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Foreword 

Updating the Future

The Port of Rotterdam Authority has a tradition when it comes to making 

long-term plans. They are usually ‘limited’ to a time horizon of 15 to 20 years, 

because that is a period over which you can make reasonable predictions 

using the customary macro-economic models. A short time ago, we drew up 

the Port Vision 2030: a vision of what the port of Rotterdam should look like 

in 2030 and what was needed to achieve this.

But we are also curious about the future post 2030. The Port Authority aims 

to develop Rotterdam’s port and industrial complex in the interests of the 

economy. The main focus here is on medium and long-term developments, 

but it is also useful to have an idea of what might await us in the second half 

of this century.

The Club of Rome is one of the few organisations that works with calculation 

models which bring together the most important predictable factors for 

economic and social developments (such as population size, food production, 

the environment, availability of raw materials and energy) on a global scale 

for the very long term. The Port Authority therefore contacted the Club of 

Rome Climate Foundation to request IMSA Amsterdam to apply that model 

to the port of Rotterdam: what do the Club of Rome’s projections mean for 

the port of Rotterdam in terms of throughput and development in the period 

up to 2100? You can read the results of this study in this report. They speak 

for themselves.

The Port of Rotterdam Authority must focus on the short, medium and (very) 

long term. It must consider the interests of individual companies and of 

society. It must take local interests into account, but also look at the global 

effect of activities here. Most importantly, the Port Authority will develop the 

port complex within the margins dictated by society. 

The Port Authority recognises the need to set in motion a transition towards 

a more sustainable economy: less and more efficient use of raw materials, 

more renewable energy and closed loops. But this must be achievable (i.e. 

feasible) for businesses operating in a global economy. This means that the 

Port Authority must primarily focus on increasing efficiency in the port area 



(e.g. by developing energy infrastructure in order to make use of residual 

heat from industry), on the debate about international regulations to 

improve the appeal of sustainable production processes and energy 

generation (e.g. about the too low price of CO2 ) and on ways of making 

Rotterdam an attractive location for biochemical companies. All these 

actions are described in the Port Vision 2030 and are even more urgent  

in the light of this report.

Hans Smits
Chief Executive Officer, Port of Rotterdam Authority
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Executive summary

The Port of Rotterdam is on its way to become the European, world-class  

port by conducting its business operations in a sustainable and socially 

responsible way. Sustainability is one of the Port Authority’s five key values. 

The Port Authority recognises that the state of the world affects business 

and that the ability to respond adequately to current and future global 

challenges will make the difference between success and failure. Realising 

this sustainable ambition requires an understanding of what will be the key 

developments on the very long term. This report builds on the scenarios 

pioneered by the Club of Rome to aid the port in answering this question: 

what should the Port of Rotterdam do now in order to address the challenges 

and seize the opportunities of the coming century? 

Global systems analysis has been used to build three scenarios that assess 

the future in terms of Rotterdam’s throughput: standard+, technology,  

and integral (see Chapter 2 for a detailed description of these scenarios).  

The robust outcome of all scenarios is that continued economic growth 

based on growth in volume is not likely to occur. Long-term sustainable 

development therefore requires a shift from growth based on linear material 

transport chains to creating more added value with less materials.

A deeper inspection of the scenario outcomes illuminates the implications 

of the limits to growth for Rotterdam. Comparing the three scenarios with 

recent reports on energy, food and material resources confirms that the 

world is heading towards a pollution crisis. A track that leads to overshoot 

and collapse. Prolonged reliance on non-renewable resources can only be 

continued with increasing efforts and environmental costs to extract these 

materials. This diverts capital from required investments in agriculture and 

pollution prevention. In time, the planetary boundaries will be overstepped, 

to such a degree even that the capital required to solve the global crises can 

no longer be procured. The implications for the port and its surrounding area 

are far-reaching. Because of global interconnectedness, the port will suffer  

a dramatic loss in activities after 2040, when global industrial output is 

impacted, even if western societies manage to adapt to the effects of climate 

change, biodiversity loss and other environmental risks. 

Only when technological efforts in all areas are massively increased,  

a scenario can be found where the world population stabilises and the 

ecological footprint does not exceed natural boundaries. The capital that is 

needed for this unprecedented endeavour will be at the expense of industrial 

output. The result of this technology scenario is a world that is stable but 

poorer. Consequently, the Port of Rotterdam sees its throughput reduced, 

albeit at a slower rate than in the standard+ scenario. 
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And only when technological advances are combined with significant social 

change a scenario is found where human well-being is maintained and 

industrial output per capita remains at a constant level. This integral 

scenario addresses both supply and demand. It is the only scenario where 

throughput for the Port of Rotterdam stabilises in the long term.

What these scenarios show is that incorporating efficiency in all areas is key 

to keeping manoeuvring space in an increasingly constrained world system. 

Accelerating efficiency in all of the discussed areas means more options and 

choices in how to make transport and industrial systems more sustainable. 

What the scenarios also show is that this can be achieved with existing 

technologies: a decoupling of wealth from non-renewable resources is 

possible in the energy system, agriculture and industry. It will require a rapid 

phasing out of all resource-intensive activities that contribute to the global 

pollution crisis. For Rotterdam this presents major challenges as both the 

industrial cluster and the global hub are still firmly rooted in a fossil-based 

system.

The Port of Rotterdam will need to fundamentally change its business if it  

is to maintain its position as a motor for Dutch prosperity in the long run. 

On the topics of energy, biomass and material resources, the port is already 

taking steps. The changes that these steps can bring, however, are either too 

small or are not implemented fast enough to meet the global challenges that 

have been illustrated by the scenarios from Limits to Growth.

Apart from avoiding negative consequences, it is also possible to look at the 

required change as a monumental opportunity to be at the front of the next 

economical wave. The future of business is in enterprises that respect the 

planetary boundaries. Currently, systems and institutions block or hinder the 

transition to a more sustainable economy. These systemic barriers can only 

be taken down by collective efforts. To do so, a first step is to understand the 

parameters on which a sustainable economy can be steered. Compared to 

financial accounting, economic valuation of the physical world is still in its 

infancy. And although it is generally understood that GDP is an imperfect 

measure for prosperity, it remains the single beacon for all nations to steer 

their economies.

Vested interests are another important factor hindering rapid 

implementation of the changes that are needed. To include and engage  

the companies and stakeholders that are likely to lose most in the transition 

to a sustainable society, predictable implementation paths need to be 

devised. At the same time, measures need to be flexible enough to adapt  

to evolving scientific insights, and active monitoring is required to stay 

informed of the latest global developments.
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The Port of Rotterdam has the courage and leadership to step up to the 

challenges of the 21st century. The ideas and technologies are largely in 

place to realise its ambition to become a sustainable port, but it cannot 

realise the required acceleration in splendid isolation. Updating the future 

demands a joint effort of all its partners in industry, government and 

science.

The port and its partners will need to take action at both the international 

and the regional level. In the international or European bodies they need to 

advocate the strongest possible measures to curb environmental impacts.  

To benefit from a tighter environmental regime and capitalize on the 

opportunities, the port and its partners will have to take local measures  

to become the leading sustainable port. 

More specifically, in European and international bodies we recommend that 

the port and its partners take the following steps.

•	 Insist on taking the externalities of the energy system into account. This 

means advocating a price for carbon that is high enough to stimulate energy 

efficiency and investment in renewable energy; promoting strict air quality 

rules for transport and industry; and making sure that all relevant 

sustainability criteria are applied for bioenergy.

•	 Encourage an incentive structure that is designed in such a way that  

the use of biomass is cascaded from highest to lowest value when strict 

sustainability criteria are applied.

•	 Promote the inclusion of the true costs of resource use, pollution and waste 

in the price of resources, e.g. by a shift of taxation from labour to resources.

On a more regional level we recommend the following steps for both the port 

and its partners.

•	 Insist on meeting the targets of the Rotterdam Climate initiative, but review 

the implementation.

•	 Develop a Sustainable Biomass Roadmap for Rotterdam with the following 

ingredients: an adaptive strategy for bio-energy incorporating the latest 

insights on sustainability issues, and goals that relate non-food biomass use 

to the yields that can be achieved with genuinely sustainable agricultural 

methods.

