



[image: cover]











Praise for The Hydrogen Revolution


 


‘Engaging, authoritative and very timely. Marco Alverà spells Hydrogen’s critical role as an energy store in the clean power transition.’


Mike Berners-Lee


 


‘To achieve the climate goals from the Paris Agreement, we need a wholesale transformation of our energy system. This book sets out compellingly the role that Hydrogen plays in this transformation and is an important contribution to advance the energy transition.’ 


Mark Carney


 


‘An engaging and insightful overview of the tiny molecule that could revolutionise climate action. Like hydrogen itself, Marco Alverà is a superb connector – of ideas, approaches and practical, positive solutions.’ 


Dr Gabrielle Walker


 


‘In this excellently-written and engaging book, Marco Alverà sets out an attractive vision for a hydrogen-fuelled future.’ 


Myles Allen


Director of Oxford Net Zero


Coordinating Lead Author of the IPCC


 2018 Special Report on 1.5°C


 


‘An invaluable explainer on hydrogen – a key to us achieving net zero . . . an urgent rallying call for action, a call policy-makers across the globe need to heed.’ 


Peter Mandelson


 


‘This book presents a vision for the future based on hydrogen and renewables that is clear, grounded and hopeful.’ 


Francesco La Camera


Director General of IRENA


‘This book offers clear and thought-provoking ideas about the future of hydrogen. It can help inform the conversation on how to enable hydrogen to play an important role in global clean energy transitions.’ 


Dr Fatih Birol


IEA Executive Director


 


‘A comprehensive and comprehensible vision for hydrogen from a top business leader.’ 


Jonathan Stern,


Oxford Institute for Energy Studies


 


‘A comprehensive and up to date piece of work on the compelling reality and value proposition of green hydrogen to decarbonize the hard to abate sectors . . . a must read for all.’ 


Paddy Padmanathan


CEO of ACWA Power


 


‘Marco Alverà paints a vibrant and achievable vision for green hydrogen’s role in the transition towards a sustainable global energy system.’ 


Jules Kortenhorst


CEO of RMI


 


 


‘Hydrogen will undoubtedly play a crucial role in tomorrow’s zero carbon economy and few people have thought more deeply about that role than Marco Alverà. In this insightful and powerfully argued book he sets out not only the feasible and attractive vision of an economy dominated by electricity and hydrogen, but the practical steps we must now take to speed progress towards that end.’ 


Lord Adair Turner


Chair of the Energy Transitions Commission










About the Author


 


Marco Alverà is CEO of Snam, Europe’s largest gas infrastructure company. Snam’s pipelines now carry natural gas, but will soon also carry hydrogen.


 


Marco was born in New York and brought up between the US, Italy and the UK. He read Philosophy and Economics at the London School of Economics and worked for Goldman Sachs, the investment bank, Enel, the world’s largest renewable-energy company, and oil & gas major Eni, before moving to Snam.


 


Alongside his work on energy, Marco is a non-executive Director of S&P Global, a board member of the Giorgio Cini Foundation in Venice and the Italian Institute for International Political Studies (ISPI) and a Visiting Fellow of the University of Oxford. He also co-founded the Kenta Foundation, named after his feisty grandmother, which promotes gender balance and fights educational poverty.


 


In his 20 years in the industry, Marco has explored every aspect of energy. He’s produced, traded, transported and sold it, in the forms of oil, gas and electricity. He is uniquely positioned to make the case for hydrogen’s role in our clean energy future.










The Hydrogen Revolution


 


 


A blueprint for the future of clean energy


 


 


Marco Alvera


 


 


 


 


 


 


 


[image: HODDERstudio_full_LOGO]


 


www.hodder-studio.com










First published in Great Britain in 2021 by Hodder Studio


An Hachette UK company


 


Copyright © Marco Alverà 2021


 


The right of Marco Alverà to be identified as the Author of the Work has been asserted by him in accordance with the Copyright, Designs and Patents Act 1988.


 


Cover design © Keenan


 


All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means without the prior written permission of the publisher, nor be otherwise circulated in any form of binding or cover other than that in which it is published and without a similar condition being imposed on the subsequent purchaser.


 


A CIP catalogue record for this title is available from the British Library


 


Hardback ISBN 9781529360271


eBook ISBN 9781529360301


 


Hodder & Stoughton Ltd


Carmelite House


50 Victoria Embankment


London EC4Y 0DZ


 


www.hodder-studio.com










To Lipsi and Greta who are made of starstuff










INTRODUCTION


We’re in Venice, in the year 2050. It is the thirty-fifth anniversary of the Paris Agreement,1 and it is a celebration. The spectre of climate change is finally exorcised. Global temperatures have started to stabilise, and we are set to feel the first refreshing drafts of global cooling. Rainforests and reefs survive – as does this beautiful city. Wildlife that was threatened is now returning.


