables the digital revolution, a major turning point for our society. The internet, vital for everyday activities, relies on an enormous energy supply, as does our use of smartphones and laptops. And in the future, as our lives become increasingly dependent on and intertwined with digital technologies like artificial intelligence, reliable energy supplies will become ever more crucial for everything from medical procedures to security systems.

But beyond these big systemic building blocks and the technical engineering involved, the energy industry is underpinned by people – none of this would be possible without them, and they will be the ones to implement any changes. It is not a faceless monolith, even though that can be how it comes across at times. I am one of those people making this global network a well-oiled machine, allowing you to effortlessly turn on lights, cook your food, travel across the globe, stay warm when it’s snowing and cool when it’s baking hot, use a computer, and all the countless other conveniences that these days we just couldn’t live without.

*

Climate change is primarily an energy problem. It has come about because of the vast quantities of greenhouse gases entering the atmosphere – as a global population, we emit somewhere in the region of 50 billion tonnes of these gases each year, up from less than 10 billion tonnes per year before 1900.1 Aside from about a fifth of this number, which comes from agriculture, the rest is tied to how we consume energy, so there is a strong link between energy use and greenhouse gas emissions.

Just as my own career has transitioned from fossil fuels to more sustainable sources, as a society we are experiencing a moment of transition for the energy sector as a whole – turning away from fossil fuels and asking what is next. How can we better support our modern way of life without further damaging the planet? How can we move energy from where it is produced to where it is used with a lower carbon footprint? And how is it best to use it at the other end? Complicating matters somewhat, this vital transition is taking place against the backdrop of an energy crisis caused by a complex mix of factors, affecting people across the world. There are deep economic, social and political issues behind this, and I am not aiming to analyse the causes of the recent energy crisis, but I think it is important to understand the energy system itself to help people start to unpick some of these issues. Where does our energy come from? How is it moved around the globe? Who uses it and how? And what are the alternatives for the future?

One of the challenges for the energy transition is the legacy of the existing infrastructure. We are not starting with a blank page and designing a perfect system. We can’t knock it down and start from scratch. It is like moving into a new home and making it your own – you can make some changes but you will ultimately be limited by the existing foundations and structures. Because of the existing system, switching is not so simple. It is not a case of turning off all fossil fuels one day and turning on renewables the next. The interconnected nature of the energy system – how an issue on one side of the world can ripple across the globe – adds yet more complexity to this task. But it is possible to work with the existing system, taking advantage of the features, rather than against it.

You might be wondering how we got to this point in the first place, where our lives rely so heavily on such polluting energy sources. Humans knew about fossil fuels as long ago as Ancient Mesopotamia (an area that now includes modern-day Iraq) 4,000 years ago, but it is only since the Industrial Revolution in the 1700s and 1800s that the intensive use of fossil fuels has led us down a path of dependency. Fossil fuels, mainly coal, powered the Industrial Revolution, but were there other options? Events can unfold in many different ways; there were many different routes we could have taken during the twists and turns of the development of the energy system. Perhaps, in a parallel universe, the Industrial Revolution could have been powered by the sun, or even nuclear fusion energy, if certain scientific breakthroughs had happened much earlier. If that had been the case, maybe today we would be dealing with a raft of different challenges other than climate change.

As the energy system grew, so did the fundamentals needed to understand it. When I talk about energy, I mean it in an all-encompassing way. I am thinking about the energy we use to go about our daily lives. This includes electricity, heating, transport and industrial energy uses. In my experience, conversations about energy are often reduced to electricity supplies, but electricity only represents about one-fifth of the energy used globally.

The world of energy is filled with an expansive list of confusing units – kilowatt hours, therms, British Thermal Units, barrels of oil equivalent, and so on. Going back to the most basic definition of energy is a good place to start to untangle these terms. In physics, energy is defined via ‘work’ – this is the energy that is transferred when a force acts on an object, moving or displacing it. For example, I pick up an apple, transferring some of the chemical energy I have stored in my body from the food I eat into kinetic energy to take the apple from table height up to my face. The unit for measuring work is the joule, named after the English physicist James Prescott Joule. It is a way of expressing the amount of energy needed to perform a task – if the apple weighs 100 grams, and I want to lift it up by one metre, I will need approximately one joule of energy. If you’re making a cup of tea, you need to put in some energy to raise the temperature of the water – about one joule to raise each gram of water by 0.24 degrees Celsius. So, the joule measures the amount of energy.