•	 Put together a platform where creative answers to the challenges relating  

to the circular economy can be tackled. The results need to be monitored 

through integrated reporting of financial, social and ecological performance 

of business, including placing a monetary value on the environmental 

impact.
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Chapter 1
The limits to growth and 
the Port of Rotterdam

The Port of Rotterdam is working to become the European, world-class  

port by conducting its business operations in a sustainable and socially 

responsible way. Sustainability is even one of the Port Authority’s five key 

values. To realise this ambition requires an exploration into what it means to 

be sustainable on the very long term. In this report we build on the scenarios 

pioneered by the Club of Rome to aid the port in answering this question: 

what should the Port of Rotterdam do now in order to address the challenges 

and seize the opportunities of the coming century? 

Section I provides the background to this question. It introduces how the 

systems analysis of Limits to Growth can be applied to construct meaningful 

scenarios for the Port of Rotterdam. In Section II we put these scenarios into 

perspective: we elaborate on the global and regional implications and on the 

implications for the Port of Rotterdam specifically. Finally Section III gives 

recommendations and underpins the need to step up to the challenges that 

lie ahead.

1.1 	 Introduction	Port	of	Rotterdam	

The Port of Rotterdam is one of the most important junctions for the trade  

of goods in the world, an international logistics hub and the most important 

gateway to Europe for more than 500 million consumers. The port’s 

industrial cluster is of global stature: it is the largest industrial cluster in 

northwest Europe. The port contributes significantly to the national economy 

with a total added value that represents approximately 3.3% of the 

Netherlands’ gross national product. Directly and indirectly the port provides 

for 145,000 jobs. 

The economic importance of the port to date is based on increasing material 

and energy flows. Throughput has increased significantly in the last decade: 

it rose from 320 million tonnes in 2000 to about 442 million tonnes of goods 

in 2012. Fossil fuels provide a constant basis underlying Rotterdam’s growth. 

More than half of the throughput today is based on oil and oil products, as 

illustrated in figure 1.1. At the same time this historical overview highlights 

the spectacular growth in container transport.
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1.1 Port of Rotterdam growth between 1975 and 2011
Data source: PoR (2012) Port Statistics

Figure
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The development of Maasvlakte 2 means that an even further growth in 

throughput and industrial activity is possible. Maasvlakte 2 is expected to be 

fully operational in 2033, expanding the industrial area with 1000 hectares, 

making the port area 12,000 hectares in total. The port’s long-term vision, 

Port Vision 2030, describes four scenarios until 2030. In every scenario growth 

in throughput is expected, mainly due to continuous growth in liquid bulk 
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and containers.1 At the same time, the long-term vision outlines Rotterdam’s 

ambition to be Europe’s most important port and industrial complex and to 

be leading in efficiency and sustainability. With such high ambitions it is 

necessary to prepare for the global challenges that will have an impact on 

the port’s future. What can be expected with regard to energy, non-renewable 

resources, food, waste and pollution?

The objective of the present study is to look beyond 2030, and consider the 

implications of these global challenges for the Port of Rotterdam. The World3 

model that was used by the Club of Rome in its Limits to Growth report is 

used as a tool to explore different futures. Can Rotterdam maintain its 

position with a strategy that is based on increasing material and energy 

flows? And does a business strategy based on this growth principle offer  

the best opportunities for the future? Reflecting on these questions creates 

an opportunity to rethink the prevailing business models and identify the 

adjustments needed to create robust new businesses, changing from growth 

to development. 

1.2 	 Introduction	Limits to Growth

In 1972 the Club of Rome published the famous Limits to Growth report,  

a systems analysis of the world. The conclusions – unchecked economic  

and population growth in a world constrained by resources and the capacity 

to regenerate from pollution will lead to overshoot and collapse – shocked 

the world. In 2004 the main findings were reconfirmed in Limits to Growth:  

The 30-Year Update.

The Limits to Growth study uses the World3 simulation model to explore 

developments on a global level for an unprecedented time scale, from  

1900-2100. World3 is a system dynamics model, using causal relations to 

explore trends in chosen variables. The model simulates the interactions of 

five global subsystems, namely population, food production, industrial 

production, pollution and use of non-renewable natural resources.

1  The scenarios described in the long-term vision take economic growth, oil price and environmental 
policies into account. The Low Growth scenario assumes low economic growth and a low oil price, 
combined with moderate environmental policies. The European Trend scenario assumes a continua-
tion of current policies and a moderate economic growth. The Global Economy scenario combines low 
oil prices with continuous globalisation and moderate environmental policies, resulting in high 
economic growth. The fourth scenario, High Oil Price, assumes very strict environmental policies, a 
high oil price, moderate economic growth and rapid responses from industry and logistics in 
becoming more sustainable.
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World3 is a biophysical model, which means it emphasises the physical 

economy, not the money economy. It describes the dynamics of the world in 

terms of stocks, and uses empirical relations based on historical trends to 

describe the rates at which these change. Figure 1.2 shows a selection of the 

causal relations in the system.

Cultivated
land

Non-
renewable 
resources

Efficiency
 of capital

Industrial
capital

Invest-
ments

Industrial
output

Mortality

Food 
per 

person

Food

Agri-
cultural
inputs

PollutionPopulation

Simplified scheme of the World3 model

identifying important causal relation: red lines indicate negative correlations; 

green lines indicate positive correlations. The sign within a loop indicates 

whether this is a reinforcing (positive feedback) loop        

or that it is a balancing (negative feedback) loop

Figure 1.2



Definition of variables used in this report’s systems analysisTable 1.1
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Population
The number of people in the world. Growth is expected with increasing 
life expectancy due to better health services and more food per person. 
The number of people will be limited as a consequence of higher welfare 
(birth control), but can collapse if food supplies fall short or when 
pollution deteriorates living conditions.

Food
The agricultural production. Output depends on fertile soil and 
agricultural inputs like water and nutrients. To improve yields, increasing 
amounts of agricultural capital are needed. Yields are negatively 
influenced by pollution. Ultimately limited by the amount of arable land. 

Non-renewable resources
All materials that are non-renewable on a human time scale. This 
includes metals, nutrients (e.g. phosphate), sand, rock, doping agents (e.g. 
rare earths), fossil fuels (coal, oil and natural gas) and nuclear fission 
elements (uranium). Depletion of resources occurs as more and more 
industrial capital and energy are needed for the same production. 

Industrial capital
The ‘real things’ in the economy that rely on non-renewable resources. 
Industrial capital (steel mills, tools, factories) can be used for resource 
extraction capital (e.g. mines, oil wells), agricultural capital (irrigation 
systems, tractors) and service capital (schools, hospitals).

Pollution
The introduction of persistent contaminants into the environment causes 
instability, disorder, harm or discomfort to the ecosystem and directly or 
indirectly shortens the human life expectancy. It is generated as a result 
of industrial and agricultural activities. This pollution accumulates in the 
biosphere and causes delayed, long-term effects. Pollution in this report is 
used in a wide sense of the word and includes toxic substances, 
greenhouse gases and nuclear waste. 
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1.3 	 Limits	to	scenarios

It is important to realise that the scenarios that can be calculated with this 

model deal with global averages. For a given variable, say industrial output, 

large differences are possible between different regions. This report 

translates these scenarios to the more regional context that is relevant for 

the Port of Rotterdam. The scenarios furthermore provide high-level answers 

to what-if questions that can be used to test what parameters influence a 

more sustainable outcome, e.g. what if technology advances more quickly 

than historically? It cannot provide definite answers to the optimal 

incentives to implement these changes. These depend also on governance 

(priorities, corruption), ideology (capitalism, socialism) and the financial 

system (vested interests, stranded assets, pricing externalities).

Scenarios are always limited by our current understanding and are by 

necessity a simplification of the world. They are to be used as a strategic tool 

to prepare for possible futures. Because of how scenarios are calculated, 

transitions appear smooth. History however shows that system changes can 

be much more sudden and disruptive: more like systemic shocks. For example, 

nobody envisaged how communist Russia would collapse within a few years 

due to internal weaknesses. The World3 scenarios do not capture such 

game-changing events. Preparing for the future, we therefore also included 

in this report a brief discussion on the potential impact of tipping points or, 

what we call, disruptive accelerations.2 

2  A tipping point is the (sudden) change from one stable state to another stable state. The tipping event 
may be irreversible. After the tipping point has been passed, a transition to a new state occurs. If some 
event or policy helps catalyse such a systems change, we call these events disruptive accelerations.
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Chapter 2
Description of scenarios

In Limits to Growth: The 30-Year Update nine scenarios were developed,  

which identify crucial drivers to create a sustainable world. That is to say,  

a world with a stable population with on average sufficient food and goods 

per person. In such a world the human ecological footprint stays within 

planetary boundaries. This report will analyse three of these scenarios to 

identify potential drivers for change.