We can trade, prosper and travel while respecting the equilibrium of our planet.


It isn’t just our lighting and our electric vehicles that are totally green. Everything is. We use green fertilisers to grow our food. Our homes are connected to a green energy grid and produce, exchange and store their own clean energy. Ultralight vertical taxis bunny-hop over traffic jams. Long-haul aeroplanes leave contrails of ice in the sky. Boats, trucks, and buses glide noiselessly, no longer belching out CO2 and fumes but emitting pure water vapour. The particles and pollutants that clogged up our cities and our airways are a thing of the past.


And all this because we are harnessing the power of the sun and the wind directly, and transforming it into hydrogen.


We are piping the desert sunlight and the ocean winds into our homes. Europe imports solar energy from North Africa and the Middle East, driving prosperity in the region. Australia harvests the strongest sunshine on Earth, then ships it to Japan on boats. China and India use Mongolian wind and Rajasthani sun to tackle the twin problems of air pollution and carbon emissions. The cost of energy is continuing to fall for everyone, helping to fuel economic growth and development around the world and create millions of jobs.


That’s the dream.


Now let’s return to reality.


 


Our efforts to solve climate change are way off track: 2020 was the second-warmest year on record, trailing only 2019. If we hadn’t had Covid-19, 2020 would be remembered for the Australian bushfire disaster, which killed thirty-four people and more than three billion animals, and for the unprecedented wildfires in Brazil and California.


Climate change is also striking home for me, because I come from Venice. My hometown, ravaged by catastrophic flooding in 2019, has become a symbol of all that we have to lose from climate change and rising sea levels. Venice is not alone. Coastal areas around the world are threatened by rising sea levels. Cities are spending billions on flood defences. Extreme weather events cause untold damage to people, animals and livelihoods. Rising temperatures are threatening to make parts of the globe virtually uninhabitable.


I’ve long been concerned about climate change, but pessimistic about our chances of avoiding catastrophe. I was exposed to a healthy dose of climate science relatively early in my career as an energy executive, during a hike up a Norwegian mountain with climate strategist and author Gabrielle Walker. As we huffed and puffed (well, me mainly), Gabrielle explained how there was mounting scientific evidence that we were headed for disaster. It wasn’t just a topic we should engage with intellectually, she argued. If there was even a chance the climate advocates were right, the risks were so great that we needed to do something about it now. It was like a Pascal’s WagerFN1 of energy.


She was right, of course, and it was the wake-up call I needed. I started to educate myself about climate change, and soon recognised that we were in very grave danger indeed. And then my daughters were born; since then, when I read about the predicted effects of unrestrained warming in 2100, I think about what it might mean for them and their generation.


 


The more engaged I became, the more my concern grew. I could see what fossil fuels were doing to the planet. What I couldn’t see was how we could stop relying on them to power our industry, our travel and our trade. Yes, renewable electricity was making great strides, but electricity only accounts for 20% of our energy use. Even if we cleaned all of that up completely, using the sun and wind to generate clean electrons, we would still have the other 80% of the energy system to worry about. That’s the energy we use in transport, industry and heating, which today rely mainly on molecules from coal, oil and natural gas.


We can switch some of those end-uses from molecules to electricity, of course. That’s what we are trying to do with electric vehicles, and electric heating for the home. But there’s a limit to how much of the energy system we can switch to renewable electricity. Some sectors, such as heavy transport, industry and winter heating are particularly difficult for electricity to fully penetrate. The International Renewable Energy Agency (IRENA), sees electricity rising to just under 50% of the energy mix by 2050, which is wonderful, but still leaves another 50% to worry about. If we are serious about avoiding catastrophe, we need other technologies as well as renewable electricity – and we need them fast.


For many years, overcoming the enormous inertia in government, business and consumer behaviour felt impossible. But then, a few years ago, what looked set to be a boring business meeting changed everything.


 


I was in my office in Milan, in November 2018, almost at the end of a long day. As CEO of Snam, an energy infrastructure company with natural gas pipelines in Europe and the Middle East, part of my job is to think about what the global energy system of the future might look like, and what we might need to build to make it happen. Among my last appointments was the Snam scenarios team with a study that showed how Europe could reduce its CO2 emissions to zero by 2050. The idea was to look at a host of clean energy sources – solar and wind power, biomass and hydrogen – and how much each might cost to produce, transport, store and use. Armed with this knowledge, a model could figure out the least costly combination of these sources in 2050.


