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Preface
By the end of 2016, while I was translating this book, Donald Trump became 
president of the United States. He is turning back all progress for the 
environment, killing the Paris agreement, unleashing forces to freely pollute and 
destruct the environment. This is a disaster, it will set us back by decades. I was 
(and still am) appalled.

Then it occurred to me to turn my view on the matter around and see it as 
an opportunity. The folly of the Trump administration makes citizens wake up 
throughout the United States (and in Europe for that matter). Millions of people 
see their world changed in ways they don't want. Every day more people are 
waking up to the idea of taking action. 

If there is one thing that characterizes the United States, it is the power of 
independence, and that's exactly what we need right now. The independent 
minds of millions of citizens, who take the initiative for a sustainable future 
into their own hands. They are not going to sit around and wait for this adverse 
administration to fix environmental problems for them, because it won't. 

This book is for those who want to save the environment themselves, take 
effective action against climate change and make the world a better place, 
together with their fellow Americans. 

Where to start though? What are the most effective courses of action? What can 
you do in your daily life to really make a difference, while you're still having fun? 

The world needs drastic measures to turn the tide for our planet, because 
we can't do without nature. We need a healthy environment, as we need all 
these millions of species and a stable climate, if anything, to protect the world 
economy. 

The world needs you. Think big act now, and don't forget to enjoy the ride!
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Why this book?
At the beginning of 2014 my husband Rick and I were at home sitting on the 
couch. The kids were out and we had a conversation. He told me that the sixteen 
largest container ships are as polluting as all the cars in the world together. I 
was surprised. When he told me that every day 27 million trees disappear, while 
trees remove CO2 from the air, I was shocked. Rick had delved into it, and as he 
went on telling me more, my image of our world tilted. I thought we were doing 
a pretty good job here in the West, but at that moment I saw we just moved our 
impact out of vision. The rich consumer buys a lot of products, but he does not 
see the impact the production of these goods has on the environment. How can 
you make sustainable choices if you don't know your own impact? The decision 
was made in a split second: I'm going to do something about this! 

So I started this project in my own way as a designer, by asking questions, taking 
nothing for granted, examining everything. You can only solve a problem if you 
analyze it thoroughly. The whole problem and not just a part of it. My first step 
was to get a complete picture of Earth's ecosystem and our entire impact on it, 
including the parts that takes place outside of our field of vision. 

I spoke to a lot of people along the way. Scientists tend to focus on a niche. 
Some felt that I needed to focus too, that my research was way too broad. But 
that was just the point! I wanted to include all the relevant disciplines to get a 
broad overview of the entire system. I really wanted to get a grip on the whole 
problem.

I wanted to get a better understanding of our global challenges. So I tried to 
make vague problems concrete by quantifying them. I often couldn't find direct 
answers to my questions. Sometimes even the words for the ideas I wanted to 
describe lacked. How can you fix something if there are no words to describe the 
challenge? Bizarre! Isn't this what we should be working on with all we've got? 
In those cases I invented words, I made my own calculations and when I couldn't 
figure it out by myself I sought the help of experts. For example, the independent 
firm CE Delft researched the 'impact top 10' of our daily lives. And it turned out to 
be surprisingly different from the usual lists and figures. 

My next step was to get an idea of how to improve our lifestyle. How can we 
solve this massive problem? How to live 'eco neutral' or even 'eco positive'? 
I searched for solutions with maximum effect and I didn't evade possibly 
unpleasant, rigorous solutions. I didn't want to linger with pennies when we 
could do pounds, so to speak. To this end I have translated the big picture of the 
entire ecosystem into concrete solutions for everyday life. 

If I would have discovered along the way that we are doomed anyway, I would 
have put the project aside so I could go on with something more useful. But no, 
we can solve this if we give sustainability high priority! If we want something 
badly, we can achieve so much. Of course we haven't been standing still. You as 
a reader probably do your best already, given the fact that you're reading this 
book. However, we tend to focus on visible problems with visible effects. Such as 
packaging turning to litter and cars causing smog. But this visible impact is often 
just a fraction of the impact which is hidden from view. And that's where it gets 
interesting.

Gradually it became clear to me that there is no simple 'one-click-on-the-button' 
solution for a complex and ever-changing problem. Surely we have to reduce 
CO2 emissions rapidly, but that's just the beginning. Sometimes a problem is 
complicated. Okay, so be it. We have solved many complex problems over time. 
Let's face this one for what it is and not oversimplify the problems (nor the 
solutions). Let's define the challenges and find solutions that can make a real 
difference. 

My research also affected my life at home. Fortunately, 
we were doing pretty well already, but I wanted to 
improve even more. A friend told me that she takes 
cold showers and eats strictly vegan. Her friend 
called her 'ecorexic' and it didn't feel right for me. I 
didn't want it to feel like a punishment. I approach 
it differently now. I am content to get the big things 
right and counterbalance what little negative impact 
I've got left with positive impact through my work. 
And that's okay. Studio projects on sustainability, this 
book... And at home I experiment, finding out what 
does and doesn't suit me, and I enjoy it.

This book was created with the help of a lot of volunteers, experts, professors 
and friends. Rick was also involved throughout the whole process. Crowdfunders 
raised the money to pay CE Delft and Ecofys for research. Everyone who helped 
to realize this book, thanks a million! 

 

if we knew what it 
was we were doing, 

it would not be 
called research

ALBERT EINSTEIN
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What the book is about
WHAT WE WANT
What we want in our daily lives makes sense: we want the best food and drinks, 
we like to have a decent roof over our heads, we need all kinds of stuff and we 
want to go places. We also want to access the internet everywhere and of course 
we want to go on vacation regularly.

WHAT WE DO
Industry, construction, farming, transportation and services are examples of the 
useful things that we do to provide for what we want. 

CONSEQUENCES FOR THE PLANET
So far so good,you think. What we do often 
has unintended negative side effects on the 
environment. But because it happens on the other 
side of the world and out of view, we are hardly 
aware of it and it can just go on.

CONSEQUENCES FOR US
Western consumerism has an impact on the planet. 
The point is that harming the planet undermines 
the very sources that help us get 'what we want'. So 
through the back door our impact on the planet threatens our comfortable daily 
lives. It's like a snake that unwittingly bites its own tail.

SOLVING THIS (INSTEAD OF SYMPTOM TREATMENT)
Could we do things differently? Could we strive for a society where we pursue a 
positive impact? This is not only better for the planet, but also for ourselves. If 
we want something badly enough we can make it happen. The first challenge is 
to see the link between problems and their true causes. The second challenge is 
to find out how we can solve our problems. The third challenge is to implement 
the improvements and to further our efforts even more.

We can truly tackle our impact in two of these four areas: we can change 'what 
we want' and 'what we do'. To diminish 'consequences for the planet' and 
'consequences for us' is symptom treatment, and that doesn't strike me as a 
good solution. Prevention is better than cure.

The book consists of three parts and each part answers a question:
Part 1  What is our hidden impact?
Part 2  What are the consequences of our impact?
Part 3  How can we fix this?

it's not just polar 
bears, coral reefs and 
the rain forest under 

threat. it is us 
KAISA KOSONEN, GREENPEACE 

what we want
stuff, food, transport, home

what we do
farming, industry, freight, construction

consequences for the planet
damage to environment, climate, nature

consequences for us
damage to economy and health 
shortages, unrest and conflicts
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Before you start reading
DIFFERENT PERSPECTIVES
Scientists often have different perspectives which can lead to conflicting views 
(as it should be in science). In those cases, I'll show you the different arguments, 
so you can weigh them and create your own point of view.

FIGURES GIVE AN IMPRESSION
To get a realistic view of our effect on the environment, I want to quantify our 
impact. I sometimes make rough calculations to get a feeling for the order of 
magnitude. Figures are quickly obsolete and they are subject to visions and 
principles. So please take my ballpark figures for what they are; rough estimates. 
Or better yet, recalculate them and let me know what you find. The impact 
top 10 is a first draft. We calculated it as best we could, given the time and 
methods available. I rather prefer other experts to start thinking on the same 
themes as soon as possible, than me refining the content any longer. All the 
while, the impact out there goes on. We have no time to lose.

MAKING NOTES
Therefore I invite you to use this book for your own notes. Write down 
calculations or facts and figures which may differ from mine. It would be cool if 
you'd share them with us on my social media channels. And in the sections 'what 
can I do?' I often left some open white space so you can add your own ideas 
about what might work for you. In part 3, you can map out your own impact. 
There too you can write directly in the book if you wish.

INDEPENDENT
Think Big Act Now is an initiative from my studio. We do not have sponsors, 
because I wanted to remain independent and to be utterly free to say what I 
think. I was able to free myself for nine months to write this book. Through a 
successful crowdfunding campaign I was able to cover the research costs. I don't 
give concrete examples of sustainable initiatives in the book, because I don't 
know if they will still exist in the future nor whether I'll still approve of them. 

UNITS 
There are many unintelligible units in use, which didn't help me understand 
what the figures meant. So I converted energy units to gallons of gasoline to get 
a better feeling for the amounts. I converted CO2 emissions to number of trees 
needed to absorb the CO2. These conversions are not very precise, so please take 
these equivalents also for what they are: an estimate.

STRUGGLING WITH WORDS
It was a strange sensation when sometimes there were no words for what I 
wanted to describe. For instance, there is no word for all the effects on the planet 
combined: climate change, depletion of natural resources and environmental 
pollution. For want of a better term I call it 'impact on the ecosystem'. An 
inadequate term, because ecosystems are usually smaller, like a ditch or a 
forest. But in this context I use 'ecosystem' for climate + nature + environment. 
Sometimes, when I want to describe the system as a whole, I use the word 
'planet'. 

'Impact' is also a word I struggled with. Footprint comes close, but footprint 
sounds like one single impact, such as the water footprint or the CO2 footprint. 
The footprint method can also incorporate several types of impact, which was 
helpful to calculate how many Earths we need (part 2). However, it is different 
from the ReCiPe method CE Delft used to determine the impact top 10. Using the 
word footprint would be out of place in this context so I'll stick with 'impact'.
 
DEFINITIONS
The word sustainability is usually rather vague, and I also use the terms 'eco 
neutral' and 'eco positive' (again, for lack of better words).
This is what I mean by these terms: 
 » An act is sustainable if you can keep repeating it, because its effect remains 

within the carrying capacity of the planet. Natural resources get enough time 
to regenerate (eg fresh water reserves, stocks or forest) and there are no 
effects that cause permanent damage to the ecosystem

 » You live 'eco neutral' if your sustainable (!) negative impact on the ecosystem 
is counterbalanced by positive impact

 » You live 'eco positive' when you do more good than harm to the ecosystem. 
You can read more about these concepts and how to achieve them in part 3.

By hidden impact I mean all negative effects of human actions on the ecosystem 
that are not included in standard research or legislation: Other impacts than CO2 
equivalents and all different kinds of impact in the Life Cycle. Hidden impacts are 
the blind spots in our assessment of our environmental impact.

WHAT CAN I DO?
Throughout the book you'll find sections called 'What can I do?' They contain 
tips on how to make sustainable choices. I assume you already know the more 
common tips. For readability reasons I often skip those tips and try to focus 
on novel ideas. That doesn't mean that the common tips don't work or aren't 
important, on the contrary. Please keep them in mind too. You can find them on 
the website of your local environmental organization.
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part 1 
what is 

our hidden 
impact?
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What part 1 is about
A lot of things we build, grow, produce and transport have an impact on the 
planet. You knew that already. However, we see only a small piece of that 
impact, because a lot of 'what we do' takes place out of our sight, on the other 
side of the world.

We come across things like petrol, gas, tap water, electricity and packaging in 
our daily lives. Those things give us a gut feeling about waste and pollution. But 
we don't take into account things we don't see or don't even know about. Makes 
sense, right? But it becomes a problem when we think we are doing the right 
thing based on an incomplete gut feeling. That could turn out to be a waste of 
your efforts.

In this part, I first explain what I mean by hidden impact. Then I'll show you the 
effects of our impact on a global scale, using hidden energy as an example for 
other types of impact. Energy consumption has a significant impact, because 
the use of fossil fuels leads to climate change, and that is the greatest and most 
urgent problem we need to solve in the next few decades.

Then we change from a global scale to a personal scale. I wanted to find out 
what the big impacts in our daily lives are. CE Delft has calculated an impact 
top 10 for this book (they initially had quite some objections to the assignment - 
it was impossible to calculate it, so they said) and it yielded surprising results. 

We can distinguish four sections in our daily lives: products, food and drink, 
mobility and home. I researched the hidden impact of the four sectors. Ecofys 
performed Life Cycle Analyses on two cases per sector, so eight in total. 

This part will give you a feeling for the hidden impact in your daily life and it will 
show you what you can do to improve and live eco neutral.

what we want
stuff, food, transport, home

what we do
farming, industry, freight, construction

consequences for the planet
damage to environment, climate, nature

consequences for us
damage to economy and health 
shortages, unrest and conflicts
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1. What I 
mean by 
hidden 
impact

Hidden impact
In recent decades, we have moved a lot of our industry and agriculture to other 
countries. We get fuels and raw materials from other areas and also our food 
comes from all around the globe. Other people produce this stuff for us, and that 
happens out of our line of sight. We don't see the process or what it does to the 
environment. This is what I call hidden impact.

To my surprise, it turns out that the hidden part of the impact 
is often much bigger than the visible part. For example, you 
might worry about the packaging of tomatoes or the energy 
your new laptop will use, but did you ever consider the 
impact of the production of tomatoes and laptops? 

Take water as an example. We use quite a lot of tap water at 
home, right? About 400 gallons of water per person per day. 
But did you know that tap water is just 4% of all our water 
usage? The rest (96%) is used to produce our food, drinks, 
products and clothing. Four billion people around the globe 
are confronted with a lack of water, at least during the dry 
season. Now there's an issue, if you ask me. 

we have a lot 
of impact 

outside of our 
borders

(QUOTES WITHOUT AN 
ACKNOWLEDGMENT ARE 

MY OWN)

CO2

In the rich West, we import those products, and consumers pay for them at the 
end of the line. So we're paying companies to have an impact without ever 
realizing it. To me, that makes us at least partly responsible for the impact. More 
importantly, it gives us the chance to make a difference.
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The big picture
To get to grips with the ecosystem, I've made the following model. The 
ecosystem is the entire planet, including all living and non-living matter. People 
use three main components from the system:
1. Food, fibers and water
2. Energy
3. Raw materials

Energy is a special case. Energy itself is not tangible, but to generate energy, you 
need tangible materials like fossil fuels, wood or solar panels. All of these energy 
sources can be traced back to solar energy. By burning fossil fuels or wood, the 
solar energy stored in plants is released. 

USEFUL SERVICES AND NEGATIVE SIDE EFFECTS
We use all kinds of convenient things from the 
ecosystem. Think of timber, fish, potatoes, meat, 
clothing, water, steel, copper, oil, gas... It also provides 
pest control, pollination, CO2 absorption, fertile soil, 
purification of air and water, health and recreation. And 
it provides us with all these wonderful services for free! 
Can you imagine?

Using these services often has negative side effects on the ecosystem. It has an 
impact. That doesn't necessarily lead to an environmental disaster right away. 
The effects may appear gradually or a few thousand kilometers away. Two 
examples: the effects of greenhouse gas emissions slowly evolve and people 
have difficulty noticing gradual changes, let alone acting on them (page 154). 
And deforestation leads to droughts elsewhere on the continent, in places where 
it is harder to link them to the cause (page 148).

The effects are becoming so obvious nowadays that we can hardly deny them 
anymore. Trees are blooming as I'm writing this. It's December. Food shortages, 
pollution, resource depletion and climate change affect us all eventually. First in 
the form of health problems and price increases, but ultimately as conflicts and 
mass migration. This is not my idea of a happy future.

nature doesn't 
need people,

people need nature
 CONSERVATION INTERNATIONAL

our impact on the ecosysteem

consequences for the planet

what we use

raw materials

environment

energy

climate

food, fibers
&water

nature
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The impact chessboard
We tend to focus on a single impact, usually the climate effect of end use, and 
disregard the rest. That's how the human brain usually works. But if you focus 
on just one aspect and solve that, how do you know you aren't causing other 
- perhaps bigger - problems instead? How do you know those other problems 
aren't destroying what you wanted to protect in the first place? How can you be 
sure your efforts as effective as you think? Let's compare it to a game of chess. 
If you only focus on the knight, you won't win the match. You need to oversee 
the whole board, to understand the forces between the pieces and to use all of 
them*.

The impact we usually leave out (the other chess pieces) has a 'hidden impact'; 
a negative effect on nature and the environment. That impact occurs during the 
production and transport of things we buy and use, which often takes place on 
the other side of the world.

For example, it seems like a good idea to replace part of our diesel with biodiesel 
made from rapeseed. However, this indirectly leads to deforestation because the 
food producers who first used this rapeseed oil (e.g. for chocolate paste) had to 
change to palm oil, and palm oil production leads to deforestation. The direct 
impact of biodiesel on the environment is lower than the impact of diesel from 
petroleum, but through indirect impacts such as deforestation, biodiesel from 
rapeseed could be less favorable, in the end.

When you look at impact this way, including all of the effects, you can start 
looking for solutions that are thoroughly sustainable. These are the 'chess pieces' 
that I take into account:
 » The red pieces represent all different kinds of impact we have on the 

ecosystem
 » The brown pieces stand for the whole chain of production behind the stuff we 

use in our daily lives, from mining to discarding

More about the red and brown chess pieces on the following pages.

*The chess metaphor breaks down when it comes to the fight between the two colors, since my red 
and brown chess pieces don't play against each other. A game like 'dots' would be a better metaphor, 
but not everyone knows it. With dots you have to take all the colors into account, or you'll lose quickly.

the impact chessboard
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Red chess pieces: all kinds of impact
We use a lot of different things in our daily lives. They generally make sense: 
products, food, transport, housing. These things cause an impact on the planet, 
and usually this is an unintended side effect. At present, we pay particular 
attention to CO2 emissions, but other types of impact on the ecosystem are also 
important. I distinguish between these types of impacts (in random order): 

 » Water use
 » Land use and deforestation
 » Mining and processing raw materials
 » Depletion of wild food sources such as fish; degradation of natural habitats 

such as marshes and the ocean; loss of biodiversity
 » Emissions (harmful to humans and to nature) and waste
 » Use of fossil fuels and emissions of greenhouse gases such as CO2

water use

use of fossil energy
and greenhouse

gas emissions

we have an impact on the ecosystem with:

emission of
harmful

substances

land use and 
deforestation

mining and
processing
raw materials

overcharging wild food sources
harming natural habitats

A few examples: Farmers use a lot of water for agriculture (of course they do, 
we need that food). But when they use water excessively, fertile land could 
silt up or wash away. And many regions in the world face water scarcity. Meat 
production requires a lot of agricultural land (for animal feed), which leads to 
deforestation in some places, because fertile land is scarce. Overfishing affects 
life in the oceans. Mines that extract raw materials for our new laptops poison 
the environment. Driving and flying cause global warming. Just to name a few.

Brown chess pieces: the production 
process behind our daily lives

chain of impact

production

mining

freight

end use

< visible
hidden>

When you call someone, do you ever think about 
the energy it costs? You might, when your battery is 
about to die.

But did you ever consider what's happening in 
the gold and copper mines that supply the raw 
materials in your phone? Do you know what goes 
on in factories and during the transportation of 
your mobile device? Probably not, as they happen 
somewhere else, hidden in plain sight.

When you buy a cell phone, you do, however, pay 
for all these underlying steps in the process. And 
thus you are the one who (unintentionally) 'funds' 
the impact. As an end user, you pay money to the 
store that bought the product from a wholesaler. 
They pay the production company that hires the 
shipping company, the factory, the mine and other 
suppliers. It's just a little bit, but with your purchase 
you help finance the underlying impact. That's how 
the unaware customer helps to keep this system 
going.

The production company won't speak freely 
about their impact. On the contrary, it's not in 
their interest to show us what's going on. But the 
production processes often cause problems out of 
sight, on the other side of the world.

To figure out both the visible and the hidden impact 
of our everyday life, I've included the underlying 
chain of production in my studies. Mapping out this 
production process is called a Life Cycle Analysis 
(LCA). An LCA takes the whole chain of production 
into account, from the extraction of raw materials 
through production and (re)use to disposal. In short, 
all of the processes, from cradle to grave. It gives 
you an overview of the different types of impact. 
Ecofys has conducted eight LCAs for this book. You'll 
find them in chapters 5 to 8.
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2. Hidden 
energy

What is hidden energy?
Energy is a good example of a hidden impact. It is 
needed for all processes, just like oil in a motor. The 
impact of fossil fuels on the climate is at odds with our 
well-being worldwide. This to me is interesting enough 
so I took closer look.

When you think of your energy usage, you probably 
think: petrol, gas and electricity. But that is only part of 
the energy you actually use. Because there is energy 
embodied in transportation, in food and drinks, in the 
stuff you buy and in your home. And even making 
gasoline, gas and electricity costs energy.

38% of all the 
energy we use in the 
world is immediately 
lost in the production of 
gasoline, gas and 
electricity

13% of all the people in 
the world use over half of 
the total amount of energy 

consumption 

We use nearly 10 times 
as much energy as people 
in the rest of the world 
(per person in rich countries)

We use 30 million liters of 
gasoline per minute (that’s  
8 mln gallons; worldwide; all 
kinds of energy together)

We use five to six times as 
much energy as we think; that 
energy is hidden in the things 
we buy and use every day energy

BASED ON NUMBERS OF IEA SANKEY DIAGRAM AND THE WORLD BANK A.O.

In this chapter on hidden energy I'll answer these questions:
 » What is hidden energy and how is it embodied?
 » How much of our energy use is within our sight and which part is hidden?
 » Why do we 'lose' so much energy?
 » How about production countries such as China, aren't they the biggest energy 

users in the world?
 » How will the global energy demand evolve and how fast do we need to 

switch to renewable energy sources?
 » What is the role of politics? Isn't the climate agreement in Paris going to solve 

the climate problem?

products 
without a plug 
also use energy
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How much hidden energy?
Most of the energy used worldwide is used for the 
individual at the end of the supply chain. We as end 
consumers benefit from the energy used in factories, for 
transportation, even for public services such as draining 
polders. That's why you can attribute that energy to us, 
the end user. How much energy are we actually talking 
about?

GLOBAL ENERGY CONSUMPTION
If you divide all the energy we use annually into the 
categories visible, hidden and lost, you get this picture:
 » 'Visible' energy such as gasoline, heating and electricity accounts for 1,000 

trillion gallons of gasoline equivalent. That's a quarter of all energy use
 » I call energy use that is usually not attributed to the end consumer 'hidden' 

energy. About 1,800 trillion gallons of gasoline eq. is used in 'stuff', food, 
buildings, services, healthcare etc.; 42%

 » One third of all energy consumed in the world is immediately 'lost' in the 
production of usable energy. It takes energy to extract raw materials from 
the ground and to convert it into useful fuels and electricity. Energy is also 
lost in power plants and high voltage cables due to inefficient processes and 
transmissions. We lose about 1,400 trillion gallons of gasoline equivalents. 
Every year.

global energy consumption

hidden
in products,

food, transport,
construction,
services etc.

43%

visible: direct use
of gasoline, gas,

electricity
24%

lost during
the production

of energy
33%

ENERGY

Usually we only attribute the green wedge to consumers, but the hidden and lost energy of the two 
pink wedges are (eventually) also used for consumers.

The next page shows an overview of losses in the production of usable energy. 
For example the energy loss between the oil platform and your gas tank, or 
between the coal mine and the wall outlet. I didn't even take the yield of a light 
bulb or a car into account yet, but those losses are also huge. Often over 60%.

we often leave a 
large part of our 

energy consumption   
out of the equation

Wind | 24

Solar | 5 Lost at production
Final fuel consumption

Other renewables | 44

Hydro | 238

Nucleair | 205

Coal | 5262

Oil | 4390

Gas | 3109

global energy losses

Biomass | 1277

55%

18%

45%

29%

1 MToe (314 billion gallons of gasoline equivalent) 

SOURCE: IEA SANKEY DIAGRAM
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energy sources at a glance

GEOTHERMAL ENERGY AND OTHER HEAT EXCHANGERS
sustainable; relatively high investment at the beginning, then very low 
costs; possible to install per house but makes more sense for larger 
construction projects

SOLAR COLLECTORS
sustainable; easy to install per household; they feed on daylight, but 
combined with a boiler they provide hot water 24/7

NATURAL GAS
polluting and unsustainable; CO2 emissions should be reduced to zero by 
2040 to meet the 1,5ºC goal set in the Climate Agreement; Carbon 
Capture and underground Storage (CCS) is explored as a solution to 
climate change and to prevent earthquakes after gas and oil extraction, 
but it is still unclear whether it introduces new environmental and soil 
problems; CCS costs about 30% more energy

heat

This is an overview of different power sources. I made a distinction between the 
generation of heat and electricity. The pros and cons of each energy source are 
stated briefly. The content of these pages could fill a library, but I prefer to be 
concise.

renewable

non-renewable

SOLAR PANELS
renewable energy; they only work when the sun shines; energy storage 
is still a challenge, just as long distance energy transport. Rare materials 
are used in production of solar panels; innovation could solve these 
issues

WINDMILLS
renewable energy; but windmills use magnets, which is a rare earth; 
public opposition to 'visual pollution'

SOLAR POWER PLANT
renewable energy; only viable with lots of sunshine (desert area); 
desalinates seawater as a useful side effect; takes up a lot of space but 
in the desert that’s fine; the main challenge is long distance energy 
transport to less sunny areas

BIOMASS
at the expense of agricultural land, which leads (indirectly) to 
deforestation; rather make compost out of bio waste than burn natural 
manure for energy; in some cases it is favorable to ferment bio waste to 
biogas, burn it and use the ashes as fertilizer 

HYDRO ELECTRIC POWER
renewable energy; bound by geographical constraints; may have an 
impact on the local ecosystem depending on the location; greenhouse 
gas emissions in large reservoirs, caused by organic material 
decomposing in stagnant water; hydro is often a good solution in high 
mountains, because you can both generate and store a lot of energy with 
small reservoirs and large height differences

NUCLEAR ENERGY
nuclear energy is clean during operation; uranium mining becomes more 
polluting with concentration decrease in ore; Nuclear waste is carefully 
stored but accidents or abuse can never be completely ruled out, see 
Chernobyl and Fukushima

COAL AND NATURAL GAS
polluting and unsustainable; CO2 emissions should be reduced to zero by 
2040; see also natural gas on the left page

electricity
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Made in China
All the steps to make a product all require energy. Consider mining raw materials, 
making parts, assembling, packaging, transporting, using and disposing. Even 
the industry and the infrastructure involved contribute to the total energy 
consumption.
 

production countries consumer markets

Rich Western countries have transferred many of their production facilities to 
low-wage countries such as China and India. The plants used in these countries 
use lots of energy to make stuff for our markets. Energy in the supply chain is 
not included in energy labels nor on your energy bill. This energy is invisible to 
us, the energy is hidden from our view. We import these things and therefore we 
finance hidden energy without knowing it. 

