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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
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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





Contents

INTRODUCTION

 

Part 1: A Hot Mess: Climate Change and How We Got Here

1 A NET-ZERO GOAL

2 THE DAY EVERYTHING STOPPED

3 FEET OF CLAY

4 A COMMON GOAL

5 THE UPS AND DOWNS OF RENEWABLE POWER

 

Part 2: Hydrogen: A ‘How To’ Guide

6 ENTER HYDROGEN

7 FLIGHT OF FANCY: HYDROGEN’S EARLY USES

8 THE ALLURE OF OIL

9 THE HYDROGEN RAINBOW: EXTRACTION METHODS

10 HANDLING HYDROGEN

11 USING HYDROGEN

 

Part 3: How Hydrogen Helps

12 HYDROGEN AND ELECTRICITY: A POWER COUPLE

13 THE NEW OIL

14 MAKING MATERIALS GREENER

15 SOLVING SEASONALITY

16 GREEN LANES

17 GREEN SEAS

18 GREEN SKIES

19 IT IS ROCKET SCIENCE

20 SAFETY FIRST

 

Part 4: Ready for Take-Off

21 THE MISSION

22 CATAPULT COMPANIES

23 CALLING THE COPs

24 THE CONSUMER CAVALRY

25 MAKING HYDROGEN HAPPEN

 

NOTES

ACKNOWLEDGEMENTS

BIBLIOGRAPHY

GLOSSARY

APPENDIX

FOOTNOTES





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.
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