As I looked through the study, I noticed there seemed to be a lot of hydrogen in 2050. An awful lot, really, for something that was almost absent from the energy mix and the policy discourse.


I had known about hydrogen’s potential for a long time, ever since we’d made it from water in an experiment in science class at school, using one of those rectangular prism-shaped 9-volt batteries. I’d also encountered the dream of endless hydrogen energy when, at seventeen, I’d read Jules Verne’s The Mysterious Island. In the novel, he talks about how ‘water will one day be employed as fuel’, and how the ‘hydrogen and oxygen which constitute it, used singly or together, will furnish an inexhaustible source of heat and light, of an intensity of which coal is not capable’.2 Reading Verne was how my slow-burn love affair with humanity’s inexhaustible renewable molecule started.


Yet when I went to my first hydrogen conference in 2004, almost 130 years after The Mysterious Island was written, Verne’s vision seemed as far away as ever. At the time, I was the head of strategy at the Italian utility Enel, and had been invited to Yokohama, in Japan, for a World Hydrogen Energy Conference. I had come back feeling that hydrogen still had a fatal shortcoming: it was wildly expensive. Whether you made it from nuclear power or from the nascent renewable electricity sector, it would cost much more than its fossil equivalent. I calculated that using hydrogen from renewables would bring the cost of a three-hour car journey to $4,000.


Yet, there we were, on that late afternoon in Milan in 2018, with a model forecasting that hydrogen was going to turn our energy system on its head. What did this new model know that we didn’t? We ordered pizza and tried to work it out.


 


I’d learned a long time ago, as a young (and slightly overworked) Goldman Sachs analyst, that the answers models provide are only as good as their inputs. Garbage in, garbage out, as the saying goes. So, the inputs were where we started that evening in Milan, and we quickly got to the crux of the matter.


The model was forecasting that there was going to be a lot of cheap hydrogen for us to use because the cost of the renewable power used to make it was dropping fast, as was the cost of the equipment required to convert electricity into hydrogen. Transport costs were also assumed to be low because it would be delivered through already existing natural gas pipelines. All in all, the model predicted that by 2050 hydrogen would not only be the cheapest source of decarbonised energy for many sectors, it would actually be cheaper than what we are paying today for oil, coal and nuclear power.


That was a lightbulb moment, for me. I realised that hydrogen’s true mission was to help us harvest sunlight and wind where they were in plentiful supply, transport them cheaply, and get them into our aeroplanes, factories and homes. Just 1% of the Sahara Desert gets enough sunlight to power the whole world3 and hydrogen could finally give us a way to unlock that potential and decarbonise the hard-to-electrify sectors at the same time. Moreover, many people thought that the energy transition would mean rising energy costs and a need to support developing countries with billions of dollars. But the combination of cheap renewables and hydrogen meant we could envisage a net-zero world where energy was cheaper than it is today


The thought filled me with relief and excitement. If hydrogen really was a viable possibility – and we were still looking at a very big if – we finally had a clean molecule to deploy in the fight against climate change.


All we needed was a plan to deliver this vision.


 


That meeting fired the starting gun for our work on hydrogen. An intense few years of studies, field tests and projects were to follow.


When we started this work, there were few champions of hydrogen. But now momentum is building. There is growing consensus that hydrogen could account for up to a quarter of our energy needs in 2050.4


We are trying to get even more momentum going, not least through this book, a manifesto for this exciting new future of energy – a blueprint for how hydrogen can help save the world.


In it, I have tried to follow my own process of discovery, starting with the worrying science of climate change and the reasons why I was initially pessimistic about our chances of solving it. Thankfully, there are growing reasons for optimism – chief among them the spectacular rise of renewables, which can decarbonise swathes of the energy system directly and will provide the foundation of any solution.


Renewable electricity has limits, however, which means it cannot do the job alone. Hydrogen enables it to transcend these limits and can become the great energy connector, bringing together molecules and electrons, producers and consumers, countries and regions, and helping to get renewables into all the difficult corners of the energy world. We’ve long known about hydrogen’s promise, but it is only now that we can see that it will become cost-competitive.


As well as explaining how hydrogen can help us get to net zero, I put forward a plan for how we can nudge it to its tipping point – the cost at which it will become competitive – faster, buying us precious time in the climate battle. This book lays out the steps we need to take – as businesses, policymakers and consumers – to unlock the power of hydrogen.


You can do a lot to help, through what you buy, how you vote, where you invest your savings, and the conversations you have. The thousands of seemingly inconsequential choices that we make every day can shape the world.










Part 1


A Hot Mess: Climate Change and How We Got Here
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A NET-ZERO GOAL


Climate change poses an imminent threat to our existence. We must reach net zero emissions faster than we ever thought possible. And we must do so while providing enough energy for a growing population and the development of emerging economies. This is no easy task.