So part of the national energy consumption in production countries should be on 
the tab of wealthy countries. To find out how much of the energy use should be 
transferred, I made a rough calculation based on the wealth of nations.

The distribution of wealth is a rough indicator of the energy consumption, 
including imports and hidden energy, because if you spend a lot of money, you 
will probably use more (hidden) energy.

To this end I divided the world into three groups: 
A. The twelve largest economies that import a lot from low-wage countries, 

and where the inhabitants consume a lot. These are the United States, Japan, 
Germany, France, UK, Italy, South Korea, Spain, Canada, Saudi Arabia, Australia 
and the Netherlands

B. The biggest production countries that produce a lot, but its people have less 
money to spend. These seven countries are: China, India, Indonesia, Brazil, 
Russia, Mexico and Iran

C. The other 127 countries in the world consist of a few wealthy and 
predominantly poor countries

The international scene is changing rapidly though. China is on its way to conquer 
a place in group A, but for this calculation I still placed China in group B. Chinese 
wealth grows so fast because the country is home to a large portion of the 
world's factories, and that's what is making China rich.

no data

12 richest 
countries

based on income, 2014 (GNP nominal)

7 biggest 
production
countries

the rest

three types of countries



3736

Imported energy 
According to The Economist all 7 billion people in the world together had an 
income of $71,000 billion dollars (in 2012). To get an idea of the distribution of 
wealth and thus of hidden energy, I made the picture below. This picture shows 
that the richest 13% of the world population owns more than half of the wealth. 
So (back-of-the-envelope-style) this 13 percent of the people used more than 
half of the energy.

distribution of wealth

The rest of the world
(39% of the people)

possess 23% of the wealth

Producing countries
(48% of the people)

possess 22% of the wealth

The twelve richest countries (13% of the world population)

possess 55% of the wealth

According to the International Energy Agency, all the people in the world use 
13,500* Mtoe of energy per year. Converted to gasoline that's 15,700 billion liters 
per year, or 30 million liters per minute. You could compare that to the amount of 
water that flows from the mouth of a considerably large river.

The top picture on the right page shows how much energy countries use 
WITHIN their own borders. In the second row you see an estimate of the energy 
consumption based on the PROSPERITY of those countries, including imported 
energy. That's a lot: 30% more than we usually take into account.

I added puppets at the bottom of the infographic to illustrate the number of 
people living in the three regions. Notice that we use a lot of energy with 
relatively few people. More about the energy consumption per person on the 
following pages.

* MToe: million tonnes of oil equivalent

energy use including imported energy

most energy is used by a relatively small group of people

B. The 7 largest 
producing countries own 
22% of the money

If these countries use 
22% of the energy, this 
amounts to 3600 billion 
liters per year
(950 billion gallons)

B. The 7 largest 
producing countries also 
use 6200 billion liters a 
year
(1637 billion gallons)

A. The 12 largest economies 
possess 55% of the money 
in the world

If these countries also use 
55% of the energy, this 
comes down to 8900 billion 
liters per year
(2350 billion gallons)

A. 0,9 billion people

B. 3,3 billion people C. 2,7 billion people

A. The 12 largest 
economies in the world 
use 6200 billion liters of 
gasoline equivalent per 
year within their borders
(1637 billion gallons)

C. The other 127 
countries in the world 
have 23% of the money

If these countries use 
23% of energy, this 
amounts to 3700 billion 
liters per year
(977 billion gallons)

C. The other 127 
countries in the world 
use only 3900 billion 
liters a year 
(1030 billion gallons)

1 puppet= 
100 million inhabitants

national energy use (within their own borders)

1 bar = 1000 billion
liter gasoline equivalent
(264 billion gallons)
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An elite of big spenders
If you divide the energy per group used by the 
number of inhabitants, you see how much energy 
the people in each group (A, B and C) use per 
person, as shown on the right page. It is obvious 
that the energy consumption in rich countries is 
higher than in poorer areas, but if you count the 
imported energy, you see that we use nearly 10 
times as much energy as people in the rest of the 
world do.

THE PROSPERITY FACTOR
If you divide the total energy use by the national 
energy use (2,588 / 1,822 gallons) you get a figure of 1.4. I call this 'the 
prosperity factor'. It gives an indication of the additional imported energy - and 
of hidden impact for that matter - which we should attribute to ourselves based 
on our relative prosperity. This is obviously a very coarse calculation. It would be 
interesting for experts to delve deeper into this matter.

INCLUDING HIDDEN ENERGY
Remember this picture from page 28? This time I took the US situation. In the US 
we 'see' only 27% of the energy used within our borders, so we use almost four 
times as much energy as we think. 

american energy consumption

energy hidden
in products,

food, transport,
construction

40%

visible: direct use
of gasoline, gas,

electricity
27%

lost during
the production

of energy
32%

ENERGY

Now I'm really going to speculate... We use four times as much energy within 
our borders. If we multiply this with the prosperity factor 1.4 due to imports, it 
appears that US citizens use over five times the amount of energy you thought 
you did. Wow!

people in rich 
countries use nearly 

10 times as much 
energy as people in the 

rest of the world

9,800 l
(2,588 gal)

1,800 l
(475 gal)

1,100 l
(290 gal)

1,350 l
(356 gal)

1,450 l
(383 gal)

6,900 l
(1,822 gal)

= 1 inhabitant

= 1000 liters of gasoline 
   equivalent (264 gal)

energy per capita
in rich countries, production countries and the rest of the world

A. People in the 12 richest 
countries use 1.4 times more 
energy than consumed on 
national territory alone, due 
to imports (9,800 / 6,900)

C. People in the rest of the 
world consume little energy 
on national territory and they 
export next to nothing

B. People who live in the 7 
production countries use only 
0.6 of the energy spent on 
their territory, due to exports 
(1,100 / 1,800) 
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The energy gap
Today's fossil fuel use already leads to global warming, but our global energy 
demand will dramatically increase in the next few decades. According to IPCC 
(the UN climate panel) the demand for energy will have doubled or tripled by 
2100. Compare that to the Paris Agreement 2015, which states that CO2 emissions 
should be back to zero by 2040 if we want to remain below 1.5°C (that's 2.7°F) 
temperature rise.

The gap between the growing energy demand and the rapid phasing out of 
fossil fuels is what I call the energy gap. I interpret this gap as our collective 
assignment for building renewable energy facilities. 

fossil fuel use back
to zero to meet the
2.7°F scenario (1.5°C)

energy demand
increase

the ‘energy gap’
should be filled with
renewable energy

the energy gap

210019501900 20402000

now (2017)

If we don't want to exceed the 2.7°F threshold, we should start phasing out fossil 
investments immediately. We have to stop using fossil fuels entirely within the 
next 23 years. This means we need to transform a fossil based economy in very 
little time. What a gargantuan task.

WILL POLITICS MAKE THE DIFFERENCE?
The Paris Agreement will probably turn out to be an insufficient instrument to 
close the energy gap, at least that's the general view. The agreement wants a 
reform mandate. Many governments still lack a thorough sense of urgency. The 
policies proposed in Paris won't lead to a sufficient reduction of CO2 emissions. 
They don't even come close. Besides, our problems reach beyond climate change 
(which we shall see in the following chapters), while the Paris Agreement mainly 
focuses on CO2 emissions.

What we need is political leadership. Governments should prioritize sustainability 
and take responsibility for the rapid implementation of measures. They need guts 
to take far-reaching decisions and the stamina to cope with the opposition of the 
powerful fossil industry. Not do the reverse...

On the other hand the above picture shows how badly we need industry and end 
consumer to close the energy gap. Hopefully the lack of action in the political 
arena stimulates business and consumers to take the initiative and make the 
necessary changes themselves. Then indirectly something good can come of the 
current political US landscape.

energy demand

1990

challenges for politics, business and consumer

2100
required fossil fuel reduction 
to meet the 2.7°F scenario (1.5°C)

policy proposals
in Paris 2015
36.3 - 36.8°F
(2.4 - 2.7°C)

current world
climate policies
5.7 - 7°F
(3.3 - 3.9°C)

20402000 2016

remaining challenge for politics, 
business and consumer: to stay 

under 2.7°F (1.5°C) global 
warming. This is up to us all!

about 1.8°F (1°C) less 
temperature increase 

as a result of the 
Paris Agreement

renewable 
energy

fossil fuels
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Example: energy supply in the Netherlands
Interesting things are happening. An NGO called Urgenda sued the Dutch 
government in 2015 for neglecting the interests of Dutch citizens by failing to 
reduce CO2 emissions. The court ordered the state to reduce CO2 emissions with 
25% by 2020 compared to 1990.

Simon Kalf is active in Dutch politics and he is 
involved in the energy transition. He calculated how 
we could switch to renewable energy in 23 years. This 
is what he told me:

Maintaining energy security requires a mix of 
different renewable energy sources and ways to store 
that energy. Because the wind doesn't always blow 
and the sun certainly doesn't always shine in Holland. 
Kalf advocates a mix of 60% solar energy, 30% wind 
energy and 10% geothermal energy.

It would take 850 million solar panels and nearly 
10,500 windmills to provide the current Dutch 
national Dutch energy demand. But erecting 2000 
mills in the past caused a lot of resistance, so how 
will we manage 8,500 more? And where to put 
all those solar panels? Only a part of all these panels fit on all Dutch rooftops 
combined. We could go for solar fields in the Dutch landscape or move part of 
the solar energy production to the North African desert.

Besides all these technological and logistical challenges it is, above all, a matter 
of mentality. And that's what worries Simon. He experiences a lot of resistance to 
the energy transition in his work.

Organizations like Urgenda and Greenpeace have also released several scenarios 
that show we can fully reform our energy supply in 20 to 30 years. Whatever 
energy mix they choose, they all come to the conclusion that a switch to 
renewable energy is technically possible, the solution is often cheaper than coal 
and gas, and the transition creates jobs.

These organizations seem more optimistic than Simon, because Simon takes 
political and social resistance into account and the environmental organizations 
do not. It goes without saying that the NGOs need to point out the advantages, if 
people are to adopt their ideas. 

we are the first 
generation to feel 

the effect of climate 
change and the last 

generation who 
can do something 

about it
BARACK OBAMA

True pricing
There's an imbalance in the global economic system: fossil fuels and pollution 
are both heavily subsidized. 'Say what? Subsidies on pollution?' Yes, because if 
you do not have to pay for polluting (which is often the case) society will pay for 
the damage collectively and that is a form of subsidy. In the case of the fossil 
industry, they are subsidized even more directly. They actually receive money 
from governments. A lot of money. Worldwide they get five times more funds 
than sustainable energy projects do.

If you had to pay for hidden energy like you pay for gasoline at the pump, it 
would cost the average American person 8,000 dollars per year*. The idea of 
incorporating (future) damages and costs into the price of goods and services 
is called 'true pricing'. It is a way to solve the economic imbalances mentioned 
above.

true price

social
cost

environmental
cost

product
cost

product
cost

retail price

*Assumptions and calculation:
 » The U.S. use a total of 71,000 PJ per year (IEA Sankey Diagram)
 » PetaJoules to liters of fuel: divide by the conversion factor 34.2 MJ / liter, then convert to gallons
 » Multiply by 'prosperity factor' 1.4 (page 36)
 » Divide by 319 million U.S. citizens (U.S. Census Bureau)
 » Multiply by petrol price 3.30 dollars per gallon

If we had to pay the true price for kerosene, flying would become very 
expensive. The same goes for mobile devices, driving a car and gas heating. 
Sustainable choices would become a lot cheaper than the unsustainable 
alternatives and renewable energy would be much cheaper than fossil fuels.

True price is not an imaginary figure. We are already facing these costs. Take 
hurricane damage, floodings or respiratory diseases for instance. The IMF 
estimates the uncovered costs to be $5,300 billion worldwide annually. That's 
about $725 dollars per world citizen. We're wasting money here! 
(See also pages 160, 161).
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3. The 
impact 
top 10

The ecological impact of your daily life
In the previous chapter we discovered hidden impact. The next step is to find 
out what that means for the choices we make at home. In this chapter, I'll 
investigate hidden impact in our daily lives. 

PENNY-WISE BUT POUND-FOOLISH?
It is easy to focus on obvious (or visible) impact. Things that 
we encounter everyday, like packaging, gasoline, chargers and 
heating, grab our attention. However, research shows that the 
visible impact is only a part of our overall impact. If you only 
address visible impact and overlook hidden impact, you run the 
risk of acting 'penny-wise but pound-foolish'. Your current efforts 
to live more sustainable may turn out to be less effective than 
they could be. That's actually good news, because it means that 
low-hanging fruit is just waiting to be picked.

Lonneke de Graaff and Geert Bergsma are experts from CE Delft. They compiled 
an impact top 10 upon my request. It shows the impact of the things we do 
in our everyday lives, including a variety of hidden impacts. For example, to 
calculate the impact of meat, we look at feed production and the deforestation 
that comes with it. To determine the impact of living in a house, we include 
the impact of its construction and even the role played by required bridges and 
roads. For the impact of driving a car, we include the mining of steel and raw 
materials and the pollution that comes with mining and industry. These are 
examples of hidden impact which we included to unveil the real impact of our 
daily habits.

COMPLICATED
I went to different experts and asked them if they could calculate the impact 
top 10 for me, and they told me it was impossible. They said there is no 
scientific method that includes all kinds of impact. I was blown away. How can 
we overcome the biggest challenge of our time if we can't even investigate 
the problem properly? That made compiling this top 10 rather complicated. We 
need more time to develop a better method, but in my view - and according to 
virtually all climate scientists - we have no time to lose. So I went ahead anyway 
and we came up with our best possible approximation. 

This is what we did: CE Delft used a method that includes all impacts except 
for water, and their top 10 comes close to a complete picture. Then I added the 
missing impact, water, myself - with CE Delft's blessing, of course. The result is 
a top 10 that gives us a good impression of the impact our daily life makes and 
paints a picture that looks different than what we're used to.

improve 
your biggest 

impacts first
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housingmeat car flyingstuff,
products

veggie food
fish & drink

hot water public
transport

dairy &
eggs

clothes
& textile

the impact top 10
of an average american

Hidden greenhouse 
gas emissions

Land use and 
deforestation

CO2

CO2

Plastic pollution
three-step indication*

Water
indication* 

Different kinds of 
pollution

Greenhouse gas 
emissions during use

*Can’t add water to the
other impacts with the
ReCiPe-method

First conclusions from the top 10
Do you see those green 'greenhouse gas emissions during use' bars on the left 
page? This is the list we usually see. It shows that, indeed, the number one 
impact is the car, and heating the house is number two, just like we're used to 
think. The two pink bars and the brown ones beneath the green bars are hidden 
impacts. If you also include those you get a different list: Products have the 
biggest impact, followed by eating meat.

A second conclusion is that we have almost 
four times more impact as we usually take 
into account. If you add the pink impacts and 
the brown ones, you can see that greenhouse 
gas emissions during use are just 29% of the 
total impact (picture on the right). And I'm 
not even including water, because we can't 
compare water with the other impacts. So the 
real hidden impact is even bigger than 71%. This 
is something I would love to determine more 
accurately with a group of scientists.

IMPROVING YOUR IMPACT
If you look at the top 10, you clearly see the 
main steps you can take to reduce your impact. 
You can start with the products you buy, your 
food, your home and your transportation. In the 
following chapters, I'll investigate these four 
areas and in Part 3 I'll elaborate on the solutions.

Here's a brief summary of what you can do if you want to address the three 
biggest impacts:
1. The stuff we gather around us has the biggest impact on the ecosystem, 

mainly caused during its production. You could avoid buying new products 
by renting, lending, or leasing. Buy only the things you really need and give 
unused stuff a second life. Don't throw anything away, be creative

2. Meat is impact number two. The main cause is feed production, which leads 
to deforestation. Greenhouse gas emissions from animals also play a role. You 
could eat vegetarian or vegan. If you love meat too much to let it go, you can 
opt for better varieties, like chicken, and choose smaller portions

3. Number three is the car. Most of the time people use the car on short 
distances. You could take the bicycle on trips below five miles and take public 
transportations for longer distances.

only 29% of our impact is visible

71% of our impact is hidden

29%

20%

29%

23%

CO2

CO2
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Explanation of the top 10
THE 10 CATEGORIES (THE BARS IN THE GRAPHIC)
All parts of the top 10 are calculated per person per year, and they are based 
on average American behavior. On the following pages you can see what we 
included and what we didn't. In Part 3, you can benchmark your own habits to 
this top 10 to see what your own impact is. We haven't investigated services, 
because they are immaterial. 

METHOD
CE Delft has calculated the impact top 10 using the ReCiPe method. This method 
expresses environmental impact in points. The ReCiPe method gives an indication 
of damage to human health, ecosystems and financial damage caused by 
resource depletion. The full report is downloadable on www.thinkbigactnow.nl.

We distinguish four types of impact in the top 10:
 » 'Emission of greenhouse gas during use' is the emission of CO2 and other 

greenhouse gases caused by using these products in our daily lives
 » 'Hidden emissions of greenhouse gases' are emissions that take place out 

of our view for the production and disposal of the products. In other words, 
emissions caused by mining, manufacturing, transportation and refuse

 » 'Different kinds of pollution' are toxicity, particulate matter, smog, radiation, 
acidification (acid rain), eutrophication, but also depletion of raw materials

 » 'Land use and deforestation' includes agriculture, urbanization, and 
degradation of nature and soil

WATER & PLASTIC
Water use has a significant impact on local ecosystems and plastic pollution is 
a global problem. Yet water and plastic pollution are not included in the ReCiPe 
method. As far as I know there is no other method which combines all the 
impacts. The impact of water use varies per location and season and that's what 
makes it so difficult to include its impact. Plastic pollution is a relatively new 
problem, which lacks research and data.

With the consent of CE Delft, I drew water droplets in the impact top 10. This 
gives a feel for the areas in which water plays a role. And we also researched 
plastic and came with this three-step ranking. I hope to find a better method (or 
to codevelop it) which includes all impacts. But until then, this will have to do. 
The data CE Delft used for the other types of impacts (within the ReCiPe method) 
is reliable. All in all, this top 10 gives a good impression of the impact of an 
average Dutch consumer. 

1. 'STUFF': SPENDING 4,000 DOLLARS PER YEAR
The average American spends 4,000 dollars on stuff annually. By 'stuff' I mean 
consumer goods such as electronics, toys, furniture, household appliances, paper, 
etc. Products you can buy in a department store, or stuff you put in a box when 
you move house. I suspect a complex product containing rare materials has the 
biggest impact. A cell phone will have much more impact than a rubber duck, for 
example. Something I would like to dive into deeper, but I don't have the time 
nor the money for it right now.
 » The category 'stuff' is an estimation based on imports plus what is made in the 

US. We included the entire supply chain of products, also the part abroad. We 
subtracted US exports from production and imports, so only the items that are 
actually used in the US remain.

 » Electricity consumption at home is included. Television, computers, audio / 
video equipment, household appliances, leisure, personal care and other 
electricity use; anything that is not directly 'attached to the house' (for 
example, electricity for air conditioners are excluded from this category. They 
belong to the category 'housing')

 » The infrastructure (waterways, roads and bridges) for transportation of 
products. We only include the share of freight transport (trucks and vans) that 
can be attributed to 'products'

 » The construction of buildings that have a commercial purpose of producing or 
selling 'stuff' (like factories and warehouses)

Side note: an overestimation and underestimation 
 » Stuff that is used in businesses is also included in this category. The end use of businesses is also 

for the benefit of the consumer, so it is actually a hidden impact. For example, I would rather assign 
a computer used by car companies to 'car' than to 'stuff'

 » However, energy consumption of the 'stuff industry' is not included in this category. 
I don't know whether the overestimation and underestimation cancel each other. Probably not. It 
would be good to further investigate this issue.

2. MEAT: 250 POUNDS PER YEAR
250 pounds of meat per year means 11 ounces per day, but that includes 
slaughter waste and food waste. Only about 6 ounces actually reach the mouth. 
Included the calculations of 'meat': 
 » The entire production process of meat, including growing fodder, deforestation, 

methane emissions through the breath and farts of cows, land use, etc.
 » Gas consumption for cooking (the share of gas for cooking food is 11% of the 

total gas consumption in the home, and only a small portion is used for meat)
 » Electricity consumption in the kitchen for cooking, dish washing, refrigerating 

and freezing (31% of the electricity use at home is spent in the kitchen)
 » Construction of infrastructure (waterways, roads and bridges), the part for 

transporting meat
 » Construction of barns and stables 
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3. CAR: 12,000 MILES PER PERSON PER YEAR
 » The fuel consumption of driving the car, including fuel production
 » The production of the car itself
 » Roads, tunnels and bridges to the proportion of passenger transport

4. HOUSE: ENERGY USE, 400 M3 GAS AND 4450 KWH PER PERSON
You heat your house and you use electricity, which is only a part of your gas 
and electricity use. Average annual usage is 250 m3 of gas for heating and 1700 
kWh of electricity for lighting, ventilation and heating. The numbers mentioned 
are per person. For a household, the living space and the energy consumption 
are on average 2.2 times as much. Energy use has impact, as we know. But the 
construction of your house has also had an impact. And the roads, cables and 
sewers needed to make your home ready for use should be attributed to the 
impact of living in your house. 
 » Gas for heating of the house (which is 63% of total gas usage)
 » Electricity for things that are "stuck" at your house: lighting, ventilation and 

heating (the rest we charge for food and stuff)
 » The production of materials for the construction of housing
 » Land, road and water works to the proportion of homes (such as sewers, 

cables, pipes, dikes, etc.)
 » Transport of building materials

5. VEGETABLE FOOD, FISH & BEVERAGES: 2900 POUNDS PER YEAR
Under 'vegetable food, fish & beverages' I mean the remaining food and 
beverages, so anything but meat, eggs and dairy. In Holland, beverages account 
for more than 70% of this category and therefore fish and vegetarian food are in 
the last 30%. In the Dutch top 10 fish scores low because the Dutch don't eat a 
lot of fish, an average of 3.6 kilo per year. I don't know the exact US numbers, but 
eating more fish wouldn't improve your impact.
 » All foods and beverages, except meat, eggs and dairy
 » Gas use for cooking (according to the share in the total food preparation 

category, this also applies to the items below)
 » Electricity for cooking, dishwasher, fridge, freezer and kitchen appliances
 » Construction of roads, waterways and bridges
 » Construction of greenhouses

6. CLOTHING & TEXTILES: 78 POUNDS PER YEAR
The 78 pounds of textile can be roughly compared to 160 pieces of clothing.
 » What we buy on clothes and household textile, including cotton production, 

fabric production etc.
 » Electricity for washing and drying 

7. FLYING: 4250 MILES PER YEAR
The impact of flying seems to be quite modest in the seventh place, but that 

may be subject to misrepresentation. The impact is proportional to the distance 
and you can so easily fly more than average. If you fly to Bali, for example, flying 
rises straight to place three in the top 10. More about it in chapter 7 on transport. 
 » Business and leisure flights are both included. The 4250 miles is the return 

flight, so the average travel destination is 2125 miles.

8. DAIRY AND EGGS: 300 POUNDS PER YEAR
 » The entire production chain of dairy and eggs, including the cultivation of 

livestock feed, deforestation, methane emissions of cattle, land use etc.
 » Gas for cooking (as little as in meat, 0.3% of total household gas consumption)
 » Electricity for cooking, dishwasher, fridge, freezer and kitchen appliances (for 

the share of dairy and eggs, this also applies to the items below)
 » Construction of roads for transportation of food 
 » Construction of barns and stables for the animals

9. TAP WATER: 100 M3 GAS, 520 KWH AND 43,300 GALLONS OF WATER PER YEAR
The impact of taking a shower is mainly due to gas use to heat the water, and 
not so much in water depletion. 
 » Water use
 » The gas use for heating water
 » Electricity use for water

10. PUBLIC TRANSPORT: 1240 MILES PER YEAR
 » The energy use by train, tram, bus and subway, including the production of 

fuel, the means of transport and infrastructure construction

JEVONS PARADOX
By the way, if you start reducing your impact, please beware of Jevons paradox. 
Sometimes, more efficient technology leads to higher instead of lower 
consumption. When something becomes cheaper or more efficient, it feels 
natural to increase the use. I know it sounds weird, but think about it: how easy 
is it to let your energy saving light bulb burning all night? Saving lamps do result 
in energy savings, but these savings are 20% to 30% less than they could be, due 
to an increased use of these lamps. It's like eating a cake after exercise or driving 
more often in a fuel efficient car. If you eat vegetarian for a day, can you take a 
shower for hours? Nope, we need to reduce our impact, not replace it!