Scenario 1: Standard+ 
A business-as-usual scenario with abundant non-renewable resources, i.e. 

the ultimately recoverable resource base is doubled compared to the 1972 

standard run of Limits to Growth. 

Scenario 2: Technology
A scenario where more powerful technological improvements are 

incorporated.

Scenario 3: Integral
A scenario that implements the same technological improvements as 

scenario 2. In addition it assumes a decrease in material demand brought 

about by behavioural change.
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2.1 	 Scenario	1:	Standard+

Scenario 1 simulates the behaviour of the world as it is now, with no 

revolutionary new technical or policy changes. The output of industrial goods 

and social services increases in response to the needs of a growing and 

increasingly affluent population. There is no effort beyond what makes 

direct economic sense to abate pollution, protect land or conserve resources. 

Two important feedbacks restrict this system from infinite growth: the 

availability of capital (see table 1.1 for definition) and the accumulation of 

pollution.

This scenario assumes a large resource base: twice that of the original  

1972 standard run. With double resources, it takes to 2040 before half of the 

ultimately recoverable resources are depleted. Consequently the population 

continues to grow in the first half of the century, reaching a peak of 8 billion 

people. This growth leads to higher levels of industrial output causing 

pollution to grow immensely. The pollution negatively affects land fertility, 

which leads to losses in food production. Increased investments in the 

agricultural sector can no longer compensate these losses as the necessary 

resources become harder to extract. Death rates rise, while industrial output 

drops due to lack of reinvestment. Events that occur post-2040 are calculated 

in this scenario, but need to be interpreted with caution: when a point of 

collapse is reached it is unlikely that social structures will remain the same. 

This standard+ scenario portrays a ‘global pollution crisis’. Overshoot and 

collapse are a result of global persistent pollution. The kind of pollution that 

is most closely following this scenario is the emission of greenhouse gasses 

(see climate change box), but it should be realised that the outcome of  

the standard+ scenario is quite general. Continuous growth in material 

consumption leads to an overshoot of the carrying capacity of the Earth and 

degrades the resource base, after which population collapses. The underlying 

cause for this model behaviour lies in the fact that there is only one  

planet: growth on a finite world will be inherently limited. Next to climate 

change, there are planetary limits to biodiversity loss, ocean acidification, 

stratospheric ozone depletion, the nitrogen and phosphorous cycles, global 

freshwater use, change in land use, atmospheric aerosol loading and 

chemical pollution. 



20 updating the future

Climate change

The Earth’s climate has never been stable, but human-induced climate change  
is exceptional since it occurs unprecedentedly fast, making it difficult for nature 
and for humans to adapt to it. In many areas a negative influence on human 
wellbeing and on food production can already be observed: for crops in warm 
regions a rise of one degree may be enough to impair growth, and extreme 
weather is ruining harvest via storms, droughts, floods and fires. Ocean 
acidification by excess CO², sometimes called the ‘evil twin sister’ of global 
warming, threatens marine ecosystems, as calcareous plankton species at  
the base of the food pyramid are affected. 

At the moment, the average global warming amounts to 0.8 degrees since 1900. 
However, emissions do not result in immediate warming: there is a lag-time of 
about 40 years, due to the oceans taking up heat. Therefore, the warming we see 
now is the result of emissions up to the 1960s, and there is still some 0.6 degrees 
warming ‘in the pipeline’ as a reaction on CO² emitted in the past four decades. 
Recent data show that climate change projections by the IPCC in 2007 were too 
conservative and the World Bank and the International Energy Agency (IEA)  
have recently forecast a worldwide warming of four to even six degrees between 
2050 and 2100 unless measures are taken. Four or more degrees global warming 
would turn large parts of the planet uninhabitable for people. On a hotter  
planet global risks increase and will result in ecosystem state shifts, water 
shortages, famine, diseases and social turmoil. The aim of international political 
negotiations is therefore to keep global warming below a two-degrees limit. 
Although this amount of warming will already have some negative consequences, 
more disrupting effects are thought to occur above two degrees.

To bring the world on a two-degree trajectory requires large-scale efforts to curb 
the increase of CO² emissions: by 2050 emissions need to have dropped by 80%. 
Because of the delays in the climate system and the lifetime of the current 
fossil-based infrastructure, according to the IEA there is as little as five years 
from now to implement the required measures.

A complicating factor in tackling climate change is that all economic sectors are 
involved: the main cause, burning fossil fuels for energy, is interwoven with the 
entire economy. The driving forces behind global warming are interconnected in 
many ways with environmental, social and institutional changes. Solving the 
climate problem will therefore be no less than a paradigm change for all sectors 
of society.
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2.2 	 Scenario	2:	Technology

The analysis of the standard+ scenario gives several clues for avoiding the 

overshoot and collapse outcome. In scenario 2, the model parameters are 

altered in a way to reflect increased technological developments in resource 

extraction, pollution control, resource efficiency, land erosion protection and 

food production improvements. The technology scenario assumes that these 

powerful technologies are developed all at once within 20 years. To do so 

capital investments are diverted from industrial output, to simulate that 

technology comes at a cost. 

This scenario leads to a fairly large stable population, living fairly 

prosperous, reaching a maximum around 2050. The industrial production in 

this scenario initially grows, and then declines in the middle of the century 

due to a lack of sufficient investments to facilitate growth in food and 

industrial production, and finally stabilises at a lower level. In summary, the 

technology run results in a stable, but poorer world. In the context of World3, 

‘poor’ means that the average level of consumer goods per person in 2100  

has returned to the level of pre-2000.

2.3 	 Scenario	3:	Integral

In this scenario the world recognises the threats of global challenges and 

cooperates in all areas to prevent catastrophic events. This implies that next 

to all technological measures of scenario 2, the integral scenario simulates  

a world that deliberately seeks a stable population and a stable industrial 

output per person. The model world realises this through birth control and  

a cap on industrial output. More generally, the integral scenario improves 

production effectiveness through technology while at the same time 

addresses the demand side of the economy.

Because demand for goods is lower in this integral scenario, less capital 

needs to be diverted to abate pollution, conserve resources and increase  

food production. The result is a stable population at a constant and higher 

welfare level.
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Recognition of the need for change

Signals that a paradigm shift is needed are increasingly heard. Recently, the 
Rio+20 Corporate Sustainability Forum3 underlined the disturbing nature of the 
global trends and challenges and emphasized the importance of business in 
addressing them, complementary to, and reinforcing government actions. 
Solutions that were discussed included scaling up responsible business practices 
and stimulating broader collaboration between companies, governments, civil 
society and the United Nations (Global Compact, 2012).

Several companies have already embraced a circular economy approach: 
multinationals such as DSM, AkzoNobel and Philips as well as smaller 
innovative companies such as Desso, Aveda and Backhausen. Some regions  
have also made big steps in sustainability, such as the Danish Samsø island:  
this carbon-neutral settlement of 4,200 people provides for their energy using 
wind-generated electricity and biomass-based district heating. 

3   The Corporate Sustainability Forum convened over 2,700 participants from business, civil society, 
government, academia and the UN.
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Chapter 3
Linking the World3 
model to the  
Port of Rotterdam

In order to translate World3 scenarios to port statistics, we assume that the 

throughput of Rotterdam, measured in tonnes, is linked with the world 

industrial output and the population of Europe.4 The latter is used as a proxy 

for the hinterland connection. We found a good fit, and thus were able to run 

the World3 scenarios with Port of Rotterdam throughput included. Finally,  

for all scenarios the autonomous effect on throughput due to the addition of 

Maasvlakte 2 was included. In other words: Rotterdam follows global trends 

and no new kind of activities and functions are developed other than the 

realisation of Maasvlakte 2. Figure 3.1 shows these input variables together 

with the resulting scenario outcomes for the Port.

4  For this purpose world population was regionalised for the various scenarios. These were built from 
UN population scenarios. The following prospects for growth of the European population were used: 
standard+ scenario: medium for 2010-2050 and low for 2050-2100; technology scenario: medium for 
2010-2100; integral scenario: low for 2010-2100.
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Within the World3 model we linked global industrial output (top left) and  

the European population (top right) to the historic throughput of the Port of 

Rotterdam for three scenarios (see text). Thus, the World3 scenario outcomes 

were expressed in terms of throughput (bottom graph). The asterisk 

indicates an additional autonomous growth that was added between 2014 

and 2035 to take the pull effect due to Maasvlakte 2 into account. Data 

sources: CBS (historical throughput Rotterdam), UN (European population 

scenarios).