 


In 1944, twenty-nine reindeer were corralled on a barge and floated north to what has to count as one of the most remote places in Alaska: St Matthew Island in the Bering Strait. They were intended as a roaming food source, in case the crew of a wartime radio navigation station on the island missed their supply shipments. When the Second World War ended in 1945, the men left and the station was abandoned. No one bothered to remove the reindeer though. They stayed put, breeding every year, until by 1963 there were fully 6,000 on the island. By 1964, the population had plummeted to just forty-three knock-kneed survivors. And even they didn’t last long. There are no reindeer on St Matthew Island now. Every last one starved or froze to death.


 


In another part of the United States in the 1930s, three million tons of topsoil was blown off the Great Plains of America in a terrible dust storm. Daylight turned to darkness. Plagues of grasshoppers and jackrabbits descended to eat whatever meagre crops were left. Thousands of people died from inhaling the dust. Tens of thousands of poverty-stricken families, unable to grow crops, had to abandon their farms. Thee-and-a-half million people moved out of the Plains.


 


On Easter Sunday 1722, when Dutch explorer Jacob Roggeveen first set foot on Rapa Nui, he found an eerie sight. A barren, inhospitable land, with not a tree in sight. A remote rock in the middle of the South Pacific, buffeted by strong winds and salt spray, containing almost 1,000 massive and elaborate rock sculptures. Clearly, there had been a thriving community on the island at some point, with wood for logs to move big rocks, and time and energy to devote to the task. That was no longer the case.


 


What do these stories have in common? They’re tales of ecocide, of environments so over-exploited that they destroy the very ecosystems that guarantee survival. The reindeer depleted their food source, lichen, faster than it could grow. The Dust Bowl was caused by over-ploughing and overgrazing the southern plains of the United States, leaving the topsoil defenceless against the winds. The story of Easter Island is contested, but at least one account sees deforestation as the key reason for its population crash.1


Could something like this await us, not as a community but as a species?


It is difficult to entertain the idea of one’s individual or collective demise, but the risk was recently brought home to me in a casual conversation about Enrico Fermi, the Italian-American physicist, and his famous paradox. ‘But where is everyone?’ Fermi is meant to have asked his physicist friends over lunch, referring to an earlier conversation about the high probability of intelligent alien life. If civilisations more advanced than ours exist, Fermi mused, why hasn’t anyone been in touch? No one knows, of course. There’s been lots of talk about technological disasters, nuclear Armageddons and the like. But what if some intelligent civilisations hit the limits of their environment, and faced an end akin to the reindeer on St Matthew Island? I hope that’s not the case. Nonetheless, that thought did give me a chill, and highlighted the sense of urgency with which we must approach global warming.


We are certainly pushing up against the limits of what the planet can countenance. Waste and pollution are poisoning the very air we breathe. According to the World Health Organization (WHO), ambient air pollution kills more than 4 million people every year – twice as many as Covid-19 killed in 2020, and twice as many as are killed every year by malaria and tuberculosis combined.2 Today, millions of species are threatened and many have already perished. Scientists are calling it the sixth mass extinction because it follows five others that all took place between 440 million and 65 million years ago. But this time, the mass extinction underway isn’t due to a volcanic eruption or to a collision with an asteroid. This time it’s down to us.


Burning issue


Life on Earth depends on a delicate balance of gases. Plants absorb CO2, using the carbon to make trunks, shoots and leaves, and then release the oxygen. We, like all animals, eat the carbon (pasta is a mixture of carbon, oxygen and hydrogen). We inhale oxygen to break up the food and release energy, and exhale CO2. When this cycle is in balance, the amount of CO2 in the atmosphere is stable. But it is now out of whack.


If you cut down a forest, the carbon that was stored in the trees all gets into the atmosphere (whether the wood burns or rots). Burning fossil fuels releases carbon that was trapped by plants and animals that lived millions of years ago. Once released, CO2 will stay in the atmosphere for centuries.


Fossil fuels are by far the biggest source of CO2 emissions, accounting for 33 billion tonnes (gigatonnes) a year in 2019.3 Other CO2 emissions come from industrial processes and changes in land use (like cutting down forests) bringing the total for extra CO2 to be injected in our atmosphere to around 40 billion tonnes.4 On top of that, you will also hear about CO2 equivalent emissions, which include other greenhouse gases such as methane (produced for example by rotting plants and cows’ stomachs, or as the result of fugitive emissions from natural gas production). Methane has an even stronger impact on climate change than CO2, albeit on a shorter timescale. If you convert the other greenhouse gases to CO2 equivalent, and add it all up, you get to total emissions in the region of 52 billion tonnes of CO2 equivalent.5 This book will focus on CO2, and won’t look at land use, but bear in mind that to get to zero we’ll need to cut emissions of other greenhouse gases too, no easy feat as it will require lifestyle changes.