SAVING MONEY?
Another interesting phenomenon: one dollar is not the other. One dollar spent 
on meat or flying has roughly four times as much impact as one dollar spent on 
consumer goods. If you save money by buying less products, please pay attention 
to how you spend your savings. Preferably you don't spend it on something with 
a higher impact, such as meat or a long distance trip.
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4. The four 
areas

The influence of your daily life
Up to now I have taken you on a journey high up in the sky, overlooking our 
human impact on the planet. The impact top 10 shows the impact of the average 
Dutch consumer. In the next chapters I will zoom in even further to the scale of 
your living room by examining cases. Sometimes, however, I will zoom out again 
and look at a case from a distance, when there are interesting things to see.

This chapter addresses the four areas in which you have much influence as a 
consumer: stuff (non-food, divided into products with and without a plug), food & 
drinks, transport and housing. The sectors are composed of the top 10 categories.

housestuff
products

food &
drinks

transportation

four areas

Chapters 5 to 8 each represent an area. I will discuss the impacts of each area 
and, with the help of Ecofys, I examined eight cases in order to put the theory 
into practice. Ecofys performed a standardized life cycle assessment (LCA) to 
quantify the impact in the production process. I've also added my own findings 
to the cases when I unearthed interesting facts. At the end of each case, I will 
answer the question 'what can I do?'

 

production process

production,
industry

mining, raw
materials

usetransportation discard
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Four areas
STUFF, PRODUCTS
The area 'stuff', products or consumer goods is composed of the top 10 categories 
of 'stuff' and 'clothes & textile'. Mining, manufacturing and transportation of new 
products have a large impact. In this area of stuff (non-food), we examine one 
commodity without a plug and one with a plug: jeans and a laptop.

FOOD & DRINKS
This area is made up of 'meat', 'dairy & eggs' and 'vegetal food, fish & drinks'. 
The food area has the biggest impact of all if water were to be included in the 
calculations, but now it is area number two. This shows the importance of an 
impact calculation method that includes water. 

Food & drinks is a complex subject, perhaps the most complicated of the four 
areas. Therefore, it is a big chapter. Various types of impacts such as water, land 
use, pollution and deforestation play a role. How are we going to provide 10 
million people with sufficient food and water in the future, while our impact on 
the global ecosystem puts agriculture under pressure? We examine two cases: 
beef and tomato sauce. 

TRANSPORTATION
This area of personal transportation consists of the top 10 categories of 'car', 
'flying' and 'public transport'. Most of this traffic is still based on fossil fuels. 
Driving and flying have the biggest impact, so we chose these as cases.

HOUSE
The area 'house' is composed of the categories 'housing' and 'tap water'. How 
much energy is actually hidden in the construction of your house? This is an 
issue, whether you are moving, renovating or building a house. You also have an 
influence living in your place. People use a lot of energy at home, typically in the 
form of gas and electricity. The cases are showering, which uses gas and water, 
and solar panels to produce electricity.

housefood &
drinks

transportationstuff,
products

Hidden greenhouse 
gas emissions

Land use and 
deforestation

CO2

CO2

Plastic pollution
three-step indication*

Water
indication* 

Different kinds of 
pollution

Greenhouse gas 
emissions during use

*Can’t add water to the
other impacts with the
ReCiPe-method

the four areas
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5. Stuff

What is the impact of 'stuff'?
We have a large impact on the planet by the regular purchase of non-food 
consumer goods. Perhaps it is the most overlooked area of the four. Mining and 
manufacturing products for the consumer play the biggest parts in the overall 
impact. Mining and production pollute the air, water and soil, and manufacturing 
costs a lot of energy.

Often raw materials and components from all over the 
world come together in one product. Transport, packaging, 
offices, factories, using and then discarding the product all 
have impact on the planet.

We have moved a lot of the production of our stuff to low-
wage countries, and thereby we have moved the majority 
of the corresponding problems out of our sight. 

where’s the impact?
using stuff
(electricity)

10%

infrastructure 4%

mining, 
manufacturing

& transportation

86%
visible impact
hidden impact

STUFF

Impact of the average American person, according to the ReCiPe method without water

Environmental legislation is often insufficient in these low-wage countries and 
these production processes often go hand in hand with poor working conditions. 
In this book I chose to leave social issues aside, however important and dreadful 
they are. To me, whilst adjacent, they are a separate matter. They are an inter-
humane issue and not primarily an environmental matter.

In this chapter, I investigate the hidden impact of products by studying two 
examples. Throughout the book I have chosen commonly used products as case 
studies. In this area I chose one product with and one without a plug: a pair of 
jeans and a laptop.

purchasing power: 
the power to  not 

purchase what you 
don't need

LOESJE
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the impact of making jeans

CO2 eq

water

manure

land

growing
cotton

producing
yarn & fabric

tailoring sales and
transportation

use: washing
& dryng

discarding

Case: A pair of jeans
Many people have one: a pair of denim jeans. But what is the impact of jeans on 
the ecosystem? Below you can find an graphic of different types of impact in the 
production process, followed by an explanation. CO2 eq

LAND

MANURE

WATER

HIDDEN GREENHOUSE GAS EMISSIONS
How often do you wash your jeans? The greatest climate 
impact of jeans can be attributed to the use of washing 
machines and dryers. The impact of washing and drying 
your jeans is about 12.5 kg of CO2 equivalent. You could 
compensate this with two trees. Of course the amount 
depends on how often you wash the jeans and whether 
you use a dryer or a washing line. The second major cause 
of CO2 emissions is the process in which cotton is turned 
to yarn and then to fabric. this requires a relatively large 
amount of energy.

HIDDEN WATER USE
Water use is another significant impact. The biggest portion 
of water use is not for washing jeans (as you might think), 
but for growing the cotton. Cotton plants used for one 
pair of jeans need over 660 gallons of water, while cotton 
grows in areas where water is a scarce commodity. The 
average annual water use for washing pants is 225 gallons. 
Of course, this also depends on how often you wash the 
pants. A washing machine uses over 13 gallons per wash.

HIDDEN EUTROPHICATION
Nitrogen and phosphates cause a manure surplus in 
nature (eutrophication). Eutrophication has all sorts of 
weird effects on life in water and on land. Fish suffocate 
by proliferation of algae in a ditch. The lavish amount 
of nettles and brambles in nature are a visible result of 
eutrophication. Nitrogen is an ingredient in fertilizer, which 
is used to increase the yield of cotton crops. You might 
have heard about phosphates in detergents but these are 
prohibited in the EU from 2017. These substances can enter 
surface water through the sewer. The biggest cause of 
eutrophication is cotton cultivation. 

HIDDEN LAND USE
Last but not least, land use plays a role in the impact 
of jeans. The largest part of land use is caused by the 
cultivation of cotton plants: about 80%. It takes about 100 
ft2 of farmland to grow the cotton for one pair of jeans.
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A jeans causes 70lb of CO2 
emissions, which is comparable to 

driving 100 miles in your car

CO2

The16 largest container 
ships (which move products 
to our shops) emit as much 
sulfur as all the cars in the 
world together

jeans

Farmers use lots of 
harmful fertilizers and 
pesticides to grow cotton

100ft2 of farm land 
provides the cotton for 
one pair of jeans

2.5% of all arable 
land in the world is used to 
grow cotton, that’s an area 
the size of California

Chemicals for dyeing 
and bleaching the fabric 
are polluting. And at home 
you probably use harmful 
detergents

Up to 2,600 gallons of water 
could be hidden in a pair of jeans. 
You could take 200 showers with 
that amount of water (based on 6 
minutes per day)

the various impacts of jeans What can I do? 
 » Want a new pair of jeans? First consider a second hand specimen. This reduces 

a lot of environmental impact (and it probably saves you money too)
 » The second best option is a pair of jeans made from organic cotton. This type 

of cotton is grown without pesticides and fertilizers. However, the yield of 
organic farming is lower, which means more plants are needed to grow the 
cotton for one pair of jeans, resulting in more land and water use

 » Get rid of your machine dryer and line dry your clothes. This saves a lot of 
energy, since the machine dryer is a major energy spender. Wash your laundry 
at low temperatures and be careful not to use too much detergents

 » If your pants are not worn out but you don't want to wear them anymore, give 
them a second life by passing them on. Bring them to a secondhand clothing 
store or to the Salvation Army

 » If your jeans are worn, fix them. Or if that is not an option, the textile fabrics 
can be recycled and reused. This saves a lot of water, reduces CO2 emissions 
and eutrophication

 » If you love fashion, don't buy too many clothes that you'll no longer want to 
wear after one season. Cleverly combine these few fashionable items with 
beautiful basics that last longer. There's even a term for this: 'slow fashion'

 » Reward companies that do their best with your purchase and commend them 
on social media. They often have to struggle and they could use a bit of help. 
This goes for all sustainable products in all sectors
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Case: laptop
You probably can't imagine a life without a laptop anymore, but you have ever 
considered the amount of energy and raw materials used to produce a laptop and 
how polluting that is? An overview of the different impacts:

global
warming

toxics

particulate
matter

loss of
biodiversity

mining & manufacturing transport packaging use disposal

the impact of producing a laptop

WHERE IS THE BIGGEST IMPACT IN THE SUPPLY CHAIN?
Each step in the production process adds to the overall impact of a laptop. Of all 
of these steps, mining and production (the red parts) have the biggest impact 
by far. So instead of the electricity powering the laptop, as I thought, it is the 
production of the laptop itself which causes the greatest impact.

The mining the raw materials for a handful of components is responsible for 
95% of the overall impact. Of these, the motherboard and screen are the worst 
culprits. The motherboard alone causes half of the impact, while the mass of this 
component is relatively low.

All other steps in the process - transport, packaging, use and disposal - have less 
impact, but it does make a difference how much you use the laptop. Electricity 
has a bigger impact with high volume users. 

DATA TRAFFIC
A laptop also has a hidden impact through data centers. Web browsing, 
streaming and syncing photos and data to the cloud costs a lot of energy. Video 
is taking up more and more space on the internet. Netflix and Youtube are great, 
but especially in Ultra HD they mean lots of data traffic. Data centers are not 
incorporated into the infographic on the left, because that is based on sources 
which don't incorporate data traffic. It's a pity I can't merge the information, 
because data centers use lots of energy and water to cool the equipment. Rough 
estimates indicate that to download 1 Gigabyte uses up to 50 gallons of water, 
and to read twenty e-mails per day equals greenhouse gas emissions of driving a 
car for 600 miles. Jeez, talk about hidden impact!

LAPTOP OR DESKTOP?
The laptop has less impact than a desktop PC with a separate monitor. The 
laptop is made with less material. It also uses less energy (up to a factor of 10). 
Manufacturers have not made laptops energy-efficient to save the environment, 
but to make it run for a reasonable amount of time with only a small battery. 
This is a nice example of how saving the environment and doing business can go 
hand in hand.

TOXINS
A laptop contains all kinds of materials, such as copper, cobalt/nickel, gold, tin, 
aluminum, plastic and glass. Mining for copper and gold is especially polluting. 
Cyanide and mercury are used to separate gold from the ore, leaving extremely 
toxic waste water behind. I've made a rough calculation to get a feel for the 
amount of toxins: If you were to dilute the chemicals that are released during the 
production of a laptop to reach a safe level, you would need to dissolve them in 
2000 Olympic pools. Please don't get me wrong, of course I'm not suggesting we 
should dilute harmful chemicals in swimming pools, it's just to give an idea of 
the massive amount of toxins involved for the production of a new laptop.

22,000 pounds of ore contains
1.8 oz of gold, enough for 64 laptops

or 10 gold rings

4500 laptops weigh 22,000 pounds
Together they contain 7 pounds of gold,

enough gold for 700 rings 

laptops

gold for 700 rings

ore

gold for 10 rings
gold in a laptop 

2000 swimming pools to dilute the toxins of 1 laptop

 » The different toxins that are released during mining and production are expressed in a single toxin: 
1,4-dichlorobenzene. For one laptop that amounts to 1,384 lb of 1,4-dichlorobenzene

 » The safe amount of 1,4-dichlorobenzene in drinking water is 70 micrograms per liter of water
 » That means you would have to dilute the toxins that are released in the production of one laptop 

to 2.2 billion gallons of water to reach safe levels, which compares to about 2,000 large 50-meter 
swimming pools
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RECYCLING
Reusing materials or products is a good way to reduce impact. It saves raw 
materials and energy, and recycling causes less pollution than mining. But as 
long as global prosperity continues to grow, we will need more resources than 
we've already dug up. For example, only 20% of the global aluminum demand is 
met by recycled aluminum. So for at least the next few decades recycling alone 
can't meet the demand.

reuse product
(second hand)

incinerate 
or landfill

optimal reused, low impact

partly reused, medium impact

wasted, high impact

reuse of
parts

reuse of
materials 

sustainable
design

upcycling*

various types of recycling

to use existing product
in a different way, 
adding value

*

Recycling of laptops makes a lot of sense. Take gold for example. A tipper full 
of raw ore will on average contain about 1.8 oz of gold, while a tipper full of 
discarded laptops contains 7 pounds of gold. 

22,000 pounds of ore contains
1.8 oz of gold, enough for 64 laptops

or 10 gold rings

4500 laptops weigh 22,000 pounds
Together they contain 7 pounds of gold,

enough gold for 700 rings 

laptops

gold for 700 rings

ore

gold for 10 rings
gold in a laptop 

2000 swimming pools to dilute the toxins of 1 laptop

What can I do?
 » Architect Thomas Rau told me during an interview that he is constantly 

optimizing his possessions. Everything he didn't use for more than a year he 
sells or gives it away. So products, components and materials stay 
in circulation for use. Cool right? Sell stuff you do not use or give 
them to someone who needs it. Do you still have an old laptop 
lying around somewhere? Don't leave it catching dust, but rather 
put it back into circulation

 » Just buy less stuff
 » Use your old laptop as long as possible, and have it fixed when it 

is broken
 » Take a moment to reflect upon your desire to buy a new one. Do 

you really need a new laptop or is it more of a luxury? (This also 
goes for a new cell phone!)

 » If you do buy a new laptop, choose a refurbished or a second 
hand model

 » Choose a proper model with the right specs (like enough memory or a good 
screen), so you can use it for a long time. In that way you can postpone the 
purchase of your next laptop

 » Although the production of the laptop the most polluting link in the life cycle 
of a laptop, to save energy during use is still a good idea, especially when you 
link your laptop to a large screen

 » Take a look at your data usage. Can you save on data somehow? This makes 
a difference. Of course data centers need to make their processes sustainable. 
But until they do, we can make a difference ourselves by keeping our data 
usage contained

 » The number of opportunities to rent or lease products will probably increase in 
the future. Rent or lease a product if such a service provider emerges

refuse 
doesn't 

exist
VAN GANSEWINKEL 
WASTE PROCESSOR
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6. Food & drink

The impact of food & drink
Average Americans eat about 2,000 pounds of food 
per year and they eat about 2,000 chickens in their 
lifetime. Daily eating habits make a big difference.

DIFFERENT KINDS OF IMPACT
With food, various types of impact play a role. How 
are we going to provide 10 billion people with 
enough food in the future, while our consumption 
puts agriculture under pressure? 

In short, this is what's going on: 
 » To produce and transport food requires energy. This adds up to 15% of the 

total energy use worldwide
 » Farmers are faced with salinization and erosion of fertile soil. The amount of 

soil degradation depends on circumstances and agricultural methods
 » The land that is most suitable for agriculture is pretty much all cultivated, 

but the demand for arable land increases. Cultivation of arable land leads to 
deforestation in parts of the world

 » Freshwater is essential for food production. The major part of freshwater use 
in the world is used for agriculture and livestock

 » Pesticides and fertilizers are necessary to meet the global demand for food, 
but they are also polluting and harmful to nature

 » Livestock is polluting, it takes a lot of land and water, and the animals emit 
greenhouse gases

 » Monocultures (single crop farming) disrupt the biodiversity
 » Climate change increasingly leads to crop failures
 » And to think that a lot of food is lost on the way to your plate (and even from 

your plate, right?) 

On the following pages, I investigate the magnitude of these problems and I 
look for solutions. To this end I had long interviews with Professor Rik Leemans 
(Wageningen University), among others. 

CASES
The first case deals with beef, which has by far the greatest ecological impact 
of any food. The second case is about tomatoes and the difference between 
sustainable and fresh produce. Fruit and vegetables make up just a small part of 
the impact of food. Drink is three times as large (think of soda, juice and coffee). 
But in this tomato case I also look at the impact of packaging. A hot topic, but is 
that rightly so?

new farm land 
is cultivated at 

the expense of 
forests, which we 

also need badly
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15% of the world energy is used for food. Agriculture, processing raw crops into 
a product, shops and households all consume a lot of energy. Interestingly, 
packaging and transport account for a relatively small part of total energy costs.

Impact of the average American, according to the ReCiPe method, without water.
Taking the car to the shop, however, is not included here but it's covered in the category 'transport'. 

The above graph shows a breakdown of the impact of our food and drink. You 
can see that the impact of food and drink itself is much bigger than that of 
cooking and cooling. Meat alone causes almost two-thirds of the impact. On the 
next few pages you will learn about the different types of impact food has on 
nature, climate and environment.

energy in your food

WORLD
ENERGY USE

29% cooking & cooling

20% production

15% retail

14% production

12% restaurants

6% packaging

4% transportation

15% in food

where’s the impact?

meat
58%

electricity for food 16%

gas for cooking 2%

plant based food 4%

dairy and eggs 9%

drinks 10%

FOOD&DRINK

infrastructure 1%

how we use our scarce arable land
55% food
for people

36% food 
for livestock

9% bio fuels, 
cotton, industry

there is almost 
three times more 
grassland in the 
world as there is 

cropland

cropland

grassland

Just 10% of land in the world is suitable for growing food. Only half of the arable 
land is actually used to grow food for people. The rest is mostly used to grow 
animal feed. There is almost three times as much pasture for livestock than there 
is arable land for crops. Not all this pasture land is equally suitable for agriculture, 
and according to Leemans, cattle on pasture can be a beneficial use of land that 
is otherwise unusable to grow food. 

world agriculture and livestock

agriculture livestock

SOURCE: EARTHSTAT
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A staggering 82% of US freshwater consumption is used to irrigate food crops, 
fodder, cotton and biofuels. The rest is mostly used in industry. Only 4% of our 
fresh water is used as tap water. The picture on the right page shows how much 
water is hidden in one portion of a food or drink.

The use of water is hardly a problem in rainy Holland (not yet anyway), but this 
is not the case in dry areas such as California or the south of Spain farmers are 
faced with water scarcity at least part of the year. A lot of groundwater reserves 
around the world are declining, so farmers need to optimize water use. Take for 
example the Ogallala Aquifer, which provides nearly all of the irrigation water in 
the High Plains, one of America’s top grain regions. The Ogallala is being depleted 
in Kansas, and some areas have only a few decades of water remaining. Ogallala 
is one of a handful of major aquifers in the world that are under stress due to 
agriculture.

hidden water

HIDDEN
WATER

14% of our
water use is hidden 

in products

only 4% is 
tap water 

82% of 
water use in the 
world is hidden in 
food

how many gallons of water per serving?

1 serving of potatoes
(8 oz)

1 slice of bread
(1 oz)

1 cup of tea
(8.5 oz)

1 cup of coffee
(4.2 oz)

1 serving of beef
(4.2 oz)

475

1 serving of pork
(4.2 oz)

165

chocolate (1.8 oz)

225 1 serving of chicken (4.2 oz)

33

1 egg (2.1 oz)

52

1 glass of milk
(8.5 oz)

60

1 serving of rice
(3.5 oz)

70
7

cheese for 1 slice
of bread (0.7 oz)

25

35
5

17
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Organic or intensive farming? Or...?
Both organic and intensive agriculture have pros and cons. I give an overview of 
both so you can form your own opinion. By the way, 'health' and 'sustainability' 
are not synonymous. It strikes me that the two are often wrongly confused. 
Good to keep that in mind.

On the one hand, agriculture needs optimization to meet the growing world food 
demand. Organic farming takes up more space. Efficient and large scale industry 
also means a lower price, and people want cheap products. On the other hand 
we need to reduce the impact of agriculture. 

MEAT
Organic meat has pros and cons. The animal lives longer and therefore it uses 
more space and food. That food is grown organically but more of it is lost (see 
right page). In terms of animal welfare organic is the better choice. 

Organic meat is 
more animal friendly Organic animals live longer 

and have a prolonged 
impact on the ecosystem

Producing feed is the most important cause 
of the impact of meat. Organic livestock gets 
organic feed, using more farmland because 
the yield is lower, but it is environmentally 

friendlier produced

CHOICES 
The one choice has more impact than the other. The choice between vegetable 
and animal food makes the biggest difference, then the land of origin follows, 
and whether it is organic or not has the least impact. So if you only mind about 
organic, you miss the more important choices. More about these choices on 
page 84.

SOLUTIONS
The future lies in a clever mix of organic and intensive precision farming, 
according to the experts I spoke to. Much progress is being made with precision 
farming. And that's a good thing, because the farmer won't use too much or too 
little water, pesticides and fertilizer anymore. And the crop yield is higher. There 
are more interesting possibilities: a combination of large and small farms, use of 
urban and rural areas and mixed farms with both a variety of crops and livestock.

ORGANIC INTENSIVE
Driven by the conservation of nature; soil and 

biodiversity
Driven by yield and efficiency

Mixed crops and natural vegetation around the 
fields is good for biodiversity

Often the same crop for miles on end, which is 
not good for biodiversity. And diseases easily 
get the chance to spread over large areas

Natural fertilizer: animal manure and compost 
are good for the soil

Fertilizers lead to eutrophication and impact on 
nature, water and even sea life

Natural manure and compost don't cost extra 
energy. The scarce phosphorus is preserved. 

Manure requires livestock though

Making fertilizers costs a lot of energy. 
Phosphorus used in fertilizers is a scarce 
commodity

Natural pesticides are often better than 
synthetic ones for nature, but not always. 

Weeds, diseases and pests on organic crops 
lead to lower yields and more crop losses

Synthetic pesticides are used for a high yield, 
best specific and dosed. They are a problem 
though for biodiversity, soil and water quality

No genetic manipulation Genetic manipulation used sparingly. Can be 
beneficial if it results in less use of fertilizer 
and pesticides

No synthetic aromas, colors or flavors and no 
synthetic preservatives

Additives that are allowed in the U.S. are safe 
for health, contrary to what many people think

Shorter shelf life when no preservatives are 
used, leads to more food waste

Preservatives ensure less food waste and 
longer shelf life

Still costs 20-30% more arable land, while land 
is scarce. Processes are less efficient, while 

food demand increases

Intensive agriculture is efficient. This is 
necessary to feed the world and combat 
deforestation

More expensive due to the smaller scale, to 
higher losses and to more intensive labor

Cheaper due to efficiency and scale

Pre-packaged servings of organic food are 
often slightly smaller (eg organic chicken) 

which leads to healthier and more sustainable 
eating habits

Often larger pre-packed portions; it is 
unhealthy to eat too much and because the 
food is cheaper, discarding the leftovers is 
easier

organic versus intensive agriculture
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Case: beef
Production of beef causes so many types of environmental impact, it makes my 
head spin. Think of deforestation, enormous water use, land use, eutrophication, 
acidification and use of pesticides and greenhouse gas emissions. Each of these 
types of impact is a problem in itself, but they also interact, enhancing the 
effects.

The biggest impact of the beef production is at the beginning of the process, in 
the production of the animal feed. Making fertilizer costs a lot of energy. Fertilizer 
is also a source of greenhouse gases, amounting to 1.2% of all CO2 emissions 
by humans. Growing fodder takes a lot of water (page 68), and it also leads to 
eutrophication and acidification. The manure from livestock is the biggest cause 
of - how logical - eutrophication and acidification.

processingproduction packaging transportation retail domestic

98%

1% <1% <1% <1% <1%

water and co2 hidden in beef

water

64%

10%
5%

20%

<1% <1%

CO2

Especially in the South American Amazon large-scale soy for livestock plays a role 
in the deforestation of the rainforest region. Cows, pigs and chickens eat nearly 
three-quarters of Brazilian soy, and not (as I thought) the vegetarians among us.

And to think that meat has a very low yield: 100 pounds of corn produces only 
3 pounds of meat. 

No less than 2,000 gallons of water 
are hidden in one pound of beef

You can take 116 showers with that amount of 
water. That’s a shower per day for 4 months*

To produce 1 pound of beef, 
you need 250 to 1350 ft2 of 

arable land**

You could also produce 
potatoes for 150 to 750 people 
with the same amount of land

beef

The same amount of arable land that 
feeds one meat eater, could feed 3 to 

7 vegetarians or 12 to 20 vegans

A cow emits 
methane (CH4). 
This greenhouse gas 
is 23 times more 
powerful than CO2 

We should plant up to 25 trees 
per pound of beef to absorb the 
extra CO2 emissions, while in 
reality beef causes deforestation

100 pounds of grain is 
used to produce only 
3 pounds of meat

2016 2050

Fertilizer for the cultivation of 
fodder and manure from the 

animals cause eutrophication and 
acidification of soil

The world meat consumption 
will rise by 70 percent until 2050

*The average American shower uses 17.2 gallons (65.1 liters) and lasts for 8.2 minutes 
**The amount of land varies with how much and where the animal is kept

*gemiddelde Nederlander gebruikt 50 liter douchewater per dag
**de benodigde hoeveelheid land varieert erg met hoe en waar het dier gehouden wordt

CH4

CH4
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feed
production

cultivating
farmland

production of beef

cattle
farming

meat
production

shop at home refuse

Increasing demand 
for animal feed leads 

to deforestation

Production of animal feed takes 
up lots of scarce freshwater

Irrigation can lead to soil 
problems

Fertilizer and pesticides are 
polluting; Production of fertilizer 

costs a lot of energy

Cow farts and burps contain 
powerful greenhouse gases

Meat production causes 13-18% 
of CO2 emissions by man

We store the meat 
in the fridge and 
we fry or bake it

To think we 
throw away 

meat!