In scenario 1, throughput in the Port of Rotterdam will grow at a rate that is 

roughly comparable to the Rotterdam ‘Global Economy’ scenario in the Port 

Vision. After 2035 throughput declines as the European population decreases 

due to ageing and a declining birth rate, and global population is decreasing 
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due to food shortages. Industrial activity follows population developments, 

resulting in a declining industrial production and associated transport.

In scenario 2, the Port of Rotterdam throughput will first increase and then 

decrease due to a stabilising global population, a decreasing European 

population and decreasing industrial production. The latter is caused by  

the diversion of capital from industrial output to mitigation and adaptation 

measures to control the planetary ecological footprint and resource 

decoupling.

In scenario 3, the Port of Rotterdam will grow due to the increased activity 

that results from Maasvlakte 2. After this throughput stabilises global 

industrial production has reached a plateau. This trend corresponds roughly 

to the high oil price scenario in the Ports’ long-term vision. 

The robust outcome of all three scenarios is that long-term, continued 

growth based on growth in volume is not likely to occur. A possible strategy 

for long-term sustainable growth therefore is to shift from growth based on 

linear material transport chains to creating more added value with less 

materials. What this means and what needs to be done will be explored in 

the next two sections of this report. 
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Chapter 4
Introduction to  
global risks

The growth of the world population has increased global risks and has  

made the interlinked nature of these risks more apparent. For instance, 

there is a growing shortage of fresh water, in some areas already leading to 

competition between different types of use (drinking water, agriculture, 

energy, industry and nature). This can cause social unrest and will increase 

the risks of regional conflicts. Demand for biofuels, speculation with food, 

and growing uncertainty about harvests together cause price fluctuations  

of food and steadily climbing price levels. These higher prices erode real 

income most for the low-income families. As a result of food production and 

other human activities, biodiversity is decreasing worldwide, and according 

to Rockström5 the world has already crossed the ‘planetary boundary’ on 

this issue, putting ecosystem services at risk. This on its turn can have an 

influence on water, food production and climate.

Climate change is a risk that has the potential to amplify many of the above-

mentioned risks (see Section I). It is surrounded by intensive, international 

discussions. That is less the case with other issues such as biodiversity loss, 

plastic litter in the oceans, and ocean acidification, even though they too 

have global implications. Thus, our knowledge of these issues is less well 

developed.6 For example, the ecological impact of the combination of many 

different pollutants in soil and water is relatively poorly understood. 

These global risks are now recognised by many different organisations, from 

the UN to NGOs, governments, and business. KPMG for example published 

the report ‘Expect the Unexpected’, in which they emphasise the importance 

5  In 2009 Johan Rockström and his team developed the Planetary Boundaries Framework. They identified 
nine ‘planetary life support systems’ such as climate and biodiversity, and the boundaries within 
which humanity should stay in order to reach sustainable development. They then quantified how far 
we have already approached these boundaries.

6  This will chance in the near future: the UN recently installed the Intergovernmental Platform on 
Biodiversity & Ecosystem services (IPBES), which will have the same function for biodiversity as the 
IPCC has for climate change: ‘IPBES will be an interface between the scientific community and policy-
makers that aims at building capacity for and strengthen the use of science in policymaking.’  
(www.ipbes.net)
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of the energy-water-food-climate ‘nexus’ – the fact that these four topics are 

strongly interconnected. This is also stressed by the World Economic Forum 

and Shell.

And there are more global risks. For example, increased transport of people 

and goods around the world has increased the chance of a pandemic disease 

outbreak. In this report however, we will focus on energy, biomass and material 

resources, because these relate to the core business of the Port of Rotterdam. 

Out of these three topics, knowledge on energy systems is best developed in 

terms of scenarios. Studies on world biomass production and material use, 

in contrast, largely lack sophisticated scenarios dealing with the world as a 

whole, and do not often include variations in the other main global variables. 

We nevertheless were able to paint consistent and qualitative scenarios with 

enough details for the purpose of this report: to describe long-term 

implications for the Port of Rotterdam.
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Chapter 5
The energy crisis

According to Thomas Friedman’s Hot, Flat and Crowded we live in the  

Energy-Climate year 13. The cheap and abundant energy supply from fossil 

resources that has powered welfare growth in so many parts of the world 

now threatens to disrupt the Earth’s climate system in an unprecedented 

way. At the same time, resource depletion – especially when thinking of a 

time span of a hundred years – has reappeared on the agenda in new and 

unexpected forms. The combination of energy and climate crises will no 

doubt shape the 21st century. In order to understand the complexity and 

magnitude of the challenges this poses, we take a system perspective on  

the energy crisis.

We take the description of non-renewable energy sources from Limits to 

Growth as a starting point. Then, we explore in more depth the latest insight 

in the limits imposed by the availability of energy resources and discuss the 

limits imposed by the carrying capacity of Earth’s biosphere as outlined by 

the standard+ scenario. We indicate what solutions on a systems level are 

possible and discuss these in terms of a technology and integral scenario. 

5.1 	 Systems	analysis

Some believe that Limits to Growth predicted the oil crisis in 1973. In reality 

the World3 model does not explicitly take the energy system into account. 

Non-renewable energy resources – coal, oil and gas – are lumped together 

with sixteen other non-renewable materials, primarily metals. 

Non-renewable resources share a number of characteristics that justify this 

simplification for the purpose of describing a world system. However, since 

burning fossil fuels is posing one of the most urgent environmental threats, 

i.e. global warming, and since it is of special importance for the Port of 

Rotterdam, we deal with energy resources separately in this section and 

return to the material resources in chapter 7.
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The main difference between energy resources and material resources is 

that the latter can be recycled, whereas the energy content of fossil fuels can 

only be used once. This linear chain for fossil fuels is shown in Figure 5.1 and 

furthermore highlights the role of industrial capital (machines, plants) in 

every step. As population and wealth grow, the demand for oil, natural gas 

and coal grows with it. The capital costs of obtaining these energy resources 

increases as their accessibility deteriorates. We have to dig deeper, harder 

and farther for the same amount of energy. Advances in technology may 

temporarily offset the tendency towards rising costs but, with the 

assumption of a finite resource supply, costs must ultimately rise as the 

stock of resources nears depletion.7

This not only depletes oil, gas, coal and uranium, it also increasingly puts a 

strain on capital for exploration (e.g. drilling platforms), production (e.g. 

refineries) and combustion (e.g. power plants). This diverts capital away from 

7  If it is assumed that future energy sources will be made available through energy sources such as 
breeder-style nuclear fission, nuclear fusion or methane hydrates, then for all intents and purposes 
the non-renewable resource base becomes unlimited. Similarly, if it is assumed that renewable energy 
sources such as solar energy are developed to replace non-renewable sources, then this is broadly 
equivalent in the World3 model to an unlimited non-renewable resource base. The World3 scenarios 
that incorporate unlimited resources show that limits to growth are consequently reached in other 
sectors of the world system. 
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other uses such as food production and building materials that also face 

increasing demands. 

The use of fossil fuels has environmental impacts as well. For instance on 

local air and water quality. Globally, the most important impact is caused  

by the release of greenhouse gasses through the combustion of fossil fuels. 

When atmospheric CO² levels are used as a measure of persistent pollution, 

a reasonably good agreement with the standard+ scenario is found. 

Extrapolated within the World3 model, these trends lead to overshoot and 

collapse.

Renewable energy resources offer a possible way out of this undesirable 

outcome, but care should be taken not to equate renewable with sustainable: 

again the entire world system needs to be considered. Take for example the 

use of biomass for energy: it is very well possible to use this renewable 

resource in such a way that CO² emissions are strongly reduced compared  

to fossil fuel use. However, to fully assess this, the effects of (indirect) 

land-use changes should be taken into account. In order to use biomass in  

a sustainable way, care should be taken not to overstretch the limits that  

are imposed by the amount and availability of land and water (see also 

chapter 6) and the demand for food. 