Where do CO2 emissions come from? The following figure shows the breakdown by sector.
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Total estimated CO2 emissions by sector, 20196


 


Because of our actions, the concentration of CO2 in our atmosphere has now built up to about 415 parts per million, almost double the amount before the Industrial Revolution. That is far higher than at any time in the last 800,000 years at least, and it is still rising rapidly.


Having some CO2 and other greenhouse gases in the atmosphere is a necessary thing. They absorb heat coming up from the Earth’s surface and emit some of it back down again. We need this trapped heat to survive. Without it our planet would freeze.


But now we have too much. Excess carbon in our atmosphere is trapping more and more heat. It doesn’t matter who emits it, or where in the world it gets hurled into the air: once it gets there, it is everyone’s problem. As a result, global average temperatures have risen by more than 1°C since 1880, most of that in the past fifty years. One degree may sound small, but over land the increase is higher than that, and local swings in temperature are much more extreme, for example in the fragile Arctic and Antarctic. And it is happening at a rate far too fast for nature to adapt to. This is already doing a lot of damage.


Across the globe, rainfall patterns are changing, often making dry areas drier and wet areas wetter. Worsening droughts in Asia and Africa are leading to famine, mass migration and conflict. Pollution and habitat loss are driving thousands of animal and plant species to extinction. The most powerful hurricanes are getting stronger. The extra carbon dioxide in our oceans is acidifying them, and eating away at coral reefs, plankton and molluscs. Sea levels are rising. From Bangladesh to Manhattan, hundreds of millions of people living close to sea level could be displaced.


Sophisticated climate models, based on the known physics of the atmosphere and oceans, predict planetary warming by about 4°C by 2100 if emissions are unrestrained. This would make large areas of the planet inhospitable to humans – but that’s not the worst of it.


Disasters have a habit of unfolding gradually, then all of a sudden. And global warming is no different. Once temperatures rise too far, we will hit tipping points, where things suddenly get a lot worse. These tipping points include the Amazon rainforest drying out and dying off, and the Greenland and West Antarctic ice sheets collapsing, bringing a total sea level rise of more than 10 metres (albeit over a few centuries). Worst of all, marine sediments and thawing permafrost could release huge amounts of the potent greenhouse gas methane, heating the planet further. This could be a truly fatal tipping point, rendering the Earth almost uninhabitable.


We may already have passed some of these tipping points – the relatively mild matter of collapsing ice sheets. Others could be reached soon, if the world keeps warming


The hero is zero


To avoid catastrophic climate change, the consensus is that we should try to stay below warming of 2°C, and ideally below 1.5°C. That doesn’t leave us much room for manoeuvre. Even if emissions stop rapidly, temperatures will keep rising for a while. That’s because the oceans have a tremendous capacity to hold heat; they take a long time to warm up, which in turn keeps the air slightly cooler for a while.FN2


It is not good enough to merely reduce emissions. That’s because when we release carbon dioxide into the atmosphere, it lingers for a long time. Even after a century, a third of that gas is still up there; after a thousand years, nearly a fifth. This means the carbon build-up that’s causing global warming is a little like a kitchen sink (with the plug in) that is about to overflow. Even if you slow down the flow from the taps, the water level in the sink is still rising. And even if you stop the flow, it will take a very long time for the water to evaporate.


Climate scientists have worked out roughly how much more CO2 we can emit without driving temperatures above 1.5°C. To give us a 50–50 chance of staying under that threshold, the answer is around 440 gigatonnes.7 To stay below 2°C, the budget is around 700 gigatonnes. This is our budget for CO2 alone, and assumes a rapid decline in other greenhouse gas emissions. There is also quite a lot of uncertainty about exactly how the world will respond to the increased quantities of CO2 in the atmosphere, and some estimates for the carbon budget are lower than this.


If you take the budget and divide it by our CO2 emissions of around 40 gigatonnes, that leaves us about eleven years at current rates before we break the 1.5°C mark, and something like eighteen years before we hit 2°C. All of this is from my perspective writing in 2021.


And that’s at current rates. Bear in mind that emissions may still be increasing. In 2019, energy-related emissions rose by around 1%. In 2020, we changed course in the face of Covid-19. With people working from home, and transport slowing or stopping completely, energy-related emissions dropped by 2 gigatonnes.8 Much of this fall is reversing as life returns to normal. Just for reference, at the time of writing, the International Energy Agency was forecasting a rebound of 1.5 gigatonnes of CO2 emissions in 2021,9 bringing us almost back to the 2019 peak.