Only half of the animal 
reaches our plates. The 

rest is animal feed, 
bones and cutting waste

Transport, cooling, 
packaging, waste, going 

to the shop by car...

eggs

tofu/soy

pork

lamb

fish

European beef

South American
beef

poultry

dairy/eggs

vegetable proteins

meat

cheese

the greenhouse effect of meat and substitutes WHAT CAN I DO?
In order of the effect (most on top):

1. Become a vegetarian or, better yet, a vegan
2. If you don't want to go that far, you could incorporate more vegetarian meals 

in your diet. Replace meat with beans, tofu or 'fake meat' as we call it at home
3. Are you ready for a Grasshopper Burger? (I'm not. I'll stick to veggie food for 

now)
4. If you do put meat on the menu, please choose a variety with less impact. 

Avoid beef and lamb. 
5. Choose locally produced meat, preferably organic
6. You should also be reticent with fish. Don't eat it or if you do, look for the most 

environmentally friendly types with MSC or ASC label
7. Prepare smaller portions of meat, we don't need that much protein. In that 

way you can finish all the meat on your plate. Throwing away meat is sooo not 
done!

PS. The same goes for your pet...
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Case: tomato sauce
People proudly tell me their efforts: They choose fresh organic vegetables, and 
they bring their own bag to the store. Great. But what they don't realize is that 
vegetables have relatively little impact. (See also the ring graph on page 66). 
Vegetables are in the wedge 'other food' that also includes fruit, candy, pasta, 
potatoes, chocolate, rice etc. And that total wedge is only 5% of the food impact. 
Vegetables count for next to nothing and packaging is small too. But as we're 
so worried about these things anyway, I find them the more interesting to 
investigate. I chose to look into different kinds of tomato sauce. It proved to be 
the most complicated case of the book.

For this case, I spoke with Nico van der Velden, a researcher at LEI Wageningen, 
and Geert Bergsma, CE Delft. With a lack of 'tomato specific data', I sometimes 
use general vegetable info in order to give a rough idea at least. I'll point it out 
when tomatoes differ from other vegetables. 

produce
seeds

cook the
sauce

package transport sell refusegrow
tomatoes

what it takes to produce tomato sauce

store & 
prepare

We compared soil and greenhouse tomatoes. Dutch and Spanish tomatoes grow 
in greenhouses, and we eat those only fresh. Preserved tomato sauce is often 
made from Californian or Chinese soil tomatoes. 

HIDDEN ENERGY IN TOMATO SAUCE
It takes a lot of energy to get tomato sauce on your plate. Think of the growing, 
processing, packaging, transporting, cooling and cooking which is needed to 
make a tasty sauce. The greenhouse and transportation use more energy than 
the other steps in the production process.

Fresh local grown vegetables cost the least energy. Vegetables that are not 
seasonal or do not grow in your climate, are imported or grown in greenhouses. 
A refrigerated truck or ship transports the tomatoes. This all costs extra energy. 

The Dutch horticultural sector and the government are working on solutions for 
energy-efficient greenhouses. Most big Dutch greenhouses have a combined 
heat and electric power system. This system produces CO2 next to heat and 
electricity. Tomatoes grow better with added heat and CO2. Part of the electricity 
is used for lighting, the surplus goes back into the grid. More and more 
greenhouses use geothermal energy. Others are connected to heat networks, 
reusing waste heat from industry.

Overall, local soil tomatoes would be best - if they are available in your climate, 
greenhouses on sustainable energy are okay, and tomatoes imported from other 
continents are the worst choice.

POLLUTION
Spanish and Californian tomatoes are more polluting than Dutch. Spanish tomato 
gardeners and Californian tomato farmers use chemicals to protect their crops 
against fungi. This is necessary because of the natural temperature fluctuations 
in unheated Spanish greenhouses and on the open Californian land. In the Dutch 
conditioned greenhouses, the temperature remains constant and there is less 
need for the use of chemicals. According to rough estimates, Spanish tomato 
cultivation uses ten times more chemicals than Dutch, and Californian farmers 
use even more. Holland scores the best on this part. 

LAND USE
The yield per square foot in Dutch greenhouses is higher than the yields in Spain 
and America. The Californian versus the Dutch yield is 1 to 60. A huge difference. 
In Spain, tomatoes grow only eight months per year, while in the Netherlands 
they grow throughout the year. In terms of land use the Netherlands wins. Looks 
likes it's 2-0 to Holland.

WATER USE
The use of water can have a significant local impact. Water used for agriculture 
varies greatly with the different technologies used. In the open field in California 
12 to 40 gallons of water is used per pound of tomatoes. Spanish unheated 
greenhouses use around 5 gallons for the same yield. And modern Dutch 
greenhouses use 0.5 to 2.5 gallons per pound. In terms of water, the Netherlands 
wins. 3-0 to Holland. Weheey! 
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WASTE AND LOSS
More than a third of the food that grows in the field never reaches your plate. 
With vegetables the losses are even bigger, up to half of the original crop. Food 
loss is higher with fresh vegetables than with preserves. 

12% production

60%

wastedeaten

10% shop & transport

18% domestically

food waste
in the u.s., all kinds of food

the food you eat 
74%

impact of food (the part at home)

food waste
15%

packaging
11%

We waste a part at home, like expired food or the leftovers on your plate. If we 
wouldn't waste any food at home, our impact through food would decrease on 
average food by an average of 15% for food and up to 17% for fresh vegetables.

WHAT PACKAGING HAS TO DO WITH FOOD WASTE
A hot topic: packages. Our gut feeling tells us that all these packages are very 
bad for the ecosystem. But are they really? Of course I won't just take this for 
granted. 

Packages of vegetables cause some 10% of the 
environmental impact. This percentage is even lower with 
animal products. So the content itself causes a dazzling 90% 
of the impact. If we lose one tomato from field to plate, that 
has a much bigger impact than the packaging does.

The package will pay back its impact tenfold, because it 
protects the real impact: the tomato. This doesn't only 
apply to fresh veggies but also to long-life products. Making 
preserves is very efficient and the food loss is low. 

preserved fresh

waste 
during
storage

waste of vegetables (the part at home)

waste from
your plate

17%

9%

The above picture shows only the waste of preserved and fresh vegetables AT HOME. Food loss in fresh 
vegetables is higher than food loss in preserves

Preserved vegetables are processed within a few hours after harvest. The loss 
is minimal and once it is processed the losses are next to nothing. With fresh 
vegetables however, a lot of produce is wasted with each step: in transport, 
in the shop and during storage at home. As said, the total losses in fresh 
vegetables from field to plate are up to 50%.

In short, packaging can be an environmental protective factor, which helps to 
reduce the impact of our food. My guess is that we are obsessed with packages 
because they are omnipresent in our daily life. Besides, they are easy target: we 
won't miss them if they are not there. In terms of waste preserved tomato sauce 
scores the best. 

the package 
protects the real 

impact: the 
product inside
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SEASONAL VERSUS PRESERVED VEGETABLES
In the months that a vegetable doesn't grow on the open soil, preserved variants 
are usually the better choice, as they are also better than fresh imports. The 
preserved vegetable is bought and packed in the growing season. Therefore, 
it can be a local field vegetable, saving on transportation and greenhouses. 
Unfortunately, often the packaging of preserves doesn't say where the content 
is harvested. Good to keep an eye on this anyhow, because there are a lot of 
preserves from countries like China, where agriculture is less environmental 
friendly.

It makes a difference if you choose local AND seasonal vegetables (for your 
wallet too). Research shows that price is a good indicator of the impact of a fresh 
product. The more expensive a fresh vegetable, the worse it probably is for the 
environment. It is a rough rule of thumb, but it works quite well. (The gut feeling 
that tells us sustainable equals expensive does not apply here).

EXPIRY DATE
Expired does not always mean the food is spoiled. There is much 
misunderstanding about these dates. The Dutch Nutrition Center says, "packaging 
can contain two kinds of dates: a best-before date or use-by date. A best-before 
date is used on products that do not spoil that fast. After this date the quality 
of the product may be less, but you can often still eat it safely. A use-by date is 
used on highly perishable products such as meat and fish. After this date you'd 
better throw away these products, because they are not safe anymore. In short, 
check the food after a best-before date is expired to see if it's still good. If it is, 
eat it quickly. And eat products with a use-by date before it expires.

HEALTH & PRESERVES
Trend break: I'm going to say something about health implications of preserved 
foods, because there are too many misconceptions about the issue. Fresh 
harvest is potted within hours and therefore it reaches your plate fresher than 
the "fresh" version does, including all healthy nutrients. According to the Dutch 
Nutrition Center, frozen or canned vegetables contain about as many vitamins 
and minerals as fresh vegetables. Fresh vegetables lose vitamins with time while 
preserves don't. So vegetables of a few weeks old may contain less vitamins 
than preserves. 

That is why preserved vegetables are just as healthy as fresh vegetables, 
although that's not their image. Admittedly, jar or tin products often contain 
some extra sugar and salt, and à la crème variants contain more fat. But if you 
check the ingredients, you can choose products without these additions.

WRAP-UP
Sauce made from fresh greenhouse tomatoes: Spanish tomato production 
requires less energy than Dutch, but more land. And it is more polluting. 
Moreover, these tomatoes are transported over long distances, which adds to 
the hidden energy. Dutch greenhouses appear to be highly efficient: cultivation 
in Dutch greenhouses requires little water, land and chemicals. The energy 
consumption is higher but if renewable energy is used that is not a problem. I 
would like to recommend Californian farmers look into the Dutch agriculture and 
greenhouse techniques. I prefer local veggies over long distance ones.

Preserved tomato sauce: preserves are often made of American or Chinese 
tomatoes. That cultivation is more polluting than Dutch techniques. It uses more 
land and water, and the Chinese tomatoes cover a long distance to get to the US. 
However, there are fewer food losses due to the preservation of tomatoes. 

Organic crops would do better on pollution, but they score worse on food loss.

Sauce made from fresh, seasonal, local soil tomatoes: Of course this is the best 
choice, but it isn't available year round, nor everywhere. If you can get your 
hands on those though, please don't hesitate to choose them. 

12

local
preserves

fresh & local
soil local

greenhouse

3
AND THE WINNER IS...
What tomatoes make the most sustainable tomato sauce? Based on all the 
aspects we've discussed, the winner is the sauce made from fresh, local soil 
tomatoes. The runner up would probably be a preserved sauce made from local 
organic soil tomatoes or a fresh sauce made with local greenhouse tomatoes (if 
the greenhouse is on renewable energy, the greenhouse might move to second 
place). Polluting long distance preserves are the worst choice. But please shape 
your own opinion, for this is a very complex matter. And if you find new or 
different information, please let me know!
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What can I do?
SHOPPING TIPS:
 » It's good to realize that vegetables have way less impact than animal foods. 

Meat, dairy, fish and eggs are much more important to pay attention to. See 
also the following pages

 » Choose local, seasonal soil vegetables. (Local to me is within a thousand 
miles, the closer the better). I made a Dutch vegetable calendar with only 
these types of vegetables, see the opposite page

 » If you want to buy a vegetable that's off season, opt rather for the preserved 
than for the imported alternative. It is just as healthy as fresh vegetables 
(check the ingredients though). It makes a difference where the preserved 
product was grown. See if you can find out

 » Or pick vegetables from a greenhouse, preferably from a sustainable 
greenhouse. See if you can find one

 » Choose products that are almost on the date and eat them fast, otherwise the 
supermarket throws them away

 » Watch out for excessive packaging, but don't exaggerate. Packaging which 
protects the content from damage and decay has a positive contribution to the 
environment

 » If you are going to eat out, think about the type of restaurant you choose. 
More and more restaurants are going green; vegetarian or vegan, local, 
seasonal, organic, or some even cook with waste products from supermarkets

KITCHEN TIPS:
Don't throw away food: 
 » Get a pile of storage boxes for leftovers. At home we have these glass 

containers with a plastic lid. They fridge and microwave proof, and they even 
look good on the table

 » Don't buy more fresh produce than you can eat
 » Eat the most perishable foods first
 » Food on the expiration date is not spoiled per se. Just take a look if it is still 

good and prepare it quickly
 » Serve smaller portions for fewer leftovers on your plate. We eat our dinner 

from small breakfast plates to make sure we don't serve more than we can 
eat (also works as weight control)

Finally a note on vegetable gardens. These are of course ultimately local and 
slightly romantic. But based on the study of tomatoes you will probably have a 
lower yield in your garden than efficient farmers have. To get enough produce for 
a family year round is a serious job, which would make you a farmer. You will use 
more water, fertilizer and chemicals to increase your yield. However, gardening is 
a nice and educational hobby and it may inspire you to adopt a more sustainable 
lifestyle. SOURCE: WWW.PICKYOUROWN.ORG (ALSO CHECK THEM OUT FOR OTHER STATES)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
broccoli

brussels sprouts
bunching greens

cabbage
carrots

cauliflower
celery
chard

chinese cabbage
collards

corn
cucumber
eggplant

garlic
head lettuce
hot peppers

kale
kohlrabi

leeks
lettuce mix

onions
oriental greens

ornamental corn
parsnips

pearl onions
peppers

potatoes
pumpkins
shell peas
snap peas
snow peas

spinach
string beans

summer squash
sunflowers
tomatillas
tomatoes

turnips
winter squash

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

what's in season in kansas
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decision tree
how much difference does a choice make?

1.what
kind of

food?

3.local & seasonal?

4.organic?

2. can i reduce 
food waste?

5.pre-packed?

What do I choose? 
Some choices have far greater impact than others. To help you out with this 
complex matter I have devised a decision tree. Number 1 (red) makes the biggest 
difference. The rest of the choices subsequently have less impact (from pink to 
green). The bullet points within these numbers are also arranged from highest to 
lowest impact. This is not science, you know, it's just my view.

1. WHAT KIND OF FOOD? 
 » Vegetable product (best choice) 
 » Dairy 
 » Fish
 » Meat

2. CAN I REDUCE FOOD WASTE? 
 » Buy products that are almost expired and eat them quickly
 » Don't waste food at home

3 LOCAL & SEASONAL? 
 » Local, fresh and seasonal, soil grown (within the radius of a few hundred 

miles, by road or rail)
 » Local, preserved 
 » Local, highly efficient greenhouse (like the Dutch greenhouse)
 » World, fresh, shipped
 » World, preserved
 » Less efficient greenhouse
 » World, fresh, by airplane

4. ORGANIC?
 » Organic and efficient production 
 » Highly efficient production
 » Organic and inefficient production

5. PRE-PACKED? 
 » No packaging, and that doesn't lead to food waste
 » Yes, and the package protects the contents
 » Yes, but it's an excessive, cosmetic packaging
 » No packaging, leading to extra food loss



8988

7. Mobility

The impact of personal transportation
Our own transportation we consumes fuel (except of course for 
walking and cycling), and a lot of it. In this sector, the biggest 
impact is not hidden, it's visible; it is consumed during use. 
Nevertheless, making the vehicles also has a fair share of the 
impact of transport, and that's a hidden impact we don't hear 
much about. 

The demand for transport is rising and the price of oil is low, 
so driving and flying are cheap and attractive. The biggest fuel 
consumers in passenger transportation are cars and airplanes. 
Therefore, our first case is about flying. In the second case, we 
compare a fuel-powered car with an electric car. 

where’s the impact of mobility

use (visible)

production (hidden)

production
of a car

11%

infrastructure 5%

car fuel
 63%

air travel
17%

public
transport 5%

MOBILITY

Impact of the average American, calculated with the ReCiPe method

Flying and driving are both very scalable. It's so easy to drive or fly more than 
the average person. Driving and flying are ranked 3rd and 6th in the impact top 
10, but they easily come in first place when you fly more than once a year or 
when you are a heavy car-user.

The electric car was another eye-opener. I thought its impact would be low, 
but that remains to be seen. The energy it takes to produce a car is comparable 
to driving it for two years, and that goes for electric cars too. Moreover, we 
removed the impact of the fuel-powered car (particulates and smog, which are 
visible problems) out of our cities, and moved it to the other side of the world in 
the form of polluting battery production (hidden from view). Fortunately, there is 
room for improvement in the production process of electric cars. 

there is lots 
of room for 

improvement 
in the way we 

travel
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nobody 
drives from 

the us to 
bali by car

Case: flying
TRAVEL DISTANCE OR TRAVEL TIME?
Usually, we compare different means of transportation based on 
distance. What is more polluting, taking a bus or a plane to the next 
state? Is it better to drive or to fly to Mexico? If you compare means 
of transportation in this way, it turns out that the aircraft isn't that 
bad. Over medium and long distances, it isn't more polluting than 
driving. But would you ever go to Bali, Dubai or New Zealand by 
car? No, of course not. The point is that flying increased our travel 
distance. 

According to the 'Brever law', travel time has remained constant throughout 
history, but the travelled distance has increased with faster means of 
transportation. This also goes for holiday travel. People are willing to travel a 
certain amount of time to their holiday destination and they want to optimize 
their destination within that time frame. Recognizable?

That's why Jeroen and Wieke from Ecofys compared various means of 
transportation based on travel time and traveled distance. Imagine you live in 
New York City and you want to get away for the week. If you're willing to travel 
for six hours, which vehicle has the lowest impact? Let's compare flying from 
Maine to San Francisco, taking the car from New York to Niagara Falls and cycling 
from Philadelphia Pennsylvania to the coast. First, let's look at the life cycle of 
vehicles:

LIFE CYCLE OF A VEHICLE

maintainance refuseuseconstruction & maintainance
of infrastructure

raw material
production

vehicle
production

fuel
production

drilling
for oil

Energy use per person/kilometre, including climate effects

vehicle productionuse

fuel productionvehicle repair road construction and maintenance

Ecofys has used MIT's life cycle analysis. This study shows how much energy a vehicle costs per 
passenger-kilometer, including hidden energy. These numbers are based on an average number 
of people on a bike and in a car, train and plane. In other words, the MIT study that reports these 
numbers assumes that, on average, one person uses one bicycle, a little less than two people use one 
car, 146 people populate a train, and an airplane carries 101 passengers.

MOST IMPORTANT IMPACT 
Roughly two thirds of the energy consumption of a car, train or plane is 
caused during use. The rest a vehicle's energy consumption is hidden in the 
infrastructure, production and maintenance, and in producing the fuel.

In the picture above, you can see a comparison based on travel distance. Per 
mile, the car is uses more energy than the plane, but the plane has a bigger 
climate effect, because emissions take place high up in the sky. The picture 
below is a comparison based on 6.5 hours travel time. I've converted the energy 
use to the number of trees needed to absorb the CO2 emissions. Now you can 
really see the problem with flying: if you travel for 6.5 hours, the plane uses way 
more energy than the other travel options.

how many trees to compensate a 6,5 hour trip?
70 mi

400 mi

400 mi

3200 mi

trees needed to compensate0

8

17
143
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THE IMPACT TOP 10 REVISITED
The top 10 is based on the average American person. But, of course, no 
one is average. Everyone has their own personal top 10. However, not all 
habits are equally scalable. Someone who buys a lot of clothes will have 
a higher impact on that section, but I guess clothing will only reach top 
3 with true fashionistas. On the other side, many habits can easily have 
a lower score; If you're a vegetarian, meat disappears from your top 10. 
Same goes for the car with people who don't drive.

However, flying and driving are super scalable. That's why I drew the 
top 10 again, but this time I added scores for different distances. 

Flying is very scalable because the impact per flight is so high. 
Some people hardly fly at all, while others fly a lot. One extra flight 
has a direct effect on the top 10 score. The average American flies 
4,200 kilometers, a return ticket from NYC to Seattle. However, if 
you fly to New Zealand or Bali once a year, flying immediately 
moves to place 2 or 3 in your top 10. If you fly twice or more a 
year, flying will probably be your number 1 impact. Driving is 
also very scalable. The car may easily be your biggest impact if 
you're a heavy car user. 

INCREASE OF AIR TRAVEL
The demand for weekend trips and holidays by air is rising 
fast (see the picture on this page). It's growing even faster 
than our wealth, because it's gotten so cheap over the last 
few decades. Kerosene is extremely cheap because it isn't 
taxed, and the damage aviation causes to the ecosystem 
isn't reflected in the price of tickets. The costs of pollution 
and climate change are passed on to society.

BIO-KEROSENE?
The aviation industry is working on bio-kerosene. Is that 
a solution? A quick sum shows that it isn't: to produce 
the current 860 million liters of kerosene used daily 
would require more cropland than all of the world's 
available farmland put together. So no, bio-kerosene 
is not a solution.

 

Driving
20,000 mi/y Two intercontinental

trips

the impact top 10 revisited

Round trip US - Indonesia

Round trip US - Europe

housingmeat car flyingstuff,
products

veggie food
fish & drink

hot water public
transport

dairy &
eggs

clothes
& textile
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1 

Emissions are 2.7 times more harmful at 
six miles altitude than on the ground. 
Therefore you can compare the impact of 
this round trip to driving for 1.5 years 

One passenger should plant 1100 trees to 
compensate for the climate effect of this 
trip, a forest the size of four American 
Football fields. For the whole plane, one 
round trip would require planting 385,000 
trees, a forest the size of a small town

It takes 78,000 gallons 
of kerosene (93,000 gallons 
including hidden energy) for 
one round trip

Ascension in the first 15 minutes 
alone costs 5,300 gallons of 
kerosene. Therefore short flights 
require more fuel per mile

Assumptions:
- In a Boeing 747 the average occupancy rate is around 80%, that’s 350 passengers
- 0.26 gallons of kerosene: 4.96 lbs CO2
- 1 large tree takes up 15.4lbs of CO2 on average, but the numbers vary between 4.4 and 44 lbs CO2-uptake
- Production forest: 202 trees per acre
- I want all emitted CO2 to be absorbed in one year

You use 235 gallons of 
oil per person. This is 
equivalent to driving 
for half a year

round trip l.a.- amsterdam

Worldwide 227 million 
gallons of kerosene is 
used every day

In 2016 Americans flew 
a distance of 1375 billion 
miles. That compares to 
2.9 million round trips to 

the moon
Flying has reduced to 
half its price in the 
past thirty years, 
making it so much 
more attractive to fly

round 
trip to 
Holland

1100 trees

What can I do?
People are hardly willing to compromise their holidays. A Belgian study showed 
that only 2% of the respondents are willing to make concessions to their holidays 
for the sake of the environment. But if you know the impact of flying, you might 
reconsider when you're planning a trip.

Think of these improvements:
1. Fly less, and rethink your choice to travel by air
2. Within the US, the train or bus are the better choice. Or take your bike (like us, 

we cycled from Amsterdam to Rome. Our best adventure ever)
3. Reduce your number of intercontinental trips
4. Plant the right amount of trees for each flight (which is a lot!)

There are a few tree-planting organizations, but other carbon offset organizations 
don't actually compensate by planting trees, because it is difficult to measure 
and relatively expensive. For instance, they compensate by providing households 
in poor countries with fuel-efficient stoves, which prevents logging for heating 
and cooking. 

Why do we only compensate flying and don't compensate for eating meat, 
buying products or driving our cars? It's pretty strange actually. That's why I'm 
proud to present... 'Christmas Carbon Compensation' :-) Wouldn't it be a great 
national habit to compensate for our annual carbon emissions each Christmas?

Many environmentalists I've met tell me they're wary of compensation, because 
it gives a false impression that it's okay to pollute, as long as you compensate. 
That is not the case though, because you can't compensate for every type of 
impact. Noise, air pollution and particulate matter around airports can hardly be 
undone with planting trees. Prevention is better than cure.
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The car
EMBODIED ENERGY IN A CAR
Many car buyers take fuel efficiency into account. So you're finally taking your 
fifteen-year-old Toyota Camry back to the dealer to get a delicious-smelling new 
replacement. It's much better for the environment too, you think. But in my 
research on embodied energy, I made two bizarre discoveries: first of all, the 
information about how much energy it takes to produce a new car is very difficult 
to find. Secondly, it takes a long time before you actually 
start saving energy.

At first glance, a new car seems a lot more economical. 
With your new Toyota Camry you can now drive 25 miles 
with one gallon of gasoline instead of 20 miles. So you 
consume 540 gallons to drive 13,500 miles per year 
instead of 675 gallons. That saves the average car driver 
about $280 annually (with the same mileage and oil 
prices). 

The energy consumption per mile is easy to find on 
various car websites. But it is much more difficult to determine how much energy 
it costs to produce a car, and I don't really trust figures from manufacturers, 
especially since the diesel scandal. I calculated that it costs the equivalent of 
950 gallons of gasoline to produce a new car*. The average American can drive 
for two years on that amount of energy. 

But back to the savings. The difference between a car that runs 1:20 vs. 1:25 
is 135 gallons annually. The new car has cost at least 950 gallons of gasoline 
equivalent to produce. 950/135 = 7. So you'll only start saving energy after seven 
years with a fuel-efficient car. 