5.2 	 Global	energy	scenarios	

Availability at all costs?
Since the industrial revolution, global energy use has grown almost four 

times faster than the population. Still, significant parts of the world have  

no access to modern energy supplies. As these people are catching up, the 

global energy demand can only increase. The absolute demand in 2100 is 

impossible and perhaps meaningless to predict. A typical baseline scenario 

would show that global energy use could roughly triple over the course of 

this century.8 This means that in the coming century, the total primary 

energy demand will approximately be more than five times all the energy  

we have used since the beginning of the industrial revolution (see Figure 5.2). 

Satisfying this energy demand with – mainly – unabated coal, gas and oil  

will put the climate system on a trajectory of more than 3° C temperature 

increase.9 Such a scenario implies that an increasing fraction of capital will 

8  Here, and in the rest of the chapter we build on the scenarios developed in the Global Energy 
Assessment, IIASA (2012). 

9  The IPPC (2007) estimate from the A2 scenario gives a global warming range of 2-5.4 degrees with an 
average of 3.4 degrees.



33updating the future

have to be allocated for adaptation to the consequences of global warming. 

The World3 model suggests that for a large part of the global population,  

this option will be out of reach – on average global welfare collapses. 

The most recent estimates of the global resource base for fossil fuels show 

that theoretically there is sufficient coal, oil and gas to meet the growing 

energy demand (see Figure 5.2). For some resources, however, the world is 

reaching the point where half of the resource base has been used. This is 

most pressingly the case for conventional oil. Although predictions vary 

considerably on the exact timing, we can be relatively sure that ‘peak-oil’ 

will occur early in this century for conventional oil production. From then, 

oil production will be struggling to keep up with demand, leading to price 

shocks that will be felt in virtually all sectors. Figure 5.2 suggests that a 

switch to other energy resources – substitution – is the answer. Indeed 

conversions like coal gasification or gas-to-liquids is possible, but these 

come at an energy cost that actually accelerates resource depletion.

  

Usage, availability and projected demand of energy resources
Data: BGR (2012), BP (2012), PBL-HYDE

Figure 5.2
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When prices for fossil fuels are high, production of the more difficult – often 

dubbed unconventional – resources will be economically feasible. Oil and  

gas companies have in the last decade improved technologies to produce 

shale gas and oil from tar sands and are moving towards shale oil and arctic 

oil in the near future. A trend where unconventional becomes conventional 

is also considered attractive from a geopolitical perspective. Unconventional 

resources, however, have a higher environmental impact than their 

conventional counterparts. More energy needs to be invested for the same 

energy output. Besides impacts related to the generally higher energy inputs, 

marginal fossil resources typically need more water, use more toxic 

chemicals during production, produce more waste and require larger areas. 

5.3 	 System	solutions	to	reduce	fossil	fuel	use

Compared to other pollution issues, moving away from fossil fuels and 

cutting global emissions on a significant level is extremely difficult, since 

there is hardly one economic sector that is not locked in to the current fossil 

energy system. The industrial, transport, agricultural and financial sectors 

have all been built on fossil fuels. This has led to an extensive physical 

infrastructure (roads, pipelines, etc.) that is further anchored by rules, 

regulations and institutions. For new technologies this set of arrangements 

is not available. Developing an alternative for the standard+ scenario 

therefore truly requires a systemic change.

Within the context of World3, a scenario with increased technology  

(scenario 2, ‘technology scenario’) allows population and industrial output  

to grow, until the amount of available food becomes a constraining factor.10 

For energy resources this translates to energy efficiency, the use of renewable 

energy sources and the use of pollution prevention technologies such as 

filters, catalysts or carbon capture and storage. In an integral set of policies 

(scenario 3, ‘integral scenario’), technology measures from scenario 2 are 

taken in addition to social policies achieving changes in people’s values.  

For energy that means conservation through e.g. increased usages of bikes  

or a lower temperature setting for indoor heating. Such austerity measures 

for the developed world equate to a loss of modern comfort.

10  Only in a scenario with exponentially increasing technology improvements of 4% per year for all 
limiting factors at no cost does the model exhibit indefinite continuous growth of industrial output. 
This would require an enormous tempo of improvement: halving resource usage in approximately  
17 years.
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Recent models of the global energy system can illustrate the requirements 

for a technical and integral scenario. Figures 5.3 and 5.4 show two scenarios 

that keep global warming below 2° C.11 Both energy scenarios rapidly phase 

out unabated fossil fuels and replace them with low-carbon options. Climate 

models that indicate that global emissions should peak before 2020 dictate 

this tempo. Due to the long investment horizons of energy technologies this 

leaves a very limited time window for change.12 

These are examples of many transformation pathways that satisfy multiple 

goals of a more sustainable global energy system. Besides mitigating climate 

change, these scenarios provide for global access to affordable modern 

energy carriers and appliances; enhanced energy security; better health 

through reduced indoor air pollution; and a better environment through 

emission reductions. WWF in collaboration with Ecofys even demonstrated 

that there is a feasible pathway in all economic sectors that builds an energy 

system by 2050 in which 95% of all energy in the world is obtained from 

sustainable sources. 

The supply scenario, shown in Figure 5.3, resembles our technology  

scenario. In this energy scenario, demand for energy grows as predicted  

in the standard+ scenario. This demand can only be met by a rapid and 

unprecedented increase of all known low-carbon energy technologies.  

Thus in order to stay within planetary boundaries in this supply scenario the 

world needs to deploy over 10 times more nuclear energy than now, ensure 

that all fossil power plants are installed with CCS, while at the same time 

ensure a rapid expansion of all renewable energy technologies. The scenario 

demonstrates that this is technically and economically feasible, but does not 

answer the question if society will accept this. Indeed, unchanged energy 

demand makes the use of bridging technologies like CCS or nuclear an 

absolute requirement.

The high-efficiency scenario corresponds best to our integral World3 

scenario. It demonstrates that with lower future primary energy demand 

comes greater flexibility in options for meeting this demand. Thus, in a 

scenario that tackles both energy supply and demand (figure 5.4) one has the 

choice to phase out nuclear or to limit the necessity of CCS. An investment 

in energy savings – sometimes called negaWatt – furthermore is the least 

expensive option that is paid back through a lower energy bill. 

11  More precisely a 50% change that global temperature stays below 2° C. 

12  According to the International Energy Agency in the World Energy Outlook (2011): ‘The door to 2ºC is 
closing. Without further action, by 2017 all CO² emissions permitted in the 450 ppm scenario will be 
‘locked in’ by existing power plants, factories, buildings, etc.’ 
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In contrast to the current energy system that is dominated by a few energy 

carriers, a future sustainable energy scenario yields a diverse mix of low- 

carbon technologies: renewables based on sun, wind, water, geothermal 

energy, biobased energy, fossil fuels with CCS, and possibly nuclear energy. 

Also, more than now, energy production will be decentralised. A decentralised 

energy system that uses energy technologies that are inherently intermittent 

needs to be much more flexible in order to maintain energy services. For 

electricity this could be accomplished using smart grids. 

Both the tempo of the required change and the nature of this change are 

tremendous. Those with a vested interest in the current fossil-based energy 

system suggest that changes of this magnitude are impossible. Energy 

scenarios like those of WWF and IIASA give a different perspective: they 

show that technically and economically a more sustainable energy system  

is feasible. The main challenge lies in mustering the political will to make 

the necessary policy changes.

Bioenergy: a system challenge
All energy scenarios take population growth and economic growth as 

external inputs to the model and calculate the outputs of the model in terms 

of greenhouse gas emissions and other externalities. This approach becomes 

difficult when the energy system touches other world systems such as the 

food system. From the internal logic of an energy system, biobased fuels  

are cheap renewable resources that technically could provide for the entire 

global energy demand. Biomass is furthermore attractive as an energy 

source, because it stores renewable energy in chemical form. From a World3 

perspective land is also required to provide for food and materials (see 

chapter 6). Therefore, providing all energy demand with biomass would  

lead to food shortages and collapse the population. 