To stay within budget, we need our net carbon emissions to fall to zero. How soon we have to do this will depend on the path we take. Assuming a simplistic linear fall in emissions, we would need to hit global net zero by the early 2040s to stay within 440 gigatonnes. If we can cut emissions at a faster rate sooner, that would buy us more time. In carbon budget terms, a tonne of CO2 cut from annual emissions today is worth ten times a ton cut in ten years’ time. It would help if we could also aggressively cut non-CO2 sources of warming such as methane emissions.10


We can also actively remove carbon from the atmosphere, by planting trees, burying charcoal, grinding up rocks or using solvents to capture CO2 from the air, a process known as direct air capture (DAC). If, as well as cutting emissions, we are also doing some of these things, that will reduce net emissions faster and stretch out the carbon budget. Indeed, three of the 1.5°C-compliant scenarios that the Intergovernmental Panel on Climate Change (IPCC) has published use carbon removal to square the numbers on a very large scale.11 But carbon- negative technologies are not an excuse to keep emitting with abandon. They are either limited in scale or unproven – or both. So, the imperative is to cut emissions – as much as possible, as soon as possible.


This implies a revolution in the way we produce and use energy.12 Today, we use fossil fuels for 80% of our energy. The remaining 20% is clean power, but you should bear in mind that most of that is biomass, nuclear and hydropower, which have been around for a long time and whose growth prospects are, for many reasons, lacklustre. The new renewables of wind and solar currently make up 2% of our primary energy (a global average; some places have a significantly higher penetration of renewables).


Getting to zero will mean using mainly solar and wind power, rather than coal, oil or natural gas, for power generation; changing our vehicles so they no longer use oil; modifying materials and the industrial processes we use to make them so that they don’t require fossil fuels as feedstocks; and heating our homes without fossil fuels.
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Global primary energy demand by fuel, 2019


 


What’s more, we need to transform our economies at a time when both demographics and development will put additional pressure on the energy system. By 2050, there will be around 9.7 billion of us globally, up from 7.9 billion today. How much energy each of us uses also tends to increase with prosperity. For an idea of the disparity that exists in the world today, take a look at the chart below.


 


Table 1: Energy consumption per capita, 2019
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In 2019, US citizens consumed nearly 80 megawatt hours (MWh) of energy per person – compare that with around 8 MWh in Africa. Globally we consume some 170,000 terawatt hours (TWh) of energy per year today. That will be even greater by 2050, and it will all need to be clean.


Given the scale of the challenge, it’s no wonder that some people reckon we should just . . . stop.
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THE DAY EVERYTHING STOPPED


The global pandemic and the ensuing global lockdowns showed that we cannot solve the climate crisis through lifestyle changes. There is room for individual action, but we need a solution that combines net zero emissions and life as we know it.


 


The call to stop everything has its value – as a gesture. It concentrates minds. It makes people pause and think, which is, let’s face it, never a bad strategy. People criticise Extinction Rebellion, the global movement advocating civil disobedience to urge climate action, for its theatrical gestures. Stop burning stuff! Stop flying! Stop making and buying things! Stop eating meat! Stop having kids! People who complain about such theatrics are forgetting the power of theatre. You don’t have to take something literally to take it seriously. There is such a thing as a climate emergency, and we do need to re-examine many of the things we’ve taken for granted.


The decision was taken out of our hands in early 2020, when Covid-19 became a global pandemic. And everything did stop. We stopped going to workplaces. We stopped driving. We stopped flying. We stopped going to cafés and restaurants. We stopped sports. We stopped schools.


And it was miserable, especially for the poorest and most fragile and marginalised people in society, who have suffered from job losses, company bankruptcies and rising inequality.


So, no. Stopping all industry, travel and commerce isn’t going to work. Not because vested interests will suffer, but because people will suffer. And, even if we could force such an iniquitous solution on the world, it wouldn’t do the job.


The lockdowns that caused such misery did give us a glimpse of the quiet, clean world we could be enjoying: fresh air in our cities; cyclists and pedestrians enjoying roads free of traffic. I marvelled at those pictures of wildlife taking over the streets of capital cities globally, and saw first-hand the fish shoaling in the clear waters of Venice’s canals (although that may have less to do with pollution and more to do with the fact that there were no boats to stir up the sediment). And the lockdowns did have some impact on pollution and CO2 emissions. According to satellite observations by Europe’s Copernicus Atmosphere Monitoring Service, China saw a 30% drop in two key air pollutants, nitrogen dioxide (NO2) and particulate matter, over the month of February. In Italy, in March 2020, those same pollutants fell by 40 to 50%.