*My calculation:
 » A car is composed of various materials. I incorporated just three main materials into my 

calculations: 1,400 lbs steel, 700 lbs aluminum and 500 lbs plastic. The energy used to produce just 
these materials alone is between 900 and 1250 gallons of gas equivalent

 » Toyota claims it costs an equivalent of about 55 gallons of gas to produce one vehicle

PS:
 » Please note that I did NOT even include the impact of all the computers on board...
 » There are big differences between the figures. Most values are around 1,000 gallons of gas 

equivalent. Incomplete figures on Wikipedia indicate there are only 400 gallons of embodied 
energy in the materials, so that's a much lower number.  

only after 7 years 
in your efficient 
new car you start 

saving energy

To absorb the CO2 emissions from 
global production and fuel use, 
we should plant a forest the size 
of Brazil every year

6600 new cars per hour are produced
That’s 58 million cars per year

It takes 1,100 gallons 
of water to make a 

new car

The average American 
car driver should plant 
about 620 trees to 
compensate for his or 
her car’s production 
and driving*
(Annually per person)

You should plant 1200 
trees to absorb all CO2 that was 
emitted to produce your new car

It takes 7 years in an 
energy-efficient car to actually 

start saving energy 

You could drive for 2 years 
on the energy that is used to 

make a car

Nowadays cars use more energy rather 
than less, because they are heavier and 
because we are drive more than formerly

The Toyota Camry is more 
than twice as heavy as the 
classic Citroen 2CV and it 

consumes 1,600 gallons more 
during its lifetime. Good for 
25,000 miles of travelling

The 830 million passenger cars in 
the world use 35 million gallons 
of gasoline per hour

95% of 
single-trip distances 
are under 30 miles, 
the average is 6 miles

95% of 
the time 

cars sit 
unused

lbs

CO2 car

*Assumptions:
 » Car use: 20 years
 » Average distance: 13,500 miles per person per year 
 » Toyota Camry 1999 runs 20 mi/g; Toyota Camry 2013 runs 25 mi/g
 » Combustion of 1 gallon of gasoline produces 19.64 pounds of carbon dioxide (CO2)
 » 1 large tree takes up 15.4 lbs of CO2 on average, but the numbers vary between 

4.4 and 44 lbs CO2-uptake
 » Production forest: 200 trees per acre
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Case: the electric car

vs

Is an electric car really so much better than a fuel-powered car? How much 
impact is hidden in the production of both? How polluting is a battery? Ecofys and
I have looked at all these questions. One of the studies that we use is from 
Renault. That chain study compares a gasoline and an electric version of one type 
of Renault, the Renault Fluence. The figure below shows the different steps in the 
life cycle of a car.

mine for raw
materials

produce
car parts

produce
the car

transport
to dealers

scrap
the car

generate
electricity

or mine fuels

use:
charge

or refuel

the life cycle of a car

SCARCE MATERIALS
Minerals and metals like lithium, copper and silver are required to make a battery 
of an electric car. These resources are scarce and the mining business is polluting. 
The use of oil and gas have an impact on oil stocks. Renault assesses the impact 
of declining oil stocks negatively, but we shouldn't use all available oil anyway 
if we're going to meet the climate agreement targets, so declining oil stocks 
doesn't sound like a problem to me.

CO2 EMISSIONS
CO2 emissions mainly take place during use, so when you're driving the car. The 
Renault study assumes that the electric car runs on a French mix of power (fossil 
fuels, nuclear power and renewable power). If the electric car only used green 
energy, the CO2 emissions would, of course, be less. 

The LCA study compares the environmental impact of a gasoline and an electric Renault Fluence. 
Assumptions:
 » Figures are based on a driving distance of 93,000 miles
 » Renault assumes that gasoline uses 2,85 gallons per 100 miles
 » An electric motor uses 23 kWh per 100 miles
 » Renault based the power for the electric car on the French mix of green and gray energy sources 

(gray: non-renewable)

ACIDIFICATION
In the case of the gasoline car, 40% of the acidification is caused by the 
production of the car itself. For an electric car, this percentage is 58%. That's 
mainly due to nitrogen release caused by making the battery. The electric car is 
the most polluting in terms of that impact.

OZONE FORMATION
Ozone in the air is harmful to humans, animals and plants. Half of the ozone 
emissions of a combustion car are caused by the combustion of gasoline while 
driving. Just as much ozone is released during battery production for an electric 
car. But driving an electric car causes no ozone emissions. In comparison, the 
electric car scores a bit better on this impact.

combustion versus electric

acidification

material depletion energy use climate effect

eutrophication ozone emission
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THE IMPACT OF ELECTRIC VEHICLES DISAPPEARS FROM VIEW
Producing an electric car is more polluting than producing a fuel-powered car. As 
we saw, the extraction of raw materials for the battery is very polluting. Driving 
an electric car is much cleaner than driving a gas-powered car, especially if the 
electric car is recharged with renewable energy. Otherwise, you're just moving 
the CO2 emissions from the car to a coal- or gas-fired power plant. 

I guess that's why we love the electric car so much. It frees our cities from 
particulate matter and smog: visible impact. But we don't see what happens in 
the power plant or in the mines on the other side of the world. Of course I'm in 
favor of clean cities, and I do see the electric car as a step forward. But my point 
is that we aren't there yet. The mining industry needs to clean up. And we could 
also find ways to provide more people with fewer cars and thus produce less 
cars. How? Read about it on page 100.

electriccombustion

produce producemake fuel make
electricity

drive discard drive discard

the impact shifts to production

acidification

material depletion energy use climate effect

eutrophication ozone emission

OTHER CONSIDERATIONS 
There are a few other things I'd like to share with you outside the scope of the 
Ecofys study:

 » The energy efficiency of an electric car is twice as high as a gas-powered car 
(but both are low). This picture shows that:

100% 100%

57%

43% 28%

15%

88% 75%

13%

12% loss at refining process

energy loss at the
power plant and in 
the electricity grid

loss at drive 
system

source

yield of a fuel-powered car yield of an electric car
tank wheel source battery wheel

energy
loss in
fuel
engine

SOURCE: BOS ENERGY ATLAS

 » A battery is much bigger and heavier than a gas tank. The weight of a car, 
combined with the aerodynamics, determines how much energy the car uses. 
If the battery exceeds a certain weight, it costs more energy than it provides. 
So the weight of the battery is limited, which means the range of an electric 
car is limited. Currently, the maximum distance you can travel with an electric 
car is about 250 miles.

 » If all cars in the U.S. ran on electricity, there would need to be a grid of 
millions of charging stations. How could you build a grid like that?

 » In general, storing (renewable) energy is a challenge. Car batteries could play a 
role in overcoming this obstacle. If car batteries were part of a big power grid, 
they could store and release energy, creating an energy buffer.

 » The knowledge of batteries is young. It is not clear how long a battery life will 
be. Predictions range between five and twenty years. The industry is working 
on improvements. Batteries are becoming more compact and more powerful

 » Recycling and reuse of batteries is becoming commonplace, but recycled 
batteries don't have the same quality as a new battery, so they are 
'downcycled'
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DO WE HAVE A WINNER? 
The impact of an electric car is about 30% less than the impact of a gas-powered 
car. That's definitely an improvement, but it's not enough (see page 183). Some 
of the impact shifts to other impacts. An electric car causes less particulate 
matter and has lower CO2 emissions, but production is more polluting. The electric 
car runs a lot cleaner than the gas-powered car, especially if it's charged with 
renewable energy. It is certainly an improvement for air quality in cities.

But we don't see the impact of the electric car. It doesn't surprise me that we 
are so excited about the electric car and believe it's completely clean, given our 
tendency to focus on visible impact. It really is an improvement, but let's not 
forget the hidden impact and clean that up, too. I half-heartedly call the electric 
car the winner. But I'd rather wait a while until the impact of the electric car is a 
fraction of the current impact of vehicles. What we need is dedicated innovation, 
proper legislation and consumer demand for clean products.

IN THE MEANTIME
Driving electric cars is okay, provided that they're charged with renewable 
energy. But the production of electric cars is a polluting business. How can we 
go forward, given these facts? Robert van den Hoed is a professor of energy and 
innovation at the Amsterdam University of Applied Sciences. Robert specializes in 
sustainable transportation and I sat down with him to talk about it. 

Robert predicts that three types of engines will replace gas and diesel. In the 
future, cars will either run on a battery, a fuel cell (both are electric) or biofuels 
(with combustion engines). City cars and vans can run on smaller batteries. 
Long-distance cars will probably use fuel cells. Which of these variants will win 
depends on technological developments, according to Robert. (In other words, 
it'll probably boil down to the size of research budgets).

On average, we use our cars only 5% of the time. 95% of the time they're 
unused. The rise of self-propelled vehicles is a relevant development. The idea of 
a self-propelled car on-demand makes car ownership obsolete. The good news 
is that we would only need a portion of the current fleet, because the occupancy 
rate would be much higher. That way, we could decrease car production and 
keep driving, too. If this self-propelled car fleet were electric and charged on 
renewable energy, driving would be clean. Furthermore, self-driving cars could 
charge autonomously and smartly. We would need fewer charging points than if 
everyone owned a private car.

There is one consideration though. If, in the future, we no longer need a driver's 
license because cars drive autonomously, the elderly and children could start 
using cars. That would increase the demand enormously, and the car fleet would 
need to increase accordingly. Then we're back at square one...

What can I do?
 » Try car sharing or renting instead of owning a car
 » If you do want your own car, the best choice would be a second-hand electric 

car - a small, lightweight, aerodynamic model, that's highly energy efficient
 » Install solar panels on your roof to charge the battery in a clean way
 » Or you could get a second-hand, lightweight, fuel-efficient fuel-powered car 

(and use a ski rack for vacations. Or even better, travel by train, bus or bicycle).
 » Use your old car till it dies and get it fixed instead of buying a new one. 

Preferably don't buy a car at all after the old one is gone
 » When you relocate or find a new job, take the commute into consideration. 

Try to choose a situation in which you can either bike to work or go by public 
transportation

 » Don't use the car for distances under three miles. It is only a fifteen minute 
bike ride. That's good for your body, too

 » When you're doing research on a new car, beware of figures about fuel 
economy from manufacturers. They are often based on lab results and don't 
translate to the road. Websites for car owners give more realistic info on fuel 
efficiency. These figures are better predictors of how much fuel a car actually 
consumes

 » A note on speed. The only advantage of driving fast is the fun. Even I like that 
;-) But it really doesn't serve any other purpose. On the contrary, it is more 
polluting. The air resistance and the weight of the vehicle determine a lot of 
the overall energy consumption, and that increases quadratically with speed. 
Most cars use 40% more fuel at 90 mph than at 70 mph. The time saving is 
disappointing; If you would drive 100 miles with 90 mph instead of 70 mph, it 
would only save you 15 minutes

WHAT CAN THE CAR INDUSTRY DO?
 » The automotive industry can design cars to be lightweight, small and fuel 

efficient
 » They can design cars to last much longer
 » They can design for reuse and recycling
 » They can clean up the whole process of mining and manufacturing
 » Science and industry can intensify research on clean batteries and other types 

of power trains
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8. Your house

Hidden impact of your house
THE IMPACT OF CONSTRUCTION
When you think about the impact of your home, you probably think about 
electricity and heating, right? Have you ever considered the impact that's hidden 
in the construction of the house? That's a lot: 20% of the total impact, even in old 
houses. I derived this calculation from the data of the impact top 10 (page 46). 
We included not only the construction and the materials themselves, but also the 
transport of building materials, earthworks, sewers and roads in the calculation 
of impact.  

HOUSE

building
the house 17%

where’s the impact?
us versie

electricity
 45%

shower 10%

earthworks, sewers
and roads 2%

heating 25%

Impact of an average American person, calculated with the ReCiPe method, without water

Can we reduce this hidden impact? In other words, we can build in a more 
sustainable way? Heating, taking a shower and use of electricity make up for 
80% of the impact. How can we improve these things? First, I'll dive into this 
question and then we'll move on to the cases. In this sector, I chose two cases 
that have a big impact. The first is solar panel versus power plant and the second 
one is taking a nice hot shower. 

Solar energy is on the rise, but the vast majority of our electricity still comes from 
gas, coal and nuclear power plants. How sustainable is a solar panel compared to 
a coal-fired power plant? And what about the costs?

The boiler heats your home and provides hot water. Many houses use gas or 
electricity for heating, and lots of it. There are better alternatives on the market. 
I'll line up the options for you.
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Hidden energy in your house
Building a house takes a lot of energy, as the graph below illustrates. The pink 
line is the hidden (embodied) energy in the construction of the house. The green 
line is the average energy consumption for heating over the years. You can 
compare the embodied energy of construction to heating your house for 15 to 20 
years.

embodied energy in your house

renovating to a ‘zero-energy’ house

0 20 40 60 80 100
year

energy

energy

embodied energy in the 
construction of the house

using energy as a household

using energy as a household 
(average house)

energy-inefficient house

energy-efficient house

0 20 40 60 80 100
year

embodied energy in the 
construction of the house

renovation

If you're going to convert your home to a 'zero-energy building', you'll add 
renewable energy sources, insulation materials and energy saving installations. 
This increases the red line at first, but in the long run, it will save energy.

embodied energy in your house

renovating to a ‘zero-energy’ house

0 20 40 60 80 100
year

energy

energy

embodied energy in the 
construction of the house

using energy as a household

using energy as a household 
(average house)

energy-inefficient house

energy-efficient house

0 20 40 60 80 100
year

embodied energy in the 
construction of the house

renovation

To compensate for the 
embodied energy in your 
house, you would have 
to plant 6500 trees

To compensate for particulate 
matter and CO2 emissions 

from Dutch home construction, 
we should annually plant a 

forest almost the size of 
Holland; about

110 by 110 miles

Around 65% of the CO2 emissions from 
construction are caused by materials. 
The rest is equally divided between 

construction and transportation

At least 95% of all 
construction materials are 
reused or recycled... ...yet the remaining 5% 

that isn’t recycled makes
of all waste

A new house costs the 
same amount of energy 

you consume to heat your 
house for 15 to 20 years

materials construction transport

CO2

concreterest

steel

plasticmasonry

Concrete, steel, plastic and masonry 
together comprise over 60% of the 

hidden energy of all building materials 
for an average house

MATERIALS

hidden climate impact embodied energy in materilals

15%

65%

18% 17%
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Wood as a building material
How good is wood as a solution for reducing the impact of construction? There 
are pros and cons to wood that I would like to share with you.

Wood is a renewable resource, unlike materials like concrete, steel or plastic, 
which can be recycled but don't grow back by themselves. Producing non-
renewable materials costs a lot of energy. Take concrete, for example. Cement 
is a main component of concrete, and the production of one pound of cement 
results in one pound of CO2 emissions. The CO2 emissions of 1,000 pounds of 
cement can be compared to the annual CO2 absorption of 300 trees. 

Wood can never replace all the steel and concrete used in construction, though. I 
don't see how a high-rise or a subway line could be built out of wood.

We need forests to combat climate change and this is why: during their lifetime, 
trees store carbon (the 'C' from CO2) from the atmosphere. Every day, 27 million 
trees are destroyed worldwide, so forests store less carbon than they did in the 
past. Even worse, CO2 is emitted when a tree dies or burns. Mark Kemna of the 
Forest Stewardship Council (FSC) says: "Wood from a well-managed forest is a 
CO2-neutral construction material, because the carbon is stored in the wood, 
while at the same time a new tree is planted to absorb more carbon". 

We shouldn't just strive for CO2 neutral. What we really need is a CO2 reduction 
in the atmosphere. We need more trees. Lots of them. To be precise, we should 
plant over 30 million trees per day - or stop cutting them down (see also pages 
148 to 153).

So why aren't we growing trees on a massive scale? Well, because agriculture is 
usually more profitable. What we need is a healthy business model for forestry. 
Wood as a building material could be just that.

Tropical wood is a popular construction material because it is strong and fairly 
rot-proof, but this type of wood often isn't sustainable. It grows too slowly to 
be profitable for bona fide businesses and soy is more profitable. So in tropical 
forests, a lot of illegal logging is going on to clear new farm land. Certified wood 
is a must if you're buying, especially when it comes to tropical wood.

So many pros and cons make this another complex subject. All in all, I am a 
cautious advocate of sustainable forestry and wood as a building material, simply 
because we need more trees.

What can I do?
DESIGN FOR SUSTAINABILITY
If you are planning to build or renovate a house, choose an architect and a 
contractor who specialize in sustainable construction. Here are a few things you 
could discuss with them:
 » The shape of your house partly determines the insulation capacity. For 

example, overhanging eaves give shadow on south facing windows in 
summer. But in winter, when the sun is lower, it warms the house through 
the same windows. (For architects, it's interesting to study ancient building 
techniques of both warm and cold countries)

 » Optimize the construction to light weight. This saves materials and 
reinforcement

 » Build a smaller house. That causes less impact from both construction and use. 
And it can contain less stuff ;-)

 » Design for multi-functional use and create adaptable spaces
 » Check if a gray water system works for you, or get a simple rain barrel for 

watering the garden
 » Think twice before you decide on 'cosmetic renovation'
 » Create nature: choose a green garden or a green roof and make sure to plant 

lots of trees

MATERIALS
 » Use sustainable, renewable materials like wood as much as possible
 » Modular design: make sure materials and components are reusable
 » When you use wood, make sure it is certified
 » Choose recycled materials (as opposed to virgin materials)
 » If the materials mentioned above don't meet the requirements, choose the 

most sustainable non-renewable virgin alternative. For instance, the concrete 
industry is innovating

 » Materials such as loam and straw are trendy. If you are considering using such 
materials I recommend that you investigate their hidden impact and don't just 
rely on your intuition
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Heating
Let's talk about visible energy for a change: heating. I'll get into electricity on the 
next page. Both are part of the top 10 and they're worth digging into them.

HEAT LOSS
Heating your home costs energy. I hear American houses are usually not very 
well insulated, which costs roughly one-third of your energy consumption at 
home. Where does that heat escape your home? How can you save energy?

Heat loss is interesting if you want to find ways to save energy. The picture below 
shows that an average home loses half of the heat through the roof and the 
outer walls. 

where does heat escape your house?
roof
30%

windows
15%

thermal bridges
5%

floor
10%

walls
20%

ventilation
20%

Heat loss through closed windows, doors and floor is considerable. Ventilation 
losses depend on your ventilation system and how much you keep your windows 
open. 

SOLUTIONS
If you want to cut back the amount of energy you use for heating, insulation is 
the first step. Don't just insulate the roof and windows, have your exterior walls 
and floors checked for insulation capacity, too. If you go one step further and aim 
for energy-neutral heating, you can choose a geothermal energy system or solar 
collectors. 

SOURCE: REYNAERT ENERGIE ADVIES

An energy label for houses was introduced in the Netherlands that indicates 
insulation and installation efficiency. Labels vary between A (most efficient) and 
G (most inefficient). Only about 9% of houses have an A label and 16% have 
a B label. Most homes have a C energy rating (31%) and the remaining 44% 
is divided between labels D through G. This is just the Dutch situation, which 
doesn't really serve as a model for other countries, but it does give an indication. 
By the way, the energy labels don't cover energy-neutral houses (can you believe 
that?). So nowadays, we add pluses behind the A label to indicate energy-neutral 
homes. The picture below gives some examples of system improvements which 
lead to a better energy label - and to financial savings.

12 solar panels

HR-glass 

external wall insulation

roof insulation 11+ yd

floor insulation

HR-condensing boiler**

FINANCIAL INTERESTMODIFICATIONENERGY LABEL

towards an eco friendly house
what can you do and what can you gain?

a
b

c
d

e
f

g

10%

9%

14%

11%

9-25%*

13%

**depending on the system
**replacing a VR-condensing boiler

These measures will cost you money before you start saving on your energy bill. 
The earlier the investment is recouped, the greater the financial return. Over 
the last few years, the interest has been so low that savings in the bank decline 
in value. Investing in cost-saving measures is a smart alternative with higher 
interest than the banks offer.

SOURCE: ENERGIELABEL.NL
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ABOUT ELECTRICITY, WARMTH AND ENERGY LOSS
We also lose energy at home by using electricity. Oddly enough, this is especially 
true when it comes to heat loss. In most cases, over half the electricity from 
your outlets is wasted. Take a lamp, for example. The old-school light bulb uses 
only about 5% of the electricity to make light. The rest is converted into heat; a 
burning lamp gets hot. LEDs have 25% efficiency and yield of your CFL is 40%. 
The rest - 60% to 95% - is lost as heat. This is not entirely useless, because it 
heats your home. A little.

Energy professor and writer Jo Hermans gave me a tip: "If you're looking for 
electricity spenders in your home, just look for heat. Put your hand on a device to 
feel the temperature. If it stays cold, it won't use a lot of energy. If it's warm or 
even hot, it uses a lot of energy." A simple, useful rule of thumb.

The professor also had a fun quiz question. "What takes more energy: wet 
shaving or electric shaving?" I thought it would be electric shaving, although I 
was forewarned. The right answer is wet shaving. If you shave with hot water, 
heating that water costs far more energy. It makes sense, really, because the 
shaver barely gets warm. Professor Hermans even calculated that the energy 
used for one second of hot water from the tap equals THREE MINUTES with an 
electric shaver. Phew, think about that next time you take a shower!

What can I do?
HEATING AND COOLING
 » Insulate your house, not only roof and windows but also floors and exterior 

walls
 » Provide the house with a good ventilation system - with heat recovery - that 

allows you to keep your windows closed
 » Check if the ground under your home or in your garden is suitable for a 

geothermal energy system
 » If you have enough space on your roof, you can consider installing solar 

collectors, combined with a boiler
 » Recycle lost heat from shower water and from the air with heat exchangers
 » You could take a look at innovative heat pumps that use the warmth of the 

atmosphere to heat and cool the house
 » Heat exchangers need a little electricity for the pump. It's best to combine 

them with solar panels, of course
 » A green roof insulates both in summer and winter
 » Unfortunately, I have to advise against a wood stove or a fireplace. They put 

out some nasty substances: CO2, particulates, carbon monoxide and other 
toxins. How much of these substances is released depends on the fuel, the 
temperature and the type of heater. A fireplace is also a very inefficient heat 
source, since most of the heat escapes through the chimney

ELECTRICITY
 » Feel the back of your TV, laptop, chargers (carefully!) if you want to get a rough 

idea of how much energy they use 
 » Install a smart thermostat. It gives you a more thorough insight into your gas 

and electricity use and helps you locate energy spenders
 » Change from a gray electricity provider to a green provider
 » If you want to go all the way and generate your own renewable electricity, go 

for solar panels or - if you have the space - a windmill 
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Case: solar panel versus power plant
Electricity is a major energy user in the home. Coal and gas often supply the 
power. Renewable energy like solar panels is a better alternative. But what 
is the impact of a solar panel itself, from production to scrap heap? Is it a real 
improvement or do we just think so? It's a question that I feel needs to be asked 
and answered.

mine produce transport install generate
electricity

discard

life cycle of a solar panel

There are many studies on the impact of solar panels. The National Renewable 
Energy Laboratory compared up to 40 LCA studies which show that the life cycle 
of coal leads to 25 times more CO2 emissions than solar panels do. You can see 
this in the picture on top of the right-hand page. Comparing the process of 
both coal power and solar panels, coal has most CO2 emissions during power 
production, burning the coal. Solar energy in itself is a clean process, but 
materials that are used to make the panel and scrapping it at the end of its life 
both cause CO2 emissions.

In addition to CO2, other types of impact also play a role in the production of 
a solar panel. The five main types of impact from high to low are: the use of 
mineral resources, climate change, acidification, fresh water poisoning and 
poisons that come into contact with people. Furthermore, land use plays a role. 
The picture on the bottom right shows what would happen if we were to use 
only one kind of energy, and what the impact would be compared to the impact 
of the energy mix of 2010. Sun and wind are much better than energy from fossil 
fuels. Solar panels just take up a lot of space and scarce magnets are used in 
windmills.

The energy yield of solar panels is much higher than that of coal-fired plants. 
The energy required to make a solar panel is recouped in roughly two years. The 
lifespan of a solar panel is 20 to 25 years. That's a yield of 90%. In the conversion 
of energy from the sun into electricity, only 5% of energy is lost. So the overall 
efficiency is about 85%. Coal plant efficiency is only 35% (the latest generation 
38%). Some 65% of the energy is lost in the power plant. Coal is burnt constantly 
during the lifetime of a power plant, whereas only sun is needed to power a 
solar panel. The only disadvantage of the sun is that it doesn't shine all the time, 
and there are no proper solutions for energy storage yet, so we still need smart, 
clean innovations.

solar panels versus coal-fired power plant

in CO2 emissions per kWh

mining

generating power

discarding

solar panels windmills hydro power

coal with
carbon capture

coal without
carbon capture

gas without
carbon capture

 greenhouse gas emissions

public health damage

pollution

land use

raw materials

500%

100%
50%

comparing the impact of energy sources

SOURCE: UNEP
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COSTS AND BENEFITS
Solar panels supply the most energy when the sun is shining, but even with 
cloud cover, they still generate energy. The latest solar panels each provide 
about 240 kWh of energy per year. That's comparable to 25 liters of gasoline (6.6 
gallons).

An average family needs about 15 solar panels to generate the energy needed 
for electricity. 15 panels require an investment of around $4,500. You will save 
around $600 per year on your energy bill, 13% of the investment. (The bank 
doesn't give you that kind of interest on your savings). Solar panels last about 25 
years, and they are recouped after about 8 years. Over those 25 years, you have 
saved $15,000 on energy costs. That's three times your investment. Not bad.

ADVANTAGES OF SOLAR POWER
 » You save on your energy bill. You make an investment that pays better than 

returns in your savings account
 » You emit 25 times less CO2 from electricity. Solar power is better than coal 

power for the environment and for our health
 » You're less dependent on one energy supplier
 » The (future) value of your house increases, you can sell it faster and better

AND THE WINNER IS...
Well, the solar panel of course. What do you think? ;-) 

What can I do?
 » Place as many solar panels as you can fit on your roof. You can produce more 

electricity than you need. The surplus goes back into the grid, adding extra 
renewable energy to the system

 » Or join a (local) solar collective where you can be sure of a good system for a 
reduced price

 » If you live in an apartment with a shared roof, you can place solar panels 
collectively with the homeowners' association. With a current divider, the 
owners' association can optimize the (financial) output from the solar panels

 » Start a solar collective yourself, for example on the roof of the school or your 
gym

 » Support innovative experiments. A lot is going on, like a Dutch project where 
solar panels are linked to charging stations for electric cars to store energy for 
home use in the car battery
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Case: taking a shower
How much impact does a shower have? Or a large glass of water after working 
out? And how much energy do all the steps in the life cycle of tap water cost?

Ecofys and I have studied the energy used for our tap water, including the 
embodied energy. The images in this case study show the energy consumption 
of water at home, but also the energy used in the construction of the whole 
underground water system. The energy for the construction of the system is 
recalculated per year by dividing the total hidden energy by the overall lifetime 
of the system. That way, we can compare it with our annual gas consumption.

embodied energy of showering

direct gas use,
burned in boiler

50%
energy loss in
the production
of natural gas

40% SHOWER

hidden energy
in the out-of-home 

water system 10%

The picture above shows that the gas directly burned in your boiler is just half of 
the total energy used to heat water. 40% of the energy is lost in gas production, 
and the underground water system costs about 10% of the energy. That's 
comparable to boiling water for a pot of tea, driving for half a mile, or staying an 
extra minute in the shower. Every day. Without you ever realizing it. 