While measuring energy is useful, it is also important to have a unit to measure power – the rate at which the work is performed. The most fundamental units for this are joules per second, or watts, named after the Scottish inventor James Watt. Think of a tap filling a bath. The rate at which the water is flowing out of the tap into the bath is comparable to the watts, and the amount of water in the bath is comparable to the joules. A watt is a relatively small amount of energy. To put it into perspective, a typical kettle will consume around 3,000 watts, or 3,000 joules every second. There are millions of kettles and other appliances, so the numbers get huge very quickly. A large coal-fired power station will have a capacity of 5,000,000,000 watts. This number is difficult to work with, which is why we divide it by a thousand to get to 5,000,000 kilowatts (kW), and then divide again by a thousand to get to 5,000 megawatts (MW), and by another thousand to get five gigawatts (GW). To put it another way, this power station can generate five gigajoules of energy every second. So how much does it generate in one hour?

This is where the kilowatt hour, the unit commonly found on many electricity and gas bills, comes in. It is made up of the power in kilowatts multiplied by the amount of time in hours. So, if you leave the 3,000-watt (or three-kilowatt) kettle on for an hour, it will consume three kilowatt hours. If the kettle is left running for five hours, it will consume fifteen kilowatt hours, and so on. Returning to the running bath idea, a kilowatt hour is comparable to the volume of water in the bath after running the tap for a defined amount of time. It is useful for engineers to flip back and forth between these units, depending on the tasks at hand and scale needed.

Armed with an understanding of the units, we can now follow the journey of energy, starting with the resources. The most important rule to remember is that energy cannot be created or destroyed, it can only be converted from one form to another. This is the First Law of Thermodynamics, and it comes into play when thinking about the ‘primary’ energy supply versus energy consumption. The energy contained in a kilogram of coal is the primary energy, but by the time that coal is converted into something useful like electricity, more than half of its energy is wasted, so the final consumption number is lower.

In 2022, the world’s primary energy – that is, the energy resources we started with before converting them to other forms – was just over 168,000,000 gigawatt hours.2 For context, the largest solar farms in the world today, like India’s Bhadla Solar Park, can generate somewhere in the region of 4,000 gigawatt hours in one year. Between primary energy and final consumption by end users, about 30% of that massive number is lost – this is because of inefficiencies in converting one form of energy into another, or inefficiencies in petrol engines in cars, or losses of electricity in the form of heat as it travels along cables. There are many examples of this leaky energy system, but it is well known and scientists and engineers account for it and try to reduce losses as far as possible.

Early on in my career, I was not able to join the dots of the vast global energy systems, which form an organism that crosses borders and connects cultures. While my wider experience in the energy sector means I feel more equipped to do this nowadays, there is still a lot for me to uncover, and much that I discovered when writing this book. I have done my best to include a diverse range of people, places and technologies from across the globe – from the liquified natural gas ship captain in the South China Sea, to Australian citizens embracing rooftop solar, and the battery system powering a home in the wilds of Canada. But these stories are by no means exhaustive – our global energy system is far too vast for me to cover in its entirety. This is a snippet in time and a view backstage of the energy sector at a key moment of change.

My experiences over the past years, the places I have visited, and, most importantly, the people I have met, have made me realise that energy is the basis of our society. We all rely on it every moment of every day. As you read on, I hope you can look over my shoulder as I share these experiences, and see the bigger picture of this hidden world: society’s quest for energy resources, and how it has driven our development on this planet. Wherever we are in the world, we all live under one sun, with the same limited resources at our disposal on a global level. How we choose to use these resources will determine the path of our planet and its people into the future.
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