But it was nowhere near enough. In 2020, CO2 energy-related emissions came in 6% lower than 2019.1 Say that we continued to cruelly stunt our economies, Covid-style. We could expect our emissions to stay at 2020 levels – still far short of net zero. Even a painful shambling version of business as usual will tip us into irreversible climate change.


So clearly ‘just stop’ is not going to work.


That doesn’t mean we can’t learn from the pandemic. Disruptions provide opportunities to reflect, rethink and change things. This seems to have happened, at least to some extent. I have been encouraged by the rapid and relatively cohesive response by policymakers in Europe, who, faced with the prospect of having to pour money into the economy to prop up the system, wisely decided to try to combine stimulus measures with green objectives. Of the €750 billion of funds earmarked as recovery and resilience, 37% has to be tied to climate change projects. In the US, too, President Biden unveiled a $2 trillion infrastructure bill, which he called a ‘once-in-a-generation investment in America’, including spending on roads, bridges, ports and railways, and also measures to encourage the uptake of electric vehicles and renewable power.


The 2020 pandemic has provided painfully clear evidence that we can’t ‘just stop’, but it has also handed us a chance to rethink our lives and build back better. Will we be able to seize this opportunity? So far, our track record on really, seriously tackling climate change has been woeful – but things do seem to be turning around.
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FEET OF CLAY


We have long known about climate change, but we haven’t done well at tackling its causes. We’ve lacked a clear goal, and available technologies have been limited and expensive, setting climate change mitigation at odds with economic development.


 


‘. . . at the rate we are currently adding carbon dioxide to our atmosphere, within the next few decades the heat balance of that atmosphere could be altered enough to produce marked changes in the climate.’1


 


Guess when that was written? 1966. By Glenn T. Seaborg, Nobel Prize-winning chemist and chair of the US Atomic Energy Commission. Scientists have been warning of the danger for many decades.


It’s been over twenty years since the Kyoto Protocol was adopted,2 with 192 signatories (the US signed it but did not ratify it), committing industrialised economies to reducing greenhouse gas emissions. Yet since then, almost 700 gigatonnes of CO2 have been hurled up into the atmosphere. That’s not far from the amount emitted since the beginning of the Industrial Revolution up to that time. At current rates, over the next thirty years we’d emit as much as we did for the past 250 years.3


As Jonathan Franzen put it:‘The struggle to rein in global carbon emissions and keep the planet from melting down has the feel of Kafka’s fiction. The goal has been clear for thirty years, and despite earnest efforts we’ve made essentially no progress towards reaching it.’4


Why have we – humankind – done quite so badly?


Well, it hasn’t helped that we lacked a clear and positive goal. For a very long time, the whole climate change narrative was simply about reducing emissions by this or that percentage, a negative goal. Designer William McDonough has described this as being a little like getting into a taxi and telling the driver ‘I’m not going to the airport’ or making a resolution to ‘reduce one’s badness’.5


The main reason we lacked a positive goal was that we didn’t quite know what to do. We had no good, or even reasonable, solution to hand. The key problem was that our main tool to fight climate change was renewable electricity, and at that time renewable electricity was much, much more expensive than fossil fuels.


That meant that even small cuts in emissions came at high cost. To ram it into the energy system, the early adopting countries had to pay billions in subsidies. Astonishingly, the first solar auctions in Italy paid over €450/MWh for solar power for twenty years, on top of power prices (for reference at the time they were in the region €60–70/MWh). If you assume that this renewable electricity displaced power produced by natural gas, every MWh produced by renewables avoided 370 kg of CO2 emissions. Divide the premium paid by the emissions avoided, and you get €1,200/tonne of CO2. For an idea of just how big a number that is, just think that today Europe puts a price on carbon emissions in some sectors (the Emission Trading System), and that price is not far off €50/tonne.


As a result of this early and wildly expensive push into renewable power, European countries committed to something in the region of €750 billion in subsidies. In Italy we are still paying €11–12 billion a year, which adds €75, or 15%, to the average household’s annual electricity bill. For governments, policies that impose high energy costs are problematic. Energy poverty is a growing phenomenon, and adding extra charges on to utility bills is an unfair way to raise funds because it affects the less well off – who spend a higher proportion of their disposable income on energy – more than the wealthy. Curbing emissions by raising the price of energy may make excellent strategic sense, but a nation is made of people and a 10% tax on the price of petrol for some may mean having to reduce basic needs elsewhere. In France, in the last couple of years, the protest movement known as the gilets jaunes (yellow vests) has taught politicians a valuable lesson in how hard it is to raise energy costs even by small amounts.