Such connections between food and fuel have not gone unnoticed and have 

been separately assessed in most energy scenarios. The energy question 

then first translates into a question of land use. Estimates as to what portion 

of global land mass could be used for energy crops vary greatly depending  

on assumptions regarding the use of land for other crops, the availability  

of water, livestock system, and so forth. Taking such assumptions into 

consideration, sustainable energy scenarios display the potential for a 

doubling or tripling in bioenergy use in the period up to 2050. We see the 

same outcome in a study that takes available agricultural land and food 

demand as a starting point and from there calculates the bioenergy potential 

(see Table 6.1). 
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To provide an alternative to fossil fuels, biofuels should have a significantly 

lower carbon footprint. When calculated for the entire life cycle, some 

biofuels based on conventional crops, such as US corn ethanol, show only 

limited improvement in greenhouse gas emissions when compared to fossil 

fuels. In such assessments CO² emissions from direct and indirect land use 

changes (ILUC) are often neglected.13 These tend to further lower the benefits 

and add considerable uncertainty over the net greenhouse gas benefits of 

biofuels. Compared to renewables based on sun, wind and water the 

environmental impact of biofuels is considerably larger. 

Some of these system concerns are lifted by the use of by-products, residues 

and waste of the current food system. These so-called second generation 

biofuels tend to have lower environmental impacts while simultaneously 

providing an alternative feedstock for a more biobased chemical industry 

(see chapter 6). 

5.4 	 European	energy	future

The World3 model and global energy scenarios provide an overall 

perspective on what a future sustainable energy system could look like.  

How to get there strongly depends on the starting point. For the energy 

system this means zooming in to the European Union to understand how 

the system could change. The outcome is determined by both the national 

peculiarities of energy systems and the boundary conditions that are 

imposed by the technological possibilities.

European countries show large differences when it comes to energy.  

A country like Denmark has been on a steady trajectory since the 1980s to 

become less dependent on fossil fuels by stimulating renewable energy. 

These policies shaped the country to become a global leader in wind energy. 

Recently, the Danish government announced the strategy to become fully 

independent of fossil fuels by 2050. Countries like Norway and France had 

head starts in decarbonising their electricity systems through relatively 

cheap hydropower and nuclear energy respectively. On the other extreme is 

Poland that came out of the communist period in 1989 with an energy 

system firmly rooted in locally produced coal. For natural gas, Poland is 

completely dependent on imports from Russia. Due to recent interest in 

shale gas, the country is set on exploiting these potentially large national 

13  ILUC relates to the unintended consequence of releasing more carbon emissions due to land-use 
changes around the world induced by the expansion of croplands for ethanol or biodiesel production 
in response to the increased global demand for biofuels.
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resources. The Netherlands, lastly, is typified by the presence of the giant  

gas field in Groningen. Through rapid roll out of the necessary infrastructure, 

gas quickly replaced other energy forms in the national energy mix. 

Though energy systems within Europe show large national differences,  

there are a few common themes. Europe’s population is expected to decrease 

in the 21st century. Therefore, with continuing efficiency, the demand for 

energy will stabilise or even decrease. The question is how this future 

European energy demand will be met. Within 25 years, the European oil and 

gas reserves will have been depleted, causing an increased dependence on 

foreign resources. To improve energy independence, all countries will seek  

to diversify their energy resources. 

In Europe, the path to a future energy system is guided by the energy 

roadmap 2050, which was adopted by the European Commission in 

December 2011. It shows the commitment to reduce greenhouse gas 

emissions to 80-95% below 1990 levels by 2050. The main policy tool to 

achieve this goal is the Emission Trading Scheme (ETS) that was developed  

to set a price for CO² emissions and create the most cost-effective abatement 

measures for power stations and industrial plants. As the number of 

allowances is reduced over time, total emissions fall. In 2020 emissions will 

be 21% lower than in 2005. The mechanism of emission trading is technology 

non-specific – favouring the most economical options at any given time. Due 

to various reasons the ETS system has failed to stimulate investment in 

renewable energy. For instance, because of the economic crisis the demand 

for credits is low. This has resulted in a surplus of allowances and a much 

lower CO² price than anticipated. How to resuscitate the  

EU-ETS system is currently under debate.

To get a sense of direction, several studies, like those commissioned by the 

European Climate Foundation, have explored scenarios for the European 

energy system. The common denominator in these studies is that 

decarbonising the energy supply with current technology involves a fuel 

shift away from fossil fuels for end-users (using e.g. electric cars, heat 

pumps) and a complete CO²-neutral, decarbonised electricity generation 

coupled to large energy efficiency and conservation efforts. In order to 

achieve this, renewable energy supplies will play a larger role and will have 

to be strongly connected: in one such scheme solar energy in Southern 

Europe or North Africa provides energy during the day, while offshore wind 

parks in the North Sea deliver most output during the night. Consequently, 

the electricity grid will have to be expanded and its capacity increased. This 

transition, though it requires large upfront investments, is predicted to yield 
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the same economic growth as a baseline scenario in the long run, while 

improving the climate and energy independence at the same time. For  

the Netherlands specifically, the SEO recently concluded that the societal 

benefits of investing in a sustainable energy system outweigh the costs.

It is worth noting that there are many pathways leading to a decarbonised 

Europe. Satisfying the goal of 80% less greenhouse gasses in 2050 can be 

achieved with anything between 40% - 100% renewables. Other technologies  

– most notably nuclear energy and fossil fuels with CCS – might equally well 

be employed to significantly reduce greenhouse gas emissions. With such  

a long time horizon, statements on the cost-effectiveness of certain 

technologies have very large uncertainties. 

Secondly, there is the question of infrastructure. Electrification of final 

energy supply follows from the logical argument that only electricity 

generating technology can cheaply be brought to zero emissions. In part  

this is due to the fact that energy storage is currently too inefficient and 

expensive to use as a back-up for when renewable output is low. Full 

electrification in Europe would then mean abandonment of a well-

maintained and efficient gas network. Whether this constitutes the  

optimal solution for a European energy future is being put to question.

Finally, a narrow focus on greenhouse gas emissions can obscure other 

sustainability issues that might occur elsewhere in the production chain. 

CCS does not solve violations of human rights in coal mining. Nor can  

large-scale hydro-power be employed without loss of nature and landscape. 

With a rapidly changing energy landscape, it is ever more important to 

consider the interconnectedness within the Earth’s system.
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Chapter 6
The food crisis

6.1 	 Systems	analysis

The world agricultural system produces food, animal feed and fodder, and 

feedstock for biofuels or materials (often called ‘fibre’). With the increased 

demand for biofuels, there is a growing intrasectoral competition for space 

and natural resources. Feeding and simultaneously fuelling the world is an 

emerging topic. Agriculture also encounters competition for space and 

inputs from outside: urbanisation and industrialisation.

Apart from fisheries, agriculture is the only way to provide food for mankind. 

There are three essential inputs for agriculture: fertile soil, water and 

biodiversity.14 For modern agriculture, with its high yields per hectare, 

additional important inputs are phosphate (for fertiliser) and oil (for fertiliser 

production, machines, transport), both of which are currently derived from 

non-renewable resources. The system diagram in Figure 6.1 shows the 

(simplified) relations between these variables. Pollution includes greenhouse 

gasses that cause climate change, and pesticides. Agricultural capital is used 

to increase the efficiency of water, fertiliser and biocide use, for better post-

harvest food management (storage etc.) and to decrease pollution. Examples 

of technological improvements are improved crop species (e.g. drought 

resistant, higher yielding), more efficient and precision agriculture or 

greenhouse technology and other forms of closed systems to minimise losses. 

The agricultural system is in reality much more complex than depicted in 

figure 6.1. Agriculture is very dependent on natural resources and processes, 

and nature itself is characterised by innumerable linkages and complex, 

non-lineair feedbacks between the compartments of land, water, air and 

living organisms. The slow degradation of land and water systems may 

currently not be visible, but can have devastating effects on the long term.

Although modern agriculture has been successful in increasing food 

production, it has done so at a cost: land, water and ecosystems have been 

polluted and degraded. This negatively affects nature and people’s wellbeing, 

as well as the production potential of agriculture itself, in the following ways 

(see figure 6.1).

14  We leave out agriculture in greenhouses: these systems do not (yet) contribute substantially to basic 
world food production.
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•	 Agriculture is a major contributor to greenhouse gas emissions (13.5% of  

the total world emissions – mainly N2O, CO2 and CH4    ). The resulting climate 

change increases risks and unpredictability for farmers: all three essential 

agricultural inputs (fertile land, water and biodiversity) will be negatively 

impacted by climate change, although there will be regional differences.

•	 Agriculture is a major user of fresh water (70% of world total use, and with 

current trends this will be 80% in 2050). At the same time agriculture is one 

of the causes for water scarcity, water salinisation and water pollution. 