STEPS IN THE TAP WATER PRODUCTION PROCESS
The steps described below correspond to the graphic on the next page (excluding step 2, inside).

1. extraction 3. sewage

life cycle of water

4. transport 5. purification2. household use

1. The water cycle begins with the extraction of water. In the Netherlands, 61% 
of drinking water comes from groundwater, 38% from surface water and 1% 
from dune water. Once the water is recovered, it's purified. Softening is an 
important part of water treatment, extracting calcium from the water to reduce 
build-up in kettles and washing machines. After purification and softening, the 
water is pumped to the consumer

2. Once in your house, you use most water for the shower, the toilet and the 
washing machine. Heating the water is the biggest energy spender in the 
whole water cycle. Gas for hot water makes up nearly a quarter of your entire 
gas consumption at home. That's a lot. (See the ring chart on page 103) 

3. The used water is collected in the sewer. The sewer system is huge: there is 
1,600 kg (3,500 lb) of sewage material per person in the ground and more 
than double that per household, which is why the construction of the sewer is 
a significant step that contributes to the hidden impact of water

4. Once the water reaches the sewage system, it is pumped to the treatment 
plant. This transport costs energy 

5. In the final step, the water is purified. During purification, things like nitrogen, 
heavy metals and sand are removed from the water. Once the water is clean, 
it is discharged into surface water (like a river or the sea). Sewage water can 
still contaminate surface water. When it rains a lot, the sewer is overloaded 
and untreated sewage gets discharged. That's how pollutants sometimes still 
reach surface water
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embodied energy
in the out-of-home water system

direct energy use during operation

embodied energy through construction 
of the systems (calculated per year)

water extraction sewage transportation water
purification

What can I do?
Despite the fact that tap water makes up only 1% of all your water use (see 
page 68), water use costs energy, and showering takes the cake. It's good to do 
something about it.

 » How? That's easy, take shorter showers! You can start straight away, tomorrow 
morning

 » There is a new system on the market which reuses 90% of the hot water. This 
is how it works: hot water from the drain is cleaned and goes back into the 
shower head. You can take luxurious showers without using a lot of energy 
and water. If you love to shower and you're going to redo the bathroom, you 
can consider installing this kind of system

 » You can also install a heat exchanger. This system uses the heat from the 
hot water in the drain to pre-heat the fresh tap water, reducing the energy 
consumption of a shower by half
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part 2 
what are the 

consequences 
of our impact?
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What part 2 is about
In this section, I examine the consequences of our impact on the planet and on 
our own lives. The pressure on the ecosystem is increasing and we are exceeding 
the carrying capacity of the Earth. But how much pollution and destruction can 
the planet take? How much consumer demand can the planet sustain? And 
how much are we exceeding its carrying capacity? What's the magnitude of the 
damage we do to the climate, to nature and to the environment? I'm as curious 
about all those things as I am afraid of the answers. 

The last chapter of part 2 is about the backlash, the snake biting its own tail. 
What are the consequences for our very own everyday lives, now and in the 
future? How bad is our destruction of the planet, bit by bit? What are we facing 
and what will the world our kids will live in be like? What consequences are we 
facing already, whether we notice them or not?

These questions aren't very nice to dive into, but I think they're too important to 
ignore. I made some rough calculations to get a feel for the magnitude. Some of 
the results were mind blowing. It was actually quite heavy to work on. I wanted 
to do the right thing so badly that I almost got 'ecorexia'. I'm glad I went through 
with it, though, because the sense of urgency has only strengthened my passion 
for the subject. (By the way, I'm more relaxed on the 'ecorexia' thing now; I've 
got the important impacts covered and I can relax when it comes to the smaller 
things). 

A firm sense of urgency seems appropriate to me. I hope that, when we see 
what's coming at us, we won't want to let it happen. Do you know the story of 
the frogs in the pan? It goes like this: if you put frogs in hot water, they jump 
out and live. But if you put them in cold water and slowly turn up the heat, they 
sit there and die. As it turns out, that story isn't true. The frogs in the slowly 
warming pan jump out too. Surely we are at least as smart as frogs?

what we want
stuff, food, transport, home

what we do
farming, industry, freight, construction

consequences for the planet
damage to environment, climate, nature

consequences for us
damage to economy and health 
shortages, unrest and conflicts
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9. Causes

How the pressure on the ecosystem increases 
The pressure on the ecosystem will triple over the next few decades and these 
are the causes: 
 
1. World population: in 35 years, there will be three 

billion more people on this planet than there are today. 
According to recent UN figures, by 2050, the world 
population will have risen to 10 instead of 9 billion 
people

2. Prosperity: luxury lifestyles cause a large impact on the 
ecosystem by using energy, food and raw materials. 
The world's wealth will almost triple in the next few 
decades, and our impact will increase accordingly - if 
we don't change our ways

3. Unsustainability: if we continue to produce 'what we want' in an unsustainable 
way, we are going to face depletion of resources and agriculture will become 
more and more difficult. We are exceeding the carrying capacity of the Earth

Conclusion: If those 10 billion people are going to get more wealthy and will 
behave like rich people do now, we would need virtually four Earths to supply 
their needs. That is ridiculous! To me, this is the crux of our global environmental 
problem: we don't have four Earths, we only have one. And we aren't exactly 
treating the one Earth that we do have very nicely, right?

If we reduce one or more of the three causes listed above, we relieve the 
pressure on the ecosystem. A combination of education, family planning, poverty 
alleviation and thorough sustainability of the global economy seems the most 
humane and positive solution. In Part 3, I examine ways to create a sustainable 
society. Education and poverty reduction are other subjects which I will not 
further address in this book, but they are very important issues to work on.

This chapter covers causes 1 and 2: how will the world's population and wealth 
develop in the next few decades? The following chapter is about cause number 3: 
what makes our habits unsustainable, and what is the carrying capacity of the 
Earth? If you take more than there is to give, things go wrong.

more people, 
more wealth and 

unsustainable 
behavior
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the plague
invention of the steam engine, discovery of coal and oil

7.5 billion

1.6 billion

time of jesus:
170 million

 9.9 billion

2050

2017

1900

Cause 1: world population 
The picture below gives an idea of how big the pressure is we exert on the 
ecosystem with 7.3 billion people. 

earth’s land mammals
by weight

that’s us

pets & livestock

wild animals

one square     stands for 1,000,000 tons

Randall Munroe first created this graphic and I've redrawn it because it knocked 
me off my feet when I saw it. It shows how many land mammals there are of 
a certain species, expressed in terms of mass. People and livestock take up a 
disproportionately large part of the ecosystem. Munroe has included only the 
large land mammals. A smart choice, because in terms of mass, there are more 
pounds of ants and bacteria in the world than there are pounds of humans.

Since 1960, the world population has 
roughly increased by one billion people 
every 15 years. Every week there are 
1.4 million more people in the world. 
(And yes, the death rate has already 
been subtracted). According to the United 
Nations, there will be almost 10 billion 
people in the world by 2050. That is a 
quarter more than there are at present. 
The chart on this page shows the increase 
of the world population. By the way, take 
a look at worldometers.info, they are mind 
blowing!

The greatest population growth is to 
be expected in developing countries, 
particularly in Africa, hence the link with 
poverty reduction, family planning and 
education, because these help to reduce 
birth rates. 

In rich countries, the population is more 
or less stabilizing or even declining. Still, 
it wouldn't hurt to consider the number 
of kids you want to get (if you're in that 
moment in life). 
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Cause 2: wealth 
According to PricewaterhouseCoopers, in 2050 the global economy will be 2.7-
fold bigger than it is today. My back-of-the-envelope calculation: If the world 
economy were 2.7 times bigger than it is now, people in 2050 will behave like 
7.3 billion × 2.7 = 20 million people would do today. That's something else to 
prepare for than 9 billion people. 

Global Footprint Network has calculated that we currently live as if we had 1.6 
Earths to support us. We don't have 1.6 Earths. We have one. That means we eat 
into natural reserves. We are already exceeding the carrying capacity of the Earth. 

However, if we stick to our current ways, we will need 1.6 × 2.7 = 4.3 Earths in 
2050. Using another method, Global Footprint Network calculated that we will 
need 2.7 Earths in 2050. I will stick to four Earths for the moment.

If the whole world lived like US citizens did in 2016, we would need 4.8 Earths, 
and if the world lived like people in Bangladesh, the one planet could sufficiently 
support us for a long time. 

worldworldbangladesh usa
2016 2050

x 1.6

x 4.8
x 4

BASED ON DATA FROM GLOBAL FOOTPRINT NETWORK

2016 2050

2016 2050

2016 2050

times 2.7

number of earths needed to sustain the world’s population

wealth (gdp world)

number of people in the world

9.7 million7.3 million

70 trillion

1.6 4

190 trillion
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10. Earth's 
carrying capacity

Cause 3: unsustainability
The third source of pressure on the ecosystem is the unsustainable way in 
which we provide for our needs. The increase in the number of people and even 
rising prosperity wouldn't lead to excessive pressure if we were careful with the 
ecosystem, using it in a sustainable way. Currently, we use more 
than the planet can cope with. Actually, we have been exceeding 
the limits of natural resources since the seventies, though we 
don't feel the direct effects in the Western world. In other parts of 
the world, the consequences are already more tangible. 

CARRYING CAPACITY
The Earth is a closed system with a limited amount of matter. So 
this system can produce only certain amounts of freshwater, food 
and raw materials in a given time frame. Our Western way of providing for our 
needs is a linear model based on extraction: extract from nature > use > discard. 
Nature works differently, because it feeds on refuse. It is a circular model. It can 
go on and on. 

Usually, the natural system adapts to changes and deals with problems, but 
human activity is so overwhelmingly vast that nature can't keep up. 'Earth 
Overshoot Day' illustrates this. It is the date on which we virtually exceed the 
carrying capacity of the Earth. The rest of the year we 'over-use' the planet, and 
this day comes earlier every year. In 2015 Earth Overshoot Day was on August 13, 
in 2016 it was on the 8th and it will shift towards the beginning of summer in 
coming years.  

FOUR LIMITS*
 » Fertile land to grow food and fiber crops and wild food sources
 » Freshwater
 » Raw materials and rare earths
 » Raw materials or fuels for energy

This chapter is about these four limits. Where do we stand, what's going on and 
what will the future hold? All four limits are under pressure and, as we know, this 
pressure will triple in the next few decades. The first two limits cause problems 
with the food supply, while the last two shortages lead to more pollution. I will 
show how we can solve the problems related to each of the limits.  

*In terms of energy, the planet is not a closed system, of course, since we get energy from the sun all 
the time. That energy keeps everything going. 
You could say uptaking pollution and greenhouse gases are also limits. They are, of course. I will get 
into these 'negative' limits in chapter 11.

we take more 
than what's 

to give
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Arable land & food supply
The amount of fertile land is finite. Hunting and fishing also have their limits, 
since populations need time to recover. There is a certain maximum to the 
potential yield of food crops, cotton, wood, and wild food sources. 

Only 10% of the ice-free land in the world is suitable for agriculture, and as you 
can see in the picture below, that area is pretty much all in use. This is it. 

eroded

undeveloped land

icefree land

adapted by people

populated
areas

production forest

agriculture 10%

grassland 28%

mountains, tundras
deserts

wild forests

46% 54%

arable land is scarce
Earth’s surface

sea & ice

SOURCE: NATIONAL GEOGRAPHIC

INCREASING DEMAND, DECREASING SUPPLY
Demand for food is increasing. Can we produce 
three times as much food in 2050 with the current 
arable land? If we can't, we have a problem. The 
number of people that eat meat increases with the 
world population and with prosperity. We need lots 
of arable land to produce feed for all that livestock.

However, the amount of available arable 
land actually diminishes with climate change. 
Urbanization and degradation of fertile soil are also 
causes of declining farmland. 

food demand in 2050:
an equivalent of 
20 billion people

current food demand:
7.3 billion people

crop yields will increase
due to optimization
of farming methods

food supply under pressure

crop yields will decline
due to climate change 
and soil degradation

Especially in some developing countries, shortage of farmland leads to cultivation 
of new fertile land, and that means deforestation. On page 148, you can read 
about why deforestation is a problem.

“in the next 50 years 
we need to produce 
as much food as we 
did in all the past 

10,000 years”
DOCUMENTARY 'FRESCO’S PARADISE'
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WHY FOOD SUPPLY IS UNDER PRESSURE
Dutch agricultural university Wageningen has this slogan: 'twice more with twice 
less'. According to my rough calculations, it should actually be 'thrice more with 
twice less'. Because as we saw, we are going from 7.3 billion people in the world 
to an equivalent of 20 billion people. 

That is a massive task, considering that we have cultivated the maximum 
amount of farmland already. Chances are that desertification (because of climate 
change and soil erosion) and urbanization (increasing world population) will 
decrease the amount of available arable land. On top of that, freshwater and raw 
materials to make fertilizer (phosphate) are becoming increasingly scarce.

Climate change has a negative impact on crop growth (read: food supply) in 
many areas (the red areas on the world map next page). That is most of the 
world. Poor areas where many people live and where the population is growing 
fastest are the most affected, especially in Africa. The conditions there are 
challenging even without climate change, but it becomes increasingly difficult for 
local farmers to grow enough food. It doesn't surprise me that those areas are 
seeing more deforestation.

Unfortunately, I would almost say, climate change seems to be favorable to 
agriculture in some parts of the US, Europe and Asia. Only for the time being 
though, because at 3 to 4 degrees warming, the green areas in this map will turn 
red too. Only negative consequences will follow that kind of climate disruption. 
Local farmers in the green areas on the map will see their profits rise while 
farmers in red areas will fail. Some companies with business in the green areas 
will want to exploit climate change. Oil and mining in the Arctic will become 
more attractive as the polar ice caps melt. This partly explains the resistance to 
the fight against climate change.

SOLUTIONS
The most effective solution is to seriously reduce our meat consumption. If 
everyone was a vegetarian, the available land to produce food for humans would 
almost double. Moreover, the food supply would multiply (remember how much 
food a cow needs? Page 67 to 73). The food problems facing the world would be 
much less acute if we just changed our diets. 

Farmers could get much more food from the same land if they optimized their 
production methods. There are several ways to do this, from using the right 
amounts of fertilizer, water and pesticides, to finding more resilient varieties. For 
example, in Africa, the agricultural yield is only 5% of its theoretical potential. In 
the United States, the yield is 50% -70% and The Netherlands takes the lead with 
a yield of 95%. There's a lot to be gained from optimizing farming methods.

more or less harvest?
if the world becomes 3 degrees warmer

-50%

no data

change in crop yields between now and 2050

+100%

SOURCE: WORLD RESOURCES INSTITUTE
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Freshwater 
Only 2.5% of the world's water is freshwater. Of this 2.5%, humans can use just 
a fraction. Freshwater resources all around the world are declining. These factors 
play a role:
 » It rains less due to deforestation and global warming
 » Underground water reservoirs (aquifers) are used up rapidly for irrigation of 

farmland, and this freshwater (together with fertile land) flushes to the sea 
where it can't be used

 » Seawater desalination takes a lot of energy, so it usually isn't profitable
 » There is less melt water in spring due to warmer winters
 » Soil erosion and pollutants affect freshwater quality

Four billion people around the world are faced with with severe water shortages 
for at least one month a year. This is especially a problem for food production. On 
top of that, rapidly growing urban areas lay a heavy burden on water resources in 
the area. 

There are various solutions to solve the problem of water scarcity. Think of things 
like precision agriculture, stopping climate change, reforestation, desalination of 
seawater and reducing the amount of livestock. A few facts about water:

You use about 2,000 gallons of 
freshwater per day, without ever realizing it

Four billion people around the globe are 
faced with with severe water shortages at 
least one month per year.

Our own bodies 
consist principally 
of water: 70%

That’s why water scarcity 
particularly threatens our 
food security

96% of water 
consumption in the US 
is hidden. 
Only 4% is tap water

hidden
water

91% of the world’s 
water consumption is 
used for agriculture

In the US, that’s 
80% of water 
consumption

Ogallala Aquifer, which 
provides nearly all of the 

irrigation water in the 
High Plains, is being 
depleted in Kansas

SOURCE: MEKONNEN, M.M. AND HOEKSTRA, A.Y. (2011) NATIONAL WATER FOOTPRINT ACCOUNTS

ice sheets &
glaciers 68%

groundwater 30%

permafrost (’ground ice’) 1%

surface and air 0,4%

surface and air

freshwater is scarce

freshwater

freshwater lakes  67%

soil    21%

atmosphere   10%

rivers    1,6%

plants and animals   0,8%

all the water on earth

all freshwater
on earth

IDEA WATER DROPLET EARTH: JACK COOK USGS
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2020
antimony

2029
silver

2030
gold

2044
copper

2056
titanium

2058
tantalum

2092
aluminum

2088
phosphorus2024

indium

when will it 
run out?

2020 2030 2040 2050 2060 2070 2080 2090 2100

Scarce commodities
The extraction of materials is highly polluting, as we saw in the case of the 
laptop. From an environmental perspective, it might not seem like such a big 
deal that we're running out of certain commodities*. I thought mining couldn't 
pollute anymore when ores are depleted, we'd shift to recycling or to other 
materials. Unfortunately, the opposite is true: the scarcer the commodity, the 
more polluting the mining.

USEFUL
Rare earth elements have various high-tech applications and they are extremely 
valuable. China produces around 93% of these scarce resources because mining 
is cheap there. China almost has a monopoly. There are mines in other countries, 
like the US, but many are closed because they are unprofitable at the moment. 

WHEN WILL WE RUN OUT?
It's not just one or two materials that will run out in the next few decades, 
it's dozens of crucial things. The dates below are based on known stocks with 
mining techniques that are currently profitable. Mines in areas with lower ore 
concentrations will be opened in the future, which means the amount of energy 
and chemicals needed for the mining process will increase. This is already 
the case with copper. Copper extraction costs more energy with lower ore 
concentrations. So the impact of mining will increase, and to me, that seems like 
a bigger problem then running out of materials.

*By commodities I mean the ore we extract from the ground to make things.  I classify natural 
materials such as wood and cotton under fiber crops. Depletion of fossil fuels isn't an issue, because 
their use is limited by preventing climate change, not by the quantities of fuel left. More on this topic 
in the next chapter on climate. This page is about scarce resources that will cause problems if they run 
out.

Recycling Network* says: 'Reports of an imminent absolute depletion of global 
stocks of raw materials in the short term are not correct and falsely alarming. 
The increasing risks taken by the resource extraction and its effects on humans, 
animals and the environment are the real danger in exhaustion of commodity 
stocks. High-quality recycling is a way to combat the possible negative effects of 
resource scarcity'.

LIMITS TO THE CIRCULAR ECONOMY & SOLUTIONS
True, recycling is definitely a solution. Unfortunately, it can't meet the entire 
demand for commodities. The demand is increasing rapidly because of the 
increasing world population and prosperity. That means we can only partially 
cover the demand for commodities with recycling. For example, the demand for 
aluminum and steel has increased significantly in recent decades and it is still 
rising. Only 20% of the demand for aluminum can be met by recycling. 40% of 
global steel demand could come from recycled steel, according to Geert Bergsma 
of CE Delft. The rest has to be extracted from the ground. In the long run, we 
might reach a balance, when the world population and its prosperity stabilizes. 

What else can we do besides recycling? The mining process can be a lot more 
sustainable than it is now. We should be happy to pay for that. Geert advocates 
a label for materials, so consumers know what to choose. We can use social 
media to exert pressure on the industry to clean up their business. And finally, 
we can make a change in our own daily lives by buying less new stuff. If we all 
reduced demand, that would be the most effective way to reduce the impact of 
commodities.

*Recycling Network is a coalition of environmental organizations, focusing on fewer and better uses of 
raw materials and on recycling.
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Energy stocks
Which energy sources do we have, and how much energy could they generate if 
they were used to the max? On the right-hand page, you can see an overview. 
The little brown dot is our current global energy use. The red circles are the totals 
of non-renewable fuel reserves. Some could last for centuries. The green circles 
represent renewable energy sources, indicating their annual potential yield. The 
huge green circle at the top is the energy potential of the sun, which is obviously 
the biggest energy supplier by far. We don't seem to have an energy problem at 
all...

With energy from sun, wind and water, we can easily cover our energy needs. 
We can't use all these fossil reserves. Use of those little brown wedges in the red 
circles leads to 2°C (3.6°F) global warming. Below I will show you what the pros 
and cons of different energy sources are.

SUN
Households can generate their own electricity with solar panels. I think large-
scale Concentrating Solar Power plants are an interesting development. They 
are built in sunny areas, like the Californian desert. These plants generate 
electricity using mirrors to concentrate sunlight, which heats seawater to steam. 
It also generates electricity after sunset, which is great, because storing energy 
is usually difficult. An additional plus is that seawater gets desalinated in the 
process. Sounds like a win-win situation to me. 

WIND
Wind energy has a significant share in the green energy of the future. The only 
problem is the need for scarce magnets. But the persistent rumor that the hidden 
energy in wind turbines is the same as the yield is untrue. The payback period 
is 23 weeks and the life of a windmill is 20 years, according to various studies. 
That's a yield of 95%. And when that hidden energy is generated by a renewable 
source, there's no problem at all. 

Sun and wind aren't available all the time. In order to have a steady energy 
supply, we can do two things: we could connect the power grid over a much 
larger area or we could find ways to store energy on a large scale. Both solutions 
are still quite challenging, but surely they can be solved if we put our minds to it. 

WATER
Classic hydraulic energy generation requires sloping terrain, so it isn't possible 
everywhere. Reservoirs are an unexpected source of CO2 emissions, due 
to digestion of organic matter in stagnant water. They also have negative 
environmental and social impacts downstream. Hydraulic energy can also be 
generated with tides, waves or flowing water.

TOTAL ENERGY RESERVES
(non renewable)

ANNUAL ENERGY POTENTIAL
(renewable)

TOTAL GLOBAL
ENERGY CONSUMPTION

18 TW/yr

tides
0,3 TW/yr

biomass 
2 - 6 TW/yr

geothermal 
0.3 - 2 TW/yr

water
3 - 4 TW/yr

coal
900 TW

oil
240 TW

gas
215 TW

wind 
25 - 70 TW/yr

uranium
90 - 300 TW

sun
26.000 TW/yr

global energy stocks

burning only these 
brown wedges 

would lead to global 
warming of 2°C

SOURCE: PEREZ ET AL
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BIOMASS
Biomass is grouped under sustainable solutions. I hear conflicting views about 
biomass, and I'd like to share them with you.

According to Geert (CE Delft), some biomass power generation from waste wood 
is okay. But most of the biomass power is generated in developing countries, 
where it leads to deforestation. That is not okay.

In Holland, we burn wood from Canadian boreal forests that die because of 
climate change. And professor Rik Leemans (Wageningen University) told me the 
US produces lots of biofuels from corn to be less dependent on the Middle East. 
But corn needs lots of energy-intensive fertilizer. In fact, to produce fertilizer costs 
almost as much energy as you get out of the corn. Corn ethanol is no solution. 

Is biomass CO2 neutral? In theory, yes, because 'only the absorbed CO2 is released 
during combustion. If you plant back the same number of trees you burned you 
should be safe', says Mark Kemna (FSC). But according to Rik Leemans, new trees 
only start taking in enough CO2 after 60 years. And at the moment, many more 
trees disappear than are planted. We are not in the clear here.

Organic waste is different than wood. For example, less than 1% of the coffee 
plant is useful to us. The remainder is waste. Burn it, capture the CO2 and you're 
good again. It makes sense to do something with the stuff, so experts say. 

By burning biomass, you lose some scarce fertilizer materials like phosphorus. 
Phosphorus is a building block of DNA and that makes it an essential nutrient for 
all organisms. Making fertilizer costs a lot of energy and phosphorus resources 
are declining (page 138). You could also compost plant debris to get nutrients 
directly back into the system. Making agriculture circular would save energy and 
preserve valuable nutrients.

The main objection against biomass is the pressure it exerts on farmland and 
forests. Biomass production already occupies 9% of agricultural land and the 
share is growing, while agricultural land is increasingly scarce, as we saw.

What to do? All in all, I'm not a fan of biomass, although under certain 
circumstances it could be useful. At home, you can make your own compost from 
vegetable waste and don't use wood or other organic materials in stoves and 
fireplaces.

GEOTHERMAL ENERGY
Geothermal energy is renewable. There are different types of geothermal energy: 
flat, shallow or deep systems, which can be closed or open to groundwater. In 
shallow and flat forms, the soil functions as heat storage, storing heat from the 
sun or from your home. You can cool your home in summer 
with this kind of system. The deep systems use heat of the 
Earth's core. The only external energy this system needs is a 
bit of electricity to power the heat pump.

Not every subsoil is suitable for geothermal energy and 
there has to be space between different geothermal 
projects. It's and interesting possibility for greenhouses and 
new construction projects, preferably big ones, since it is 
quite an investment to install a system like that. 

FOSSIL FUELS 
Fossil energy is actually solar energy stored over millions of years in the form of 
plant residues in the (sea) floor. The energy content of fossil fuels is about 1.5 to 
2 times that of wood. 

Over the past three hundred years, our global energy use has increased from 
zero to the equivalent of a staggering 5,300 billion gallons of gasoline annually. 
The majority (over 80%) of all worldwide energy comes from burning three fossil 
fuels: oil, coal and gas. Shale gas has emerged widely used in the US, resulting in 
an increased use of gas. 

The easily extractable oil reserves will run out around 2030 and oil is getting 
more scarce already. That's why we're seeing the emergence of dirtier methods 
such as fracking, where a mixture of water and chemicals is sprayed into the 
soil under high pressure. Tar sands have also emerged, which destroy the nature 
surrounding them. There is still plenty of coal and gas for the coming centuries. 
That sounds reassuring, but it's actually a problem, because we have to stay 
away from these stocks.