This is the conundrum that was facing governments: they somehow needed to transfigure industry and the economy in such a way that people didn’t lose their jobs as economies got hit by high energy prices. And until very recently, there didn’t seem to be a strategy to avoid climate change that didn’t also involve impossibly painful trade-offs.


 


The main reason why we lacked a positive goal was that we didn’t have the underlying technology to hand. But it didn’t help that the energy industry is so complex and fragmented, and struggles to cooperate across sectors.


The problem here is that different operators have limited awareness of what everyone else is doing. For instance, the electricity sector knows a lot about gas used to generate power, but less about gas used in heating, industry and transport. Gas companies see the power sector as a client, but do not spend much time analysing the challenges of balancing a grid. For many years, that didn’t matter so much. Companies identified the needs of the sectors they operated in, and solved them as best they could. All worked swimmingly well, for as long as coal, oil, gas and electricity were produced and consumed separately.


Today, there are efforts to cooperate across sectoral lines. But these efforts are hampered by the fact that there is no one coherent way of measuring and describing energy across sectors. Other industries have consistent units. Information and communications technology for example, just uses bytes (kilobytes, megabytes, gigabytes, terabytes) for stocks of data and bits per second for flows; car companies use horsepower. Having one measurement system makes it easier to choose a computer, an internet connection or a car. At least you’re generally comparing like with like. If you need energy, however, prepare to drown in alphabet soup: you can measure it in joules, or gigajoules (GJ); electricity companies think in megawatt hours (MWh); oil producers deal in barrels of oil equivalent (boe) or tonnes of oil equivalent (toe); gas companies see the world in standard cubic metres (scm), or cubic feet, or millions of British thermal units (MMBtu). Mining companies measure tonnes of coal equivalent (TCE). Climate scientists chart gigatonnes of CO2-equivalent emissions (GtCO2e). And do you want to measure capacity, or hourly, daily or yearly flows?


Thinking about a full-system pathway for climate change, and which technologies might be able to do what, is a bit like trying to choose a T-shirt on the internet when you can see the pictures but can’t quite work out what size each shirt is, how many per pack and what they cost.


If you want to be able to compare different fuels to put them in the same ‘currency’, what you need is a version of the pocket conversion chart which I carry around and consult every time someone mentions a unit that’s outside my comfort zone. The table below shows you the relationship between the different units (so 1 MWh – which is very roughly the electricity used by an Italian family every four months – is the same as 0.6 of a barrel of oil, or 91.4 standard cubic meters of gas, and so on), and also the dollar amount that you’d be paying for 1 MWh of energy in different fuels. In the first three months of 2021, 1 MWh in oil cost $38, while 1 MWh in gas cost $22 in Europe and $10 in the US, meaning oil was 1.7 times more expensive than natural gas in Europe on a per energy basis, and almost four times as expensive as natural gas in the US. For more detail on hydrogen energy calculations, please refer to the appendix on page 289.


 


Table 2: Energy unit conversion







	
Energy (MWh)




	
Oil (boe)




	
Natural gas (scm)




	
Natural gas (MMBtu)




	
Coal (TCE)




	
Hydrogen (kg)









	
1 




	
0.6




	
91.4




	
3.41




	
0.12




	
25













 


 


Table 3: Energy costs per MWh in the first quarter of 2021
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Blue hydrogen (Europe)6









	
Energy equivalent costs ($/MWh)




	
38




	
22 




	
10 




	
14




	
50 




	
100–140




	
60 













 


Complexity and confusion make it difficult to identify a pathway. And this is all the more worrying because the usual pace of change in the energy system is glacial.


Most people think that the nineteenth century was dominated by coal and the twentieth century by oil and that the twenty-first will belong to renewables. But the nineteenth century didn’t run on coal. It ran on wood, charcoal, and cereal straw, which accounted for 85% of the world’s energy. And for most of the twentieth century the biggest energy source wasn’t oil, it was coal. Crude oil didn’t surpass coal until 1964. And even today, cheap natural gas in the US hasn’t supplanted diesel in trucking, despite the fact that it costs less.


This inertia is not a modern malaise, a political wrong-turn that we might easily put right. Rather, it’s a reflection of just how difficult it is to change things.


 


Add together the limited toolkit and the fragmented industry, and it isn’t hard to see why, for so long, climate change efforts lacked a North Star; an aspiration for everyone to aim for.


This translated into a lack of momentum at the grassroots level. Think about it from the perspective of people going about their daily lives. On the one hand, they had an inkling that we might, at some point, be facing catastrophe. On the other, they couldn’t see a solution that didn’t call for unimaginable sacrifices.
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