•	 Agriculture is a major user of land (12% of the world’s total land surface,  

but a much bigger percentage of the world’s land suitable for agriculture,  

see figure 6.2) and is very dependent on a good soil quality: soils with a good 

structure, sufficient organic matter, diverse living biomass and sufficient 

nutrients. However many agricultural practices cause degradation of the  

soil (erosion, compaction, pollution, depletion).

•	 Agriculture is dependent upon biodiversity, for example for pollination, 

natural plague resistance and the availability of varied wild ancestors of food 

crops. However, many agricultural practices cause loss of biodiversity.

Non-
renewable 
resources

Fertile
soil

Bio-
diversity

Water Agricultural capital

FoodCultivated
land

Pollution

Systems diagram illustrating the simplified relationships between 
agriculture, food, water and biodiversity 
Red arrows indicate negative feedbacks, green arrows positive ones 

Figure 6.1
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Food is connected to all other subsystems of World3. For example: 

agriculture requires the input of non-renewable resources: the food sector 

currently accounts for around 30 percent of the world’s total energy 

consumption. This includes manufacturing of fertilizers and other inputs, 

production, processing, transportation marketing and consumption. The 

food system is further put under pressure by competing claims for land use, 

as the current debate over biofuels shows. 

How agriculture can accelerate the loss of natural resources

Agricultural products (food, feed, materials, biofuel stocks) are renewable 
resources: they can be grown and harvested again and again. However, when 
agriculture is not performed in a sustainable manner, it brings the risk of 
accelerating the loss of other natural resources, including non-renewable ones. 

•	 With every harvest, the soil loses the minerals that are taken up by the crop. 
These must be added the following year, by other crops or by fertilisers. 
However, one mineral – phosphorus, an essential plant nutrient – can only be 
produced from phosphate rock, which is scarce and distributed very unevenly 
over the world. Good recycling methods should be sought, or otherwise 
resources of phosphorus will be increasingly depleted (see further chapter 7). 

•	 Erosion is the loss of soil itself. Soil (the fertile top 1-2 metres) can be eroded by 
wind or water. The remaining rock or sandy substrate will slowly weather again 
into new soil, but it takes about 1000 years to form a metre of soil. Under natural 
circumstances, soil is constantly being formed and being eroded, but agriculture 
(especially with heavy ploughing or on steeper slopes) increases the rate of 
erosion.

•	 Heavy salinisation of soils and freshwater bodies (often a result of incorrect 
irrigation methods) and pollution (with fertilisers, biocides et cetera) makes 
them useless for agriculture or industrial/drinking water use. 

•	 Agriculture ‘consumes’ freshwater, because it is taken up by plants and 
evaporates from soil and plants. When a larger quantity of freshwater is used 
than the quantity replenished by precipitation, this causes a net depletion of 
available freshwater. In addition, in some locations agriculture uses old, deep 
layers of groundwater that are not being replenished at all. These water stocks 
are non-renewable.

•	 Biodiversity loss may be caused by monocultures, the use of agrochemicals, 
water overuse, and nature destruction to free up agricultural land.
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6.2 	 The	challenge:	feeding	the	world	by	sustainable	
intensification

Feeding the world sustainably is a big challenge, given the fact that after  

the high yield growth in the Green Revolution (1960-1990) progress in this 

respect has significantly slowed down. One of the causes is the difficulty  

to further improve seeds and technology. In various areas it also reflects a 

deteriorating crop-growing environment: deteriorating water, soil and 

ecosystems are starting to have a negative influence on agricultural 

production potential.15

In 2050, worldwide an average of 60% more food is needed according to FAO 

prospects. The challenge is to do ‘more with less’. Sustainable intensification 

might prove the best answer in most regions (in addition to reducing crop 

losses in developing countries and reducing food waste and overconsumption 

in developed countries). Sustainable intensification reduces the need to take 

more land into agricultural production, leaving more space for biodiversity 

and reducing CO² emissions. This implies that agricultural research needs  

to develop technologies that combine higher yields with high resource 

efficiency and a low impact on the environment (soil, biodiversity and 

pollution). Increased investments in agriculture are therefore key: the United 

Nations Food and Agriculture Organization (FAO) estimates that $1 trillion in 

investment for irrigation technologies alone will be required by 2050. 

Various global organisations are stressing the urgency of sustainable 

intensification. The FAO, for example, has endorsed an ‘ecosystem approach’. 

This approach is based on healthy soils, because soils rich in biota and 

organic matter are the foundation of increased crop productivity.16 The UN 

Special Rapporteur on the right to food published a report on the benefits  

of ‘agro-ecology’. Agroecological methods – with aspects similar to organic 

agriculture, but as a concept less rigid – could well be combined with high-

tech innovations such as robotic weeders. 

In many regions, there are still large ‘yield gaps’. The yield gap is the 

difference between the actual yield in a field and the yield that could be 

realised under optimal conditions. These yield gaps can often be bridged by 

using existing technology; for example, application of fertiliser can greatly 

increase yields in Africa (in some cases more than 200%) and better irrigation 

15  Conventional intensification has been increasingly connected with sustainability issues in the past 
years: Monsanto’s glyfosate leading to superweeds and health problems; neonicotinoids and monocul-
tures being suspected of pollinator decline; growing concern about hormone-disrupting pesticides, 
and depletion of groundwater being some examples.

16  Healthy soils are less susceptible to pests and diseases and increase nutrient availability and water 
retention.

http://www.fao.org/nr/water/docs/waterataglance.pdf
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infrastructure can increase yields in South America. In these two continents 

there are also large freshwater resources that could possibly be tapped for 

agriculture and there is land that could be converted into cropland. This land 

and water however already have a function at the moment, either for nature, 

grazing, or settlements, and most of it has one or more constraints such as 

steep slopes, a too cold or too hot climate, degraded soils or little available 

water. Land conversion may in some areas have negative effects on 

biodiversity and CO² emissions. Therefore, there still is discussion about the 

possibility for the global cropland area to be expanded, in those cases where 

intensification would yield too little productivity growth. Figure 6.2 shows 

the amount of cropland in use today, and the potential maximum area of 

(relatively) suitable cropland available.

Meat and fish production
Meat and fish are valuable sources of protein. But meat, especially cattle  

fed with grains, is an inefficient way to produce food. One kilogram of meat 

requires many kilograms of grains, as animals use a large part of their feed 

and water for their own respiration processes. Therefore, meat indirectly 

requires a large area of fertile land. Globally between 30 and 50% of the 

world’s harvests is used for animal feed. Water requirement is often large. 

Solutions are sought in for example the development of ‘laboratory meat’, 

meat substitutes from vegetable proteins and growing salt-tolerant fodder 

on wastelands.

Fisheries do not require fertile land, but do encounter large environmental 

problems. Many important commercial fish stocks are heavily overfished. 

Pollution is a widespread problem, especially along coastlines. In rivers, 

hydroelectric power dams may impair fish stocks. And as the world’s oceans 

absorb a large part of emitted CO², the ocean water is getting more acidic.  

As a result, many small plankton species (at the base of the food pyramid) 

will have increasing difficulty to form their calcareous shells. Researchers 

claim to have already found an example of this situation, while acidification 

is at the moment still moderate. Warming ocean water may also cause 

oxygen deficiency.

To provide the growing world population with fish, more wild catch is clearly 

not sustainable. Sustainable aquaculture however may provide a solution. 

Large fish feed companies are developing efficient fish feeds containing an 

increased amount of vegetable ingredients, instead of fishmeal and fish oil. 

More marine protected areas and stricter fishing quotas remain necessary  

to protect the ocean’s ecosystems and thus the human food production 

capacity on the long term.
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Global land use and potential for cropland

The yellow bar shows that 12% of the world’s total land area is in use as crop 

land at the moment. However, a large part of the remaining 88% is already used 

or ‘taken’ in another way. The red bar shows that there is a possibility to expand 

the cropland area, but this will be land with one or more constraints such as 

steep slopes, a suboptimal climate or degrades soils.