NUCLEAR ENERGY
Nuclear energy is clean during operation. Mining the uranium and building the 
plant are not. They are polluting and they cost a lot of energy. Accidents like 
Fukushima cannot be ruled out, and there are risks involved with the waste 
products of nuclear energy. Uranium remains dangerously radioactive for 
centuries and there's no 100% fool-proof method for keeping it safe. Nuclear 
energy is not as clean as it seems. And if something goes wrong, we're in deep... 

there is enough 
energy, it's 

just a matter 
of mentality
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11. Consequences 
for the planet

Consequences of our impact on the ecosystem
What are we doing to the planet? I looked at three 
categories: nature, climate and environment. They are 
related, but there are also differences. This is how I 
define the three categories:

 » Nature: Millions of animal and plant species. Our food 
supply is part of nature. Main threat: mass extinction

 » Climate: The average weather conditions in a large 
area over a long period (30 years). Main threat: 
climate disruption

 » Environment: quality of soil, water and air. Main 
threat: pollution

Below is a summary of the effects of our impact on the ecosystem. In this 
chapter, I'll delve deeper into these three categories. 
 

environmentclimatenature
Some scientists say we’re 

facing the 6th mass extinction 
in history

Loss of biodiversity and an 
increase in alien species 
causes an imbalance in 

ecosystems

Depletion of wild resources 
such as fish and wood

Destruction of natural habitats

Deforestation leads to soil 
erosion, habitat loss, loss of
biodiversity, less CO2 uptake

Greenhouse gas emissions 
lead to global warming and 

acidification of oceans

Increase in extreme weather 
conditions, such as heat 

waves, droughts, floods and 
storms

Rising sea levels

Dangerous tipping points like 
melting ice packs and 

permafrost, disruption of 
monsoons, deforestation, 

changes in ocean circulations

Pollution

Emissions of hazardous toxins 
to soil, water and air

Increase of particles in soil, 
water and air, like plastic 
particles, micro beads or 

particulate matter

Refuse and plastic soup

the scale of 
human impact 
is astonishing

THOMAS CROWTHER, 
ECOLOGIST
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Nature: the use of so many species
Nature is a complex interaction of millions of plants and animal species. Those 
species are usually in equilibrium, a dynamic equilibrium to be exact. Together, 
these species can cope with changes and shifting pressures. Compare it with 
cycling, it's basically falling a bit and steering to the 
other side. That works because the wheels are flywheels. 
Biodiversity works kind of like a flywheel.

Why would it be such a big deal if this or that animal species 
dies out? To be honest, I always wondered what all the fuss 
was about. I didn't know that desert mouse anyway. But 
now I know better. Nature supports just about everything we 
do, especially our primary necessities in life: food, a stable 
climate, clean air and freshwater. These are things people 
can't do without, but we still treat nature carelessly. Nature 
won't collapse over one extinct species. That's just a bump 
in the road. Steer and you'll be fine. The point is that our 
impact is too big. We are undermining a whole system. We 
are turning the road we cycle on upside down. 

For example, the late Chinese dictator Mao decided to kill all the sparrows 
because they stole grain from the workers. The elimination of sparrows led to 
terrible insect plagues. Then the Chinese used insecticides to combat the insects 
but they killed all the bees in the process, too. Now people in China have to 
pollinate flowering trees and plants by hand. People pollinate way less efficiently 
than bees would.

Professor Louise Fresco states that biodiversity is also important for food security 
in the future. Her point is that we need biodiversity to improve crop varieties. 
If we want to feed the equivalent of 20 billion people (check my calculation on 
page 127), our food output will have to triple. To achieve this, we need crops 
that are resistant to climate change and pests, increasing the yield and lowering 
the amount of water, pesticide and fertilizer we use. To breed these species, you 
need as many wild species as possible: we need intact nature.

Companies like Monsanto develop resilient crops, but they have their drawbacks. 
They control a large part of the global food supply with their patents on plants 
and matching pesticides. That's undesirable for both biodiversity, and the 
independence of farmers. We don't want a few companies controlling our food 
system. Yes, we need to enhance species, but not by giving a few companies a 
monopoly on our basic necessities. Governments should ban patents on crops.

the earth stands 
on the brink of 

its sixth mass 
extinction and 
the fault is ours

THE GUARDIAN

There are over 8 million
animal and plant species on Earth

At least 1/5 of all species are 
endangered, vulnerable or extinct

We’ve only discovered 10% of all 
species in the Amazon Rain Forest

Deforestation, hunting, overfishing, 
pollution, invasive species and 
climate change are the main 
causes for loss of biodiversity

biodiversity

Nature provides clean water, clean air, fertile 
soil and a stable climate. It also provides food, 
wood, clothing and medicine

-81%
Freshwater species

-36%
Marine species

-58%
Vertebrate species:

mammals, birds, fish, 
reptiles, amphibians

-38%
Land species

how many animals have we lost already?
Population decline since 1970

SOURCE: LIVING PLANET REPORT 2016, WORLD NATURE FUND



151150

Nature: deforestation
The climate debate is more about CO2 emissions and less about CO2 uptake. 
Forests play a key role in the Earth's ecosystem, keeping climate and biodiversity 
healthy and maintaining air, water and soil quality. 27 million trees disappear 
each day. That is 325 trees per second. It seems to me 
that deforestation is an underestimated problem. 

FORESTS, RAIN AND CLIMATE
Trees absorb CO2 from the air. Deforestation means 
less CO2 uptake. Meanwhile, deforestation itself is 
a source of CO2 emissions, and it's a big one too. 
It accounts for more than all road emissions put 
together - 18% of man-made CO2 emissions are from 
deforestation versus 13% from traffic.

Forests are important for the freshwater 
cycle. Forests exhaust water, which forms 
clouds. Cutting down forest means less rain. 
Water expert Ruud van der Ent discovered 
that certain areas on a continent depend 
on rain formation in forests elsewhere on 
the continent. This phenomenon works over 
thousands of miles. For example, the Amazon 
produces rain that falls a few thousand miles 
to the South.

DOWNWARD SPIRAL
Deforestation is self-reinforcing. It causes 
climate change, making the atmosphere drier and hotter, which causes more 
forest fires than before and more destroyed forest. Especially in developing 
countries, the bare land that wildfires create is used for agriculture and the forest 
can't recover.

Forests are important for the quality of the soil. Forest soil is usually very fertile 
and tree roots hold the soil and prevent erosion. Without tree roots, fertile soil 
washes away easily. It's difficult to replant new forests in the remaining soil. 
Deforestation is often an irreversible process.

CO2
CO2

climate change is 
caused by both co2 

emissions and 
deforestation

Trees filter quarter of all 
particulates from the air amazing

trees

Therefore, forests 
provide rain in an area

Forests regulate the 
temperature in an area

4/5 of all land species 
live in a forest

1 tree evaporates about 1,000 gallons of water per day

One tree supports up to 250 
plant and animal species

Roots hold water and 
they even purify water

Forests make fertile soil

To trees, carbon is a building 
material. They absorb CO2 from the 
air to grow wood and leaves

O2 is a ‘waste product’ for the 
tree, so it emits oxygin 

About 275 tonnes of CO2 is 
stored in one acre of 
forest. The amount of CO2 
that’s released in a fire is 
equivalent to driving a car 
for 25 years 

Roots keep fertile soil in place 
and protect it from erosion

Trees reduce wind speed

CO2

O2
One tree has the 
cooling power of
air conditioners 10
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CAUSES OF DEFORESTATION
Deforestation is a complex problem, but the growing demand for food (especially 
meat) is a major cause. Politics, corruption, mining and poverty also play a role. 
Deforestation in Brazil and Borneo is notorious, but deforestation also takes place 
in places like Australia and Congo. 

Farmland is developed by cutting or burning down forested areas. The wood 
is worth money and later on, the harvest of the piece of land is profitable. In 
Indonesia, small farmers sell their piece of land to the large palm oil plantations 
a few years after deforesting the land, and the palm company may even get 
a sustainability label for not deforesting. Indonesian soil is very rich in CO2. It's 
stored up to 65 feet deep in peat soil and it is released by inextinguishable fires.

'Accidental' deforestation also happens. Boreal forests are dying off because of 
melting permafrost due to global warming, as I mentioned on page 142. These 
dying trees are called 'drunken trees' because the roots can no longer grip the 
now-soft soil, so they stagger and topple over.

THE CURRENT SITUATION
The world map below shows the levels of deforestation in the world. Only the 
dark green pieces are intact forest. The rest has been cleared to some extent. The 
cutout on the right shows how far-reaching deforestation is in the US, despite US 
reforestation programs. 

SOURCE: ATLAS OF FOREST LANDSCAPE RESTORATION OPPORTUNITIES

deforestation in the united states

intact forest

fragmented/ managed

degraded unsuitable for forest

deforested
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SOLUTION 1: SAVING EXISTING FORESTS
First of all, we can preserve existing forests. This works best if there is more 
money to be earned with intact forests than with deforestation. The construction 
sector might help. It's a potentially large market. If the demand for timber 
increases, intact forests become more profitable (see page 106).

Mark Kemna (FSC): 'By demanding certified wood (including tropical wood), you 
can stimulate sustainable forest management and therefore forest conservation. 
Sustainable forest management has a business case. FSC has existed for 20 years 
and it has acquired 185 million hectares of certified forest thanks to the demand 
for wood as a building material.' 

SOLUTION 2: PLANTING NEW FORESTS
Besides saving existing forests, we can create new forests. However, initiatives 
for reforestation run into problems. These projects focus on developing countries, 
perhaps because that's where most deforestation occurs. I wonder whether we 
could replant massive forests in rich countries too. We could start with countries 
that are getting drier and hotter. We could also create extra space for trees in the 
city, where it gets extra hot in summer due to lack of green space. 

As a side note, new forests don't have the same qualities as existing forests, 
especially in the beginning. According to an article in Science, and old forest 
with large trees, dead wood and a thick layer of leaves on the ground captures 
more CO2 from the atmosphere than a newly planted forest. Even with good 
management, a planted forest stores less carbon than the natural forests in 1750 
did. 

That is also because, today, we mainly plant conifers. Coniferous forests have 
different water and energy management than deciduous forests, making the 
greenhouse effect worse rather than slowing it down. When planting new trees, 
conifers are often chosen from an economic perspective, because the straight 
trunks are suitable for timber production. The key question is whether we can 
develop an economically attractive type of forest management that's good 
for the climate but can also be used for other purposes like timber production, 
recreation and rich biodiversity development.

HOW MUCH FOREST WOULD WE NEED?
I conducted a thought experiment to see how much forest the world needs to 
bring the CO2 cycle back into balance.* This calculation, again, is back-of-the 
envelope-style and should be taken with a grain of slat. But it does give you a 
feel for the order of magnitude and it shows how deeply in trouble we are.

current
forests

deforested

surface area of
the entire planet

forested area needed 
to compensate 

for all CO2 emissions
since 1750

If we met our global energy demand by burning wood, we would deforest the 
whole world in seven months. 

Furthermore, we should reforest a staggering 1.5 billion square miles in order 
to compensate for all greenhouse gas emissions since 1750. That is a surface 
the size of eight times the entire Earth. In other words, we have burned the 
equivalent of 50 times the original forests of the Earth. I am shocked. 

*Calculation:
 » We have emitted an extra 2000 Gton (or 4,400 billion lbs) of CO2 since 1750 (IPCC)
 » 1 large tree takes up 15.4 lbs of CO2 on average, but the numbers vary between 4.4 and 44 lbs CO2-

uptake
 » Natural forest varies greatly in density. Production forest is, on average, 200 trees per acre. I use 

an average tree density of 275 trees per acre or 177,500 per mi2
 » [2000 Gton emissions / 15.4 lbs of CO2 storage per tree] / 177,500 trees per mi2 = 1.5 billion mi2
 » There currently are about 3,000 billion trees in the world (Nature). Intact plus fragmented forest 

together covers about 15 million mi2. I don't include degraded and deforested area as forest area 
(as classified by World Resources Institute)

 » Over the past 10,000 years, almost half the forests have disappeared. There used to be roughly 
double the area, that's 30 million mi2

 » The Earth has about 54 million mi2 of ice-free land
 » The surface of the Earth including the oceans is 193 million mi2
 » 1.5 billion mi2 / 193 million mi2 = almost 8 times the whole earth
 » 1.5 billion mi2 / 30 million mi2 = 50 times the original forests of the Earth
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RIGHT: INFORMATION IS BEAUTIFUL / HOW MANY GIGATONS OF CARBON DIOXIDE...?

Climate
WHAT IS CLIMATE CHANGE?
Trees and plants are largely made of carbon (C). When they die and rot or burn 
the carbon is released again. But under certain conditions dead trees and plants 
sink in mud or water, don't rot and the carbon is kept underground. In this way, 
for millions of years, trees and plants ended up in the ground. They slowly 
became fossil fuels. Now, in a very short time, all this stored carbon is released 
as CO2, a compound of carbon and oxygen (O2). CO2 is a greenhouse gas. There 
are also other more powerful greenhouse gases, such as methane. Greenhouse 
gases act like a blanket, keeping the incoming heat from the sun trapped inside 
the atmosphere, causing global warming.

WHAT ARE SOURCES OF GREENHOUSE GAS EMISSIONS?
The picture below shows the different sources of greenhouse gas emissions. In 
contrast to other information in the book, this is not traced back to the consumer. 
This classification is based on production.

GREENHOUSE 
GAS

3% refuse & waste water

greenhouse gas emissions
caused by people worldwide

26% energy

19% industry

18% deforestation & forest fires

13% livestock & agriculture

13% transport 

8% built environment

WHAT'S THE PROBLEM?
On the right you see an overview of fossil fuels and the consequences for the 
planet if we would use them. The green surfaces on top are the fossil fuels we 
have used so far. The brown part leads to a temperature rise by 2°C (3.6°F). The 
pink areas on the right are the remaining reserves. In the table underneath, you 
can see what awaits us if we would use these reserves.

Amsterdam New York Bangkok

probably
mass extinction

unknown

unknown

coral stops
growing

dissolves

7% 13% 20-26% 35-42%

-20%-10% -30 - 40%

Mediterranean
countries
desertify

every European
summer severe

heatwaves
more severe
heatwaves

+7.5% +15% +22.5 - 30% +37.5 - 45%

30%

Greenland ice
sheet starts to
disintegrate,
raising sea

levels by 20 ft

Loads of CO2 
and methane
released by

melting
permafrost

Ocean floor
methane
released,

causing runaway
climate change

40%

30% more
acidic

dead 150% more
acidic

15% 30% 45 - 60% 75%

global
warming

sea level
rise by 2100

drowning
cities

(knee-high)

ocean
acidification

arctic sea ice
annual

reduction

heat

 corn & wheat
yields

species at risk
of extinction

really scary
things

hurricane
destructive-

ness

      % more
heavy rain
over land

happened nightmareprobably
gonna happen‘safe’ limit tipping point

+0.8°C
(1.4°F)

+1.5°C
(2.7°F)

+2.0°C
(3.6°F)

+3-4°C
(5.4-7.2°F)

+5-6°C
(9-10.8°F)

3 ft 3.5 ft 4 ft 4.8 ft

the effects of climate change
at different temperature rises

500
between

2000 and 2015

335
leads to

+2°C
global

warming

710
in fossil fuel

reserves of all
energy companies

780
remaining company
reserves that could

be developed

1,265
other reserves

(including state-owned)

in Gigatons of CO2

1,010
between

1850 and 1999

We released and Another Left to release:
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Environment: pollution
SOURCES OF ENVIRONMENTAL POLLUTION
I've already described the consequences of our impact on nature and the climate. 
The environment is the third part of the ecosystem I'll talk about. Here are a few 
examples to give you an idea of the causes of environmental pollution:

 » Agriculture: manure, fertilizers, pesticides
 » Deforestation: smog from forest fires
 » Industry: factories and mines cause emission of various toxins and particulates
 » Traffic: combustion engines, brakes and tire wear cause emissions of toxins 

and particulate matter
 » Container ships emit large amounts of sulfur and particulates
 » Incinerators, power plants and blast furnaces emit particulate matter
 » Solvents from paints, etcetera
 » Fireworks
 » Litter and plastic soup

toxins

manure

sulfur & particulatesparticulates,
    smog smog, particulates

pesticides, fertilizers

salinization, eutrophication, desiccation,
acidification, metals, toxins, litter

salinization, eutrophication, acidification,
toxins, plastic soup, plastic microbeads

water
soil

air
acidification, smog, 

particulate matter, toxins

cleaning products, cosmetics,
paint and (chemical) waste

during  mining, toxins 
and metals often leak 

into the soil

tar sands, fracking 
and oil leakage 

destroy local nature

WHAT'S HAPPENING TO THE OCEANS?
Oceans aren't covered that much in this book, but they are a crucial part of the 
ecosystem. Three consequences of our impact on the oceans are:
 
 » Ocean acidification: a portion of the extra CO2 in the air dissolves in seawater, 

causing acidification. This acidity has increased by 30% since the beginning 
of the industrial revolution, and that's bad for marine life. Coral reefs, an 
important habitat for fish and plants, are dying off. About 40% of ocean life 
has already disappeared

 » Plastic soup: Fish and birds think litter it is food and they eat it, filling their 
intestines with a plastic mess. Leftover plastics also dissolve into micro 
particles, which invade everything, including our food system. We don't yet 
know the consequences for our health, but I'm guessing it can't be good

 » Degradation of natural resources: according to the World Wildlife Fund, 90% of 
commercially exploited marine populations are fished to the max or even over 
fished
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12. Consequences 
for us humans

Why is all of this a problem for people?
As you read in chapter 10 about the carrying capacity 
of the ecosystem, we're asking too much of our planet. 
But after everything you've read, you may still be 
wondering what that actually has to do with us. In 
rich countries, the consequences don't hurt that bad 
yet, but in Africa and the Middle East, many people 
are already suffering from our collective impact on the 
ecosystem. 

The provision of our basic needs for survival are under 
pressure: food and shelter. Undermining these basics 
causes migration, social unrest and conflicts. 

THE CONSEQUENCES FOR US AT A GLANCE
 » Environmental pollution causes all sorts of health issues, such as respiratory 

problems, allergies and cancer
 » Our impact can lead to crop failures and food shortages
 » Freshwater shortage is already pressing and will only increase. This is 

especially a problem for food supply
 » We can expect rising food and commodity prices due to shortages
 » Costs of fixing and preventing problems rise as the impact continues
 » The material damage from things like storms and floods will increase
 » All of these points have a negative impact on the economy
 » And that puts security in the world under pressure. It often leads to social 

unrest, refugee flows or even war

In this chapter, we'll look at the economic and social consequences of our 
environmental impact. Pressures on the ecosystem can cause social unrest and 
they also play a role in the development of the world economy. Poverty and 
shortages are a breeding ground for conflict. Damage to the ecosystem causes 
damage to the economy, while sustainability offers opportunities. We could 
reframe our economy and opt for a sustainable system. 

environmental 
impact damages 

our economy, while 
sustainability is 

an opportunity
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Impact on the economy
BEHIND OR AHEAD?
Emerging economies will overtake developed 
economies in the next few decades, according to 
PwC. At the same time, companies and countries 
will have to become sustainable to survive. 
Mark Carney, director of the Bank of England, 
acknowledges the risks of climate change and also 
notes the financial opportunities for the transition 
to a sustainable economy.

The Western world can continue to play a leading 
role on the world stage, if we can take the lead in 
terms of innovation, clean technologies and new 
ways to shape an eco-neutral society. Emerging 
economies can copy our green ideas and skip the 
unsustainable steps. 

THE COSTS OF CLIMATE CHANGE
The costs of climate change are not reflected in the price of fossil fuels. The IMF 
calculated that the fossil-fuel industry receives $5,300 billion dollars annually 
in the form of covert government subsidies. That amount continues to rise, and 
the IMF didn't even include other impacts in the calculation. Each world citizen 
should be saving $726 dollars annually to be able to pay for the uncovered 
damages ($5,300 billion / 7.3 billion people). World leaders set up a climate fund 
at the Paris climate summit which collects $100 billion annually. That's a mere 
2% of the amount the IMF calculated. National governments will have to finance 
the other $5,200 billion dollars. These polluters cause unnecessary damage to 
the economy. 

RISKS
According to Klaas Knot, director of the Dutch Central Bank, overvalued fossil 
investments or the 'Carbon Bubble' are a risk to the economy, unless such 
investments can be depreciated in time.

Economist Howard Stern investigated the costs of climate change on behalf 
of the British government in 2006. He predicted that if nothing is done to halt 
global warming, we will face the same kind of economic and social problems 
we saw at the time of the Great Depression in the '30s between the two World 
Wars. He describes the fact that so far little has been done about the problem of 
climate change as 'the largest and most influential market failure in economic 
history'. 

there are those who 
say we can't afford to 

act. but waiting is 
truly unaffordable. 

the costs of inaction 
are catastrophic

JOHN KERRY  
FORMER US SECRETARY OF STATE

climate change 
costs the world 

5,300 billion 
per year

IMF

PREVENTION IS CHEAPER THAN CURE
Stern also concludes that it is cheaper to immediately 
invest in expensive measures to reduce CO2 emissions, than 
it is to wait. Stern calculates that prevention would cost 1% 
to 2% of our global gross domestic product (GDP) annually. 
But if we do nothing, we will have to spend 5% to 20% of 
our global GDP later on to combat the effects of climate 
change. That means that we're likely to lose one fifth of 
our prosperity. Just think of the social consequences.

costs of damages costs of prevention

...not investing

what are the costs of...
...optimally investing

2050

2100

SHORT TERM
In the short term, investing in sustainability can generate jobs. For example, 
a coal-fired power plant is staffed by just a few employees, while solar panel 
installation is labor intensive. Going green can be a direct cost savings for 
companies, too. 

'WHAT ABOUT ME?'
People often tell me they are put off by the costs of sustainable products. They 
can be more expensive, but most of the time they should be cheaper than the 
grey alternative. But if the green solution is still under construction, or if you 
are not paying the True Price for the grey product (page 41), the sustainable 
alternative could be more expensive than the unsustainable one. When 
sustainable products become standard, the scale of production will increase and 
that will lower the price. Sustainability is not expensive per se, but on a small 
scale, it often is.

You'll be saving a lot of money if you buy less stuff, eat vegetarian, travel green, 
if you insulate your smaller house and generate your own energy. 

Ultimately, you will be better off if the economy continues to function properly... 
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Social implications: stability and security
OUR BASIC NEEDS ARE UNDER PRESSURE
Maslow's Hierarchy of Needs is a model for human behavior. Maslow says that 
people need the bottom layer of the pyramid to be secure before they will strive 
for the next layer. First of all, you want food, drink and a roof over your head. You 
aren't likely to take a course in model drawing if your kids have nothing to eat. 
After these bare necessities are met, social interactions are important. The top 
layer is self expression.  

Well, I drew Maslow's pyramid inside the ecosystem, because all of our basic 
needs are met by resources the planet delivers: energy, food, water, fibers and 
raw materials. And it's precisely those resources that are under pressure from our 
impact on the ecosystem. Prices for resources are rising and the provision of our 
basic needs is under pressure. To me, that's the crux of the problem.

maslow’s pyramid

the planet provides...

survival

self expression

social interaction

FLOODS AND HUNGER
Ecosystem pressures aren't just an economic problem. They also threaten our 
basic needs more directly. Think of the 60% of people in the world who live near 
the coast. They are increasingly faced with floods due to rising sea levels. Think 
of famines due to crop failures. As I'm writing this, the United Nations warns that 
parts of Africa are facing the worst famine we've ever seen, caused by wars and 
climate change. 

MASS MIGRATION AND CONFLICT
More and more refugees from Africa and the Middle East 
are seeking refuge in the West. We are mainly concerned 
with short-term solutions: emergency shelters, walls, border 
guards, shortened asylum procedures, and so on. But if you 
want to find a long-term solution, it makes sense to look at 
the underlying causes and solve those. Much of the current 
mass migration is at least partially caused by climate change. I 
don't want to underestimate the complex cocktail of political, religious and social 
causes, but in a society that suffers from a shortage of affordable food, water 
and shelter, the risk of escalation is much higher. Two examples:

Between 2007 and 2010, Syria was hit by the worst drought ever recorded in 
that country. Coupled with poor water management by Assad senior, that led 
to a severe water shortage. The result was widespread crop failure, economic 
dislocation and mass migration. Roughly 1 million impoverished peasants took 
refuge in the cities, while at the same time, around a million refugees from 
neighboring Iraq flooded the country. Food prices went sky-high, and housing 
prices followed. Research shows that climate change played a role in the unusual 
Syrian drought. It was one of the factors that caused the war. 

Conflicts on the African continent can also be traced back to climate change. 
Take Darfur as an example. Ban Ki-moon said in the Washington Post: 'Amid the 
diverse social and political causes, the Darfur conflict began as an ecological 
crisis, arising at least in part from climate change'. 

Future projections of climate refugees worldwide vary between 250 million and 
one billion by 2050. Estimates vary enormously thanks to the lack of a universally 
recognized definition of the term 'climate refugee'.

In short, our impact on the ecosystem is already high and growing fast. This 
could be disastrous for the economic and social stability in the world, unless we 
seize the opportunities that are available and decisively solve the problems. 
How? You can read all about that in part 3.

world peace is 
not built on an 

empty stomach
PROFESOR SEPPE DECKERS

UNIVERSITY OF LEUVEN
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part 3 
how can 

we fix this?
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What part 3 is about
In Part 1, I took a look at our impact on the ecosystem. In part 2, we saw the 
problems that arise for people and planet, and in this part, I'll examine how we 
can solve our problems. This is the good part! 

If we want to tackle the root of our problems instead of treating the symptoms, 
we should focus on 'what we want' and 'what we do'. Solutions in the realm of 
'consequences for the planet' include raising dikes, growing drought-resistant 
crops, that sort of thing. Important stuff, but it doesn't take away the underlying 
causes.

'What we want' is, in fact, our consumer demand, and business determines 'what 
we do', so to speak. The government regulates, stimulates and sets the rules. 
It also cleans up the mess; 'impact on the planet' and 'consequences for us'. 
You could perhaps keep problems at bay for a while by closing the borders, like 
Trump is trying to do, but it will probably have the opposite effect. Mistrust leads 
to mistrust and hatred leads to hatred. Is that a world you want to live in? I don't. 

In the next chapter, I'll look for big solutions. What can the government, industry 
and consumers do in general? The government can take the lead by setting a 
strong long-term vision and standing behind it. Companies can do 'what we 
do' differently. They can develop sustainable business models and enforce 
sustainable supply chains. We as consumers can make different choices in 
our daily lives. We can change 'what we want'. A different demand leads to a 
different supply.

In the last chapter, I'll help you on your way to developing a sustainable lifestyle. 
You play different roles in your life. You aren't just a consumer, you may be a 
student or a teacher, a parent or a child, you are a customer at your bank, you 
might be member of a club, perhaps you are an employee or an employer, and 
you probably have loads of friends. In all these roles, you can contribute to a 
better world. Find your sweet spot and go for it.

Finally, we'll move on to solutions at home. What can you do and where to start? 
How? When are your efforts good enough, how much do you need to change to 
live in a sustainable way? In this chapter, you'll find out. You can benchmark your 
personal top 10 against the average American's. You'll brainstorm for ways to 
improve, using the 'opportunities matrix'. You'll think about your goals. How far 
would you like to take it? Don't worry, I'll explain what I mean by all this. 

Now let's have some fun!

what we want
stuff, food, transport, home

what we do
farming, industry, freight, construction

consequences for the planet
damage to environment, climate, nature

consequences for us
damage to economy and health 
shortages, unrest and conflicts
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13. Think big...

Pathways to a green future
You can't build a green society in a day. That takes a lot of 
time and effort. We need vision and concrete plans for how 
to achieve a green future. This chapter helps create a vision 
and make plans. It contains lists of the things we can do, 
toolkits, if you like. But first, we need to know what a green 
future could look like and what to aim for. My dot on the 
horizon would be:

renewable circular and cleancircular, efficient and
largely vegetarian

starting points of an eco neutral society:

industryenergyfarming

This is how:
 » Circular and efficient agriculture, largely vegetarian, closed food system
 » Accelerated construction of infrastructure for renewable energy, stop the use 

of fossil fuels entirely before 2040 (the sooner the better)
 » Circular economy, smart design, recycling, sharing economy
 » Stop wasting food, energy and materials, optimize production and recycling 

processes
 » Stop toxic emissions in all sectors and clean up the mining industry
 » Protect life on land and below water, massive reforestation projects
 » True pricing, fair working conditions, put an end to poverty

towards an eco neutral society

circular efficient clean re-green fair

$

First, I'll share with you the visions of great thinkers. What are their pathways 
to a green future? Then I'll discuss the sustainability toolkits for government, 
industry and consumers.

it always seems 
impossible 

until it's done
NELSON MANDELA
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Thinkers of our time
Nobody knows exactly where we are going, but 
together we can invent a better future. We are 
pioneers, you and me, finding ways to do things 
differently. Visions help us focus and make our 
efforts more effective.

DOT ON THE HORIZON ACCORDING TO...
 » Jeffrey Sachs is an economist and advisor to 

the UN and the US government. He is working 
on plans for 'deep decarbonisation'. He uses 
the metaphor of 'pathways' to a fossil-free 
society. It is not one button to push, but it 
takes time and effort to make the necessary changes

 » According to writer Naomi Klein, climate change is not the real problem. She 
says it's capitalism. She's advocating a shift in the economic system

 » Architect Thomas Rau calls for preservation of materials. To achieve this, 
we need business models based on use instead of ownership. Mines keep 
ownership of mined materials. The company remains the owner of the goods 
and facilitates the use. Companies should pay the electricity bill. In this way, 
the consumer will rent 'light' rather than buying a lamp. The manufacturer 
turns a profit by producing stuff that will last as long as possible and benefits 
from low-energy products and the reuse of materials

 » Jan Rotmans, professor in Transition Studies, sees our 'cold' system tilt towards 
a more humane society; inspired, locally connected and sustainable

 » Karl-Henrik Robèrt of The Natural Step says sustainability goes hand in hand 
with a fair distribution of resources and wealth for everyone

 » Polly Higgins, lawyer, strives for a Universal Declaration of Planetary Rights, 
the 'hard law' to provide global governance and restoration for the planet

All of these visions are meaningful and inspiring to me. We don't have to choose 
one or the other. All of these visions together create an image of pathways to a 
green future, and it may give a glimpse of what that future might look like. 
Nice, isn't it?

we can't solve our 
problems with the same 

thinking we used 
when we created them

ALBERT EINSTEIN

Cooperation
Reforming a wasteful and polluting society into a sustainable and clean one 
in the extremely short time frame of 23 years is an unprecedented challenge. 
Something like this has never been done in the past, in terms of importance for 
mankind or in terms of scale. 

We saw on page 39 that the government can't manage this transition alone. And 
with Trump as your president, it is unlikely he'll even try. Consumers and business 
can't do it on their own, either. If consumers, businesses and governments work 
together, we might get things done in time.

consumer

business government

On the following pages I'll sketch an outline of the measures these parties can 
take if they want to achieve the transition to a sustainable society; measures 
with a positive impact. 
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Government 
The government can take the lead and encourage transitions in 'what we want' 
and 'what we do'. They can support both consumers and industry to become 
sustainable. 

ADDRESSING THE CAUSES
An overview of the most important principles to keep in mind:
 » Population growth in the developing world can be tempered by poverty 

reduction and education, especially education for women. This leads to a 
declining birth rate. Unfortunately, it turns out that it's very difficult to help the 
African continent, but nevertheless, we should try

 » Increase in prosperity can be wicked. Everyone is entitled to a humane way 
of life. It is good for the world economy and it is a condition for stability and 
peace. But perhaps the solution lies at the other side. Maybe we can try to 
strive for a wealth optimum instead of chasing an endless mountain of gold. 
Prosperity easily leads to over-consumption and high impact

 » Beating unsustainability begins with a different mentality, a culture where the 
standard is sustainable and where protecting the ecosystem is a top priority

VISION
Sustainability begins with a powerful long-term vision. If you're in a position to 
make a difference, think of these interventions:
 » Show leadership and take responsibility
 » Make sustainability a top priority
 » Set goals based on what is needed for the planet, not on the basis of (alleged) 

feasibility
 » Craft a comprehensive long-term vision and don't think in four-year plans
 » Inspire as many people around you as you possibly can to help you achieve 

your goals
 » Make policy with the impact chessboard in the back of your mind: pick the 

biggest impact categories, including hidden impacts. Don't just focus on 
energy and climate, but make a broad analysis of the situation and include all 
kinds of impacts. Make sure that you don't exclude any impacts

Tax incentives and subsidies, legislation, information, transparency and 
education are the instruments you can work with. You can exert pressure in the 
international arena on every one of these points. 

A few examples of measures that I think could work:

FINANCIAL FLOWS AND SUBSIDIES
 » Accelerate phasing out economic interests 

in fossil fuels
 » Shift the huge subsidies that go to the 

fossil industry to sustainable industry and 
research for sustainable solutions

 » True Pricing: the polluter pays

INFORMATION AND TRANSPARENCY
 » Highlight hidden and direct impacts on 

products with things like labels showing 
the impact of production, food packages 
showing where it was grown and how 
polluting that was or a biodiversity label

 » Inform the public about hidden impacts and 
show them the most effective solutions

 » Sustainability should be part of all 
education and all courses, ranging from 
primary school to university and from math 
to literature

LEGISLATION
 » Following lawyer Polly Higgins: establish the Universal Declaration of Planetary 

Rights and make inflicting damage to the ecosystem a criminal offense
 » Church and state are separated in a democracy. The modern business lobby 

has now more or less taken the place of the church. I suggest we also 
separate lobby and state. For example, there are 240 automotive industry 
lobbyists stopping progress in Brussels

 » Ban imports of products that harm the ecosystem. For example, don't 
only assess the chemicals in imported food, but also assess the impact of 
cultivation. Ditto for products and raw materials

 » Ships and air crafts in international territory are very polluting, because there's 
no legislation against them. This can be tackled with international agreements

 » Create policies against 'design for failure' (products are deliberately made in 
such a way that they break down quickly, so the company can sell more new 
products)

 » No more patents on seeds and crops

a hundred years from 
now, looking back, the 
only question that will 

appear important (...) is 
the question of whether 
or not we did anything 

to arrest climate change
THE ECONOMIST
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the greatest threat 
to our planet is the 

belief that someone 
else will save it

ROBERT SWAN, POLAR EXPLORER

Business
Are you in a position to determine the vision and strategy of your organization? 
Then these are things to consider:

Ask yourself what value your business has for society. 
Put the social value of your company before profit. 
The customer rewards companies that care.

How can you make your organization sustainable? 
It's not just in the fleet or the canteen, but also the 
primary process. Here's what you can do:
 » Develop sustainable business models. For example, 

break the link between profit and the number 
of products you sell. Sell the 'use' instead of the 
'thing'. By retaining ownership of the product and 
making use available, you'll benefit from products 
that last. That's sustainable!

 » Reduce hidden impact throughout the supply chain and look for sustainable 
alternatives. Demand sustainability labels from all suppliers in your supply 
chain, help them improve where you can. Be transparent about hidden 
impacts throughout the supply chain, discuss them in your shareholder reports 
and talk about them with your customers. Ask them to help you improve. 

 » Be alert about waste. That will save costs too. Can you incorporate recycling 
into your revenue model?

 » Seriously invest in R&D for sustainable innovation.
 » Relocate your investments from the fossil-fuel industry to the sustainable 

industry.
 » Pass on the costs of damage to the ecosystem to the retail price. It gives 

your company the financial incentive to operate sustainable and you will be 
prepared for future legislation.

 » Share best practices with other companies, learn from each other, be open.

TECHNOLOGY
A side note: can technology solve our problems? It's a widespread idea and it's 
an attractive one. Technology has brought us many great and beautiful things, 
but it has also brought us our current problems, often unintentionally. It is 
unlikely that these negative effects would suddenly cease to exist in the future. 
Technology and innovation can certainly help us move forward, but it will never 
be the only solution. The solution lies in all of us together. 

Consumer
THINK GREEN
We are so used to the way we look at our lives that it doesn't even cross our 
minds that there might be another way. Here are a few ideas to help you look at 
sustainability:

 » Sustainability is not a luxury, it's a bare necessity. Sustainability is the new 
benchmark, it's our starting point. Make it a top priority.

 » 'What we want': We live in a market-driven economy, based on profit and 
growth. We were taught that money makes us happy, but we don't know 
what to do with all our stuff. For example, my house is packed with stuff I 
don't really need. The abundance of food makes us fat. I always have to keep 
a check on what I eat. Over half of US citizens are obese. Well, that doesn't 
sound happy to me. Do products make you happy or do other things, like 
friendship, passion, talents and contributing to a greater good? Do you want 
to keep chasing stuff or do you believe there are other ways to make your life 
worthwhile?

 » What do you really need? What is your base-line and what is a luxury? Think 
about it, fill in the graphic. Perhaps you can do with less than you thought.

luxury
basics

 » Don't settle for visible impact and gut feeling. They are not the best advisors, 
as we've already seen. 

 » If you examine your own impact and look for solutions, think of it as a process 
of improving your lifestyle. It's not a one-off and there is no single solution. 
It involves just about everything we do, and that's not something you can 
change over night. How? Find out in the next chapter.
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14 ...act now

A sustainable lifestyle
There are a lot of things you can start with today. It's very easy. There are also 
things you can do right now that are more difficult. And there are things that 
we can't do yet, because we lack proper solutions. We can develop them, which 
is a challenge for government, science and industry. Or you could get creative 
yourself!

What we do matters, much more than we think, for these 
reasons:
 » Our impact is four times bigger than we think, so every 

improvement also makes four times as much difference.
 » Citizens of wealthy countries have ten times as much 

impact as people in poor countries. So on a global scale, 
sustainability in rich countries has way more effect than 
it does elsewhere in the world.

 » The impact of your lifestyle may seem modest per day, 
but over a longer period, it adds up to serious damage. 
Structural changes in your lifestyle do make a difference.

 » By living an eco-neutral life you can inspire people 
around you. All cultural shifts were started by a few inspired people.

First, I'll examine what you can do in different roles in your life, then I'll elaborate 
on your role as a consumer. To be more concrete about solutions, I've answered 
these questions: 
 » What has the most effect, where to start?
 » How much do I need to change to be sustainable? To what level?
 » How do I do that? 

The answers, together with the tools I've developed, will get you going. You can 
benchmark your efforts by comparing yourself to the average American, you can 
brainstorm ideas about how to improve and then choose what solutions you feel 
comfortable with and try them for a week to see if they work for you. If they do, 
you can embrace them. If they don't, you can look for alternatives.

save the earth, 
it's the only one 

with chocolate
UNKNOWN
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Sustainability in different roles
Your impact as a consumer is the central issue in this book. We'll take a closer 
look at what to do as a consumer in the rest of this chapter. But you're not just 
a consumer, you have all sorts of roles in your life. In all those roles you can 
contribute to a sustainable society. One role probably works better for you than 
another. Maybe you have more leverage at work than you do at your kids' school, 
so best get started in the role in which you have most influence. Here are a few 
examples:

WORK OR SCHOOL
Use your leverage at work. Talk to your colleagues, put the green transition on 
the agenda (page 174). Ask yourself whether you have the right job. Can you 
support the goals of the organization? Can you develop enough clout or can you 
make more of a difference in another job?

At school, you can strive for education on sustainability. It is important for young 
people in all types of education learn about sustainability, from young to old, 
from primary school to university.

SAVINGS AND PENSION
Divest from polluting enterprises. Put your savings and your retirement money 
in a green bank. This is important, because financial institutions have much 
leverage. 

POLITICS 
Vote for a political party that focuses on sustainability. Tell your politicians how 
important the environment is to you. Write them an e-mail or approach them on 
social media. You can also become active in politics yourself, see page 172 for 
ideas.

ENVIRONMENTAL ORGANIZATIONS 
Protect and add nature. You can support environmental organizations with 
money or as a volunteer. You can also get engaged yourself in greening up the 
neighborhood, at school and at work.

FRIENDS AND FAMILY
Inspire people around you. Talk about sustainability with your kids, parents, 
friends and relatives. Together you can think of new ideas and inspire each other.

YOU
What roles do you currently play? Where you can develop leverage? How can you 
make a difference? What suits you and what seems like fun to you? Add your 
ideas in the picture on the next page.

me
work or
school 

politics

environmental
organisations

family & 
friends

consumer

savings & 
pension
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What can I do? Do the big things first!
PENNY-WISE
Before I started this project, I didn't know the proportions of the impact related 
to my lifestyle. I wanted to know what the quick wins were. We can't afford 
to stick to the small wins and overlook the big picture. If you only ate organic 
vegetables and avoided packaging throughout the year (which is a good thing, 
please don't get me wrong), but then fly for the holidays, that just doesn't add 
up. Flying overshadows the other efforts. I think that's good to know.

WHERE DO YOU STAND? BENCHMARK YOURSELF!
It's time to tackle the big impacts. If you fill in your own top 10, you'll 
immediately see where to start. Compare your own habits to the average 
American's and find out roughly what your quick-wins are. Enter your values 
below and then draw them into the top 10* on the right page. 

Then you can brainstorm solutions in the categories with the most impact. More 
about that on page 185.

"YES, BABETTE, BUT WHAT DO I DO?"
Okay, briefly the main conclusions of Part 1: 
 » Stop wasting food, water, products and energy
 » Buy only what you need, preferably second-hand. Share, rent and lease
 » Develop sustainable eating patterns: flexitarian, vegetarian or even vegan, 

choose local and seasonal foods
 » Stop (or less) flying and driving
 » Choose a modestly sized house, insulate it well and install renewable energy 

sources
 » Be prepared to pay the True Price for things

*At VEGETABLE FOOD, FISH & DRINK: this item is difficult to estimate. An evening meal excluding meat 
is about 17.5oz. Here it's not so much the quantity of what you eat but rather the quality of what 
you eat and drink. For example, fish, coffee, chocolate and fresh strawberries in December have a 
greater impact than an extra potato on your plate. Overall, I can't help you very well here, but I hope 
to develop better tools in the future. In the meantime, you can estimate or look for extra information 
based on what you know now. 

Water, indication
(can’t add water to the 
other impacts with the 
ReCiPe-method)

fill in your own habits
and draw it in the chart

fill in your own habits here:

house of
2,100 ft2

6 oz
per day
(eaten)

12,000
mi/y

4,250
mi/y

(=return trip)

$4,000
per year
or $80 

per week

2.7 lb
per day*

8 minutes
per day

23 mi
per week

buy ±8 
pieces per

month

13 oz
per day

habits of the average american:

housingmeat car flyingstuff,
products

veggie food
fish & drink

hot water public
transport

dairy &
eggs

clothes
& textile
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How much? One planet!
ONE PLANET
You've mapped your own impact on the previous page. The next step is to find 
out how much you need to change to actually be sustainable. Americans live as 
if they have almost five planets. We only have one, that's it! Hey, that gives a 
feeling for the necessary reduction of impact, because as we saw, we need to 
stay within the carrying capacity of the planet. 

the average american lives as if we have  4.8 planets

level 1: sustainable

level 2: eco neutral

level 3: eco positive

impacts in your daily life

the planet’s 
carrying capacity

the planet’s 
carrying capacity

repair

repair

damage
=

damage
<

LEVEL 1: SUSTAINABLE
The first step is therefore to reduce your impact to fit within the carrying capacity 
of the planet. The average American should reduce their impact with about 80 
percent (wow!). If you've done that, you've reached level 1: sustainable. Aiming 
for a less ambitious reduction than the one planet goal is 'killing the planet 
softly'. It's simply not good enough (sorry ;-)). By the way, the Dutch should 
reduce their impact with about 75 percent, so our country is not much cleaner.

LEVEL 2: ECO NEUTRAL
You can go one step further and compensate the small impact that's left. You 
then reach level 2 'eco neutral'. Zero impact is impossible in our society, you will 
always keep a small impact, just because you exist. That's okay. You know the 
film No Impact Man? It is a nice movie about a family that attempts to have no 
impact for one year. Great experiment, but I don't think it is realistic. I can't do 
it, it gives me ecorexia just to try. I don't think it is necessary to strive for zero 
impact. If you would compensate your modest level 1 impact, that will do just 
fine. You could make compost, plant lots of trees, invest in renewable energy, 
or support environmental organizations, to name a few. With a small negative 
impact you can still live eco neutral by balancing it with positive impact.

the average american lives as if we have  4.8 planets

level 1: sustainable

level 2: eco neutral

level 3: eco positive

impacts in your daily life

the planet’s 
carrying capacity

the planet’s 
carrying capacity

repair

repair

damage
=

damage
<

LEVEL 3: ECO POSITIVE
If you would go all the way and make it your life's work to pursue a green 
society, you'd reach level 3 'eco positive'. You would add more positive impact 
to the ecosystem than you withdraw from it. You can contribute to protecting 
and rebuilding a strong ecosystem. The more leverage you have (for example, 
through your work or in politics), the easier it will be to reach level 3. 

'Eco positive' could also be an interesting concept for organizations. Striving for 
level 1 'sustainable' feels kind of like a restraint, at least to me it does. It holds 
you back from doing what you were used to. Level 2 'eco neutral' feels like 'doing 
the right thing', being a 'good person'. That is a moral thing which doesn't always 
attract me. But level 3 'eco positive' means looking at the world from another 
perspective. It gives room for new ideas and innovative business models. Level 3 
has commercial power, it is inspiring. What's more, it is a paradigm shift. Making 
money by saving the planet, how cool is that!
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How? Use the BOL matrix!
You can reduce your impact in three ways: choose Better 
alternatives, search for Other ways and sometimes a little Less is 
nice as well. Better, Other, Less: BOL. 

BETTER
Doing things 'better' means optimizing existing processes so you 
pollute less. There is much to gain by doing things better. For 
example, aviation and greenhouses have become more energy 
efficient in recent years. A fuel-efficient car is better than a big SUV.

Maybe you're already thinking: the impact only gets less but you don't take it 
away. It is not a system change. We can choose organic meat and a small car. 
That's better, but it is 'good'? 'Better' is a step towards 'good'. At the same time, 
it can delay looking for more thorough solutions. Better is useful, but it's not the 
end of the line.

OTHER WAYS
By 'other ways', I mean sustainable 
alternatives, and there are already 
a lot of those. Taking the (green 
powered) train instead of a plane, 
installing solar panels instead 
of using gray power and eating 
legumes instead of meat. 

Searching for other solutions leads 
to innovation and it could also 
mean reinventing an old solution. 

LESS
We are struggling with our weight. Nearly three-quarters of American men and 
more than 60% of women are obese or overweight. Our homes are packed with 
stuff. Self-help books to manage that 'stuff obesity' are bestsellers. And put that 
next to the two biggest impacts in our daily lives... 

Buying less and wasting less puts most grist to the mill for the ecosystem. But 
'less' isn't very sexy. Most of my co-readers even advised me to take it out. But I 
prefer to turn it around. I think we could be happier with 'less'. And the best part 
is that you can start buying 'less' today.

the most 
sustainable 

energy is 
saved energy

less

better

other ways

Cycling more and eating less is good for your body. Buying less stuff saves 
money and you don't have to work so hard. You life may become less stressful. 
It gives you more time to do the things you really love, the things that are most 
important to you.

I recently did an experiment. On my birthday, I asked people not to bring a 
present. Some liked it, because it saves the hassle. (If only my friends would 
adopt the habit ;-)). Others found it uncomfortable and brought me something 
anyway. Next year, I'm going to ask people to bring something to eat or drink 
instead. Then everybody's happy! 

LOOKING FOR SOLUTIONS WITH THE 'BOL OPPORTUNITIES MATRIX'
This matrix is a tool for brainstorming sustainable opportunities using BOL. You 
can use it for corporate brainstorming or just to fill in for yourself for fun. I filled it 
out using myself as an example. There's an empty one for you on the next page.

less

other

better

house‘stuff’, products food & drink mobility

mostly
vegetarian,

hummus instead
of cheese

 we save
leftovers for
the next day,
we eat from
small plates

I buy only what I
need, which is a

lot less than I
used to...

food & drinks
instead of presents

for my birthday

we buy mainly
fresh and local

food

Public
Transportation
and we cycle

we work close
to home,

no more flying

we sold our car,
now we do
car sharing
(Rick does, I
never use it)

second hand,
recycled,

energy label,
fair trade

renewable energy,
small house,

well insulated

we don’t have a
roof for solar panels,

so I bought a
share in a windmill

short showers,
lower our heating,
efficient cooking,

low-temp
washing, etc
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Towards an eco positive lifestyle
You now have a pretty good idea of your biggest impact categories and you know 
what you can do to improve. If you like, you can fill in the matrix below with 
ideas that fit your life.

First, you add your biggest impact categories to the top row. Then you put your 
ideas in the green squares. When you're done, circle what you would like to try 
for a week. If it works for you, continue doing it. If it doesn't, try something else. 
Don't forget to have fun with this!

less

other

better

your quick wins
how are you going to tackle your biggest impacts?

Think big, act now
You've explored how you can contribute to a 
sustainable society in different roles. You've 
mapped out your impact and you've made a 
plan to implement solutions. Now it's a just 
matter of starting and keeping it up. Going for 
an eco positive lifestyle can be an exciting ride. 
Experiment, stay curious and I wish you lots of fun 
during the process. 

I hope you've had as many eye-openers in reading 
this book as I've had in writing it, and I truly hope 
you're inspired to go out in search of more. 

Thanks for reading my book. Enjoy the ride!

Love you guys,  

the two most 
important days in 

your life are the day 
you are born and the 
day you find out why

MARK TWAIN
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In short
1. WHAT IS OUR IMPACT? 
Impact is hidden in the supply chain behind our daily lives, and not just one kind 
of impact but several. Our impact, including hidden impact, is four times as big 
as we think it is. People from the rich West have ten times 
more impact than people in the rest of the world. If we change 
our ways, it can make so much more difference than you'd 
think. 

We, as end-users, ultimately determine what companies and 
governments do, even if our influence feels limited. We make 
companies' existence possible by buying their products and we 
choose our politicians. If we don't want the transition to an eco 
positive society, they won't make the effort.

2. WHAT ARE THE CONSEQUENCES FOR THE PLANET AND FOR OURSELVES?
We are getting ourselves into trouble with our impact on the planet. A few 
decades from now, we'll need four Earths to support us, and we only have the 
one. At the moment, we aren't doing nearly enough to turn the tide. In fact, 
we're even going in the wrong direction. Our impact is like a snake biting its own 
tail: degradation of the ecosystem has profound implications for our own lives. It 
has an impact on the economy, our health, our food supply and even on shelter. 
All of that can easily lead to tension, war and mass migration. 

Our negative impact is bad for the economy, while eco positive ambitions create 
opportunities, creating space for innovation and new business models. 

3. HOW CAN WE FIX THIS?
A sustainable lifestyle begins with incorporating the entire impact chessboard. 
Don't just dwell on visible problems, but look for hidden impact as well. First, 
work on your biggest impact categories. You can improve by doing things better, 
finding other ways and using less. You can make a difference at home and in the 
supermarket, but you can also use your leverage at work, in politics or in other 
roles you play in your life.

It all starts with us wanting to make the change. If we really put our minds to it, 
together we can save the world!

improve 
yourself, begin 
with the world what we want

stuff, food, transport, home

what we do
better, different, less

consequences for the planet
healthy ecosystem
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