Sources: Erb et al., 2007, GAEZ study 

Figure 6.2

Total land area 130,375 

Unused forests 

Unused shrubs etc 

Non-productive; snow 

1,358
1%

15,224
12%

34,956
27%

 

46,880
36%

31,950
25%

Cropland suitability Global land use in 2000

35,368
27% 

No or (very) few 
constraints (3%) 

Partly with 
constraints (11%) 

Freq. severe 
constraints (13%) 

Best suited (productive grassland)   

Least suited (more or less bare areas)  

II

I

III

IV

Infra-
structure

Crop-
land

Used
forests

Grazing
land

Unused
land

Climate, soil, terrain and 
slope constraints  

Excluding Greenland, Antarctica and inland water bodies
Area in 1,000 km²



48 updating the future

6.3 	 Solutions	on	a	systems	level

When extrapolated, current trends in the World3 model lead to overshoot 

and collapse. Which solutions are available on a systems level? We explore 

two scenarios: a technology scenario, and an integral scenario. Since there 

are few literature examples that explore such distinct futures, we take an  

ad lib approach to colour our interpretation of the model outputs. Additional 

input comes from the study ‘Eating the Planet’ by Erb et al. (2009) that 

provides a very relevant scenario analysis on the feasibility of feeding the 

world under different technological and societal conditions.  

In the technology scenario the population keeps growing fast. There are no 

effective incentives to change people’s diets towards eating less meat or 

fewer calories. Therefore, to be able to boost yields and produce enough 

agricultural products to feed and fuel the world, all possible technology must 

be applied and huge investments must be made into new technological 

innovations. Genetic modification is used to adapt crops to climate change, 

to make them more efficient and resistant against pests. If GM crops cause 

unexpected side effects such as superweeds, new technology is developed 

and implemented to fix these negative consequences. Large monocultures 

maximise efficiency of machines and patented seeds. In addition, 

agricultural lightweight robots are designed. Desalinisation techniques are 

expanded to produce fresh irrigation and drinking water in water-scarce 

areas, but these require a lot of energy and thus put considerable pressure 

on the energy system. There is large-scale development of containment 

horticulture: multi-storey-greenhouses needing large amounts of steel, 

concrete, LED technology and other resources. Precision agriculture and 

high-tech irrigation technology are expanded. The technology to prevent 

post-harvest food losses is also improved. Many countries will be largely 

dependent on containment agriculture on artificial substrates, on the import 

of grain or on acquiring stretches of agricultural land in other countries 

(‘land grabbing’), because their populations exceed their available land and 

water resources.

In the integral scenario, the population stabilises at a lower number of 

people. Long-term food production and drinking water availability can more 

easily be achieved, because less industrial capital is needed in other sectors. 

This is reached through both technology and behavioural change. People 

change their diets towards less meat, and in developed countries the average 

daily caloric intake is lowered to healthy levels. As a result, the world 

population can be fed with a choice of the best and most sustainable 

technologies; it is not necessary to use them all. Desalinisation for example 

is – in this scenario – only necessary in very water-poor countries because 



Feasibility analysis of three scenarios, taking crop yields, 
land use change, and (changes in) diet into account

Figure shows bio-energy potential. A scenario is ‘feasible’ if cropland availability 

exceeds cropland demand.

Based upon Erb, 2009

Table 6.1
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the rest of the world no longer overuses the groundwater. Containment 

horticulture is only used in countries that have a very unsuitable climate or 

soil for normal agriculture. In other countries, technologies are used in soil-

based, open-air agriculture that preserve the other useful functions of the 

soil, such as carbon sequestering, water infiltration and biodiversity. The best 

irrigation techniques are used, but water demand is also diminished because 

there are less people. Plenty freshwater remains available for nature, which 

increases ecosystem resilience. Technology to prevent post-harvest food 

losses is improved, but there are also measures against food waste and 

overeating by consumers. There are farmer field schools and local production 

of specialised farm tools. High-yielding European soy and legumes are 

developed. Many countries remain or become self-sufficient in food.

Standard+ Technology Integral

Crop yields Large crop yield 
increase

Large crop yield 
increase

20% less crop yield 
increase

Cropland expansion Massive Intermediate Limited

Diet Western high meat Limited changes in 
diet

Significant change in 
diet: (fair) less meat

Feasibility Not feasible Feasible under 
circumstances

Feasible, even with 
wholly organic 
farming techniques

Bioenergy potential < 60EJ/yr <115 EJ/yr <160 EJ/yr

The quantitative scenarios described by Erb et al. (2009) support our 

interpretation (see table 6.1). They calculated cropland availability and 

cropland demand in 2050 in several scenarios, thus indicating which 

scenarios for feeding the world are feasible. Each scenario is a combination 

of different assumptions regarding diet, livestock system, expected crop 

yields (highest in high-input intensive agricultural systems, lowest in organic 
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systems) and the amount of newly developed cropland (at the expense of 

nature areas). Some (groups of) scenarios sufficiently correspond to the three 

scenarios used by us. This is what the resulting (simplified) table shows.

•	 The standard+ scenario is not feasible (that is, food and therefore cropland 

demand is higher than cropland availability so that the world population 

cannot be adequately fed), even though in this scenario we accept a massive 

expansion of cropland area.

•	 The technology scenario is feasible under circumstances: we would still need 

a relatively large expansion of cropland area, the average intake of animal 

products should be reduced, and of course, the ‘large crop yield increase’ 

assumed must still be realised, which is a challenge given the degradation  

of natural resources.

•	 The integral scenario is feasible. Some cropland expansion would still be 

necessary, and an important assumption is a drastic reduction in the 

worldwide intake of animal products. In these circumstances it is even 

possible to use organic agricultural techniques on a significant part of  

the land.

•	 The bioenergy potential is highest in the integral scenario. It is not zero in 

the standard+ scenario, because agricultural by-products such as manure 

can also provide bioenergy.

6.4 	 European	context

Europe has significant potential for agricultural production. As a whole  

it has abundant resources for agriculture: fertile soils, water, capital and 

knowledge. Furthermore most countries have stable governments and a 

stabilising or decreasing population. Northern Europe will have the potential 

to produce enough food for its population and for export, also in case of 

climate change, if this does not exceed 2°C. Rounsevell et al. (2004) even 

calculate that when possible yield increases will be realised, there is enough 

‘surplus land’ for agricultural extensification or for the production of 

biomass for energy.

Especially water, however, is unevenly distributed in Europe. The 

Mediterranean is already facing severe water shortages, mainly in summer. 

Climate change will increase this stress. A high risk of desertification is not 

limited to the Mediterranean; also parts of Central Europe and even the UK 

are vulnerable. The following effects of climate change are foreseen on water 

availability, agriculture and biodiversity.
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•	 Northern Europe: coastal flooding, river flood and weather extremes. Crop 

yields will go up moderately and the impact on biodiversity may be positive. 

•	 Central and Eastern Europe: high risk of river flood disasters. Crop yields are 

expected to decrease but not as much as in the Mediterranean, and the 

effect on biodiversity will also be moderately negative.

•	 Mediterranean: a high risk of coastal flooding and weather disasters; 

problems with drinking water and public water supply; strongly declining 

yields in agriculture and forestry and a highly negative effect on biodiversity. 

Decreasing yields in the south of Europe may pose a problem to local 

farmers and destructive plagues and illnesses may reach higher latitudes.

In Europe, solutions such as high-tech greenhouses, the production of algae 

and precision agriculture have potential for strong expansion. Agriculture 

uses 42% of the water, but there are many differences per country: where 

Spain has a large deficit, Scandinavia has plenty of water.

However, even with its high land fertility, water availability and levels of 

technology and knowledge, Europe needs an extensive phosphate recycling 

system in order to be really self-supporting in food. For more food security 

European production of proteins for animal feeds is needed, to replace the 

large flows of imported soy.

Northern Europe may still be one of the regions where climate change might 

have a net positive impact; it could increase food production significantly 

based on a sufficient potential of arable land and available knowledge and 

capital to invest in yield enhancement technology. In general (also without 

climate change) food production in Europe is vulnerable to internal 

calamities, such as long-lasting drought, a large volcanic eruption, or large-

scale epidemics of contagious animal diseases, and external calamities such 

as geopolitical developments leading to the collapse of soy imports or 

countries halting their export of phosphate.
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Chapter 7
Material resource crisis

7.1 	 Systems	analysis

In this section we consider all non-renewable resources, excluding those 

that are used for energy (energy resources are discussed in chapter 5). 

Biomass – a renewable material resource – is treated in chapter 6. This leaves 

us with a diverse category that includes: metals, doping agents17 such as 

rare earths, sand, rock, fertiliser elements and fossil resources that are not 

used for fuels (oil for plastics). This encompasses a larger set of resources 

than originally considered in Limits to Growth, where sixteen major metals, 

coal, oil and gas are used as a proxy for all non-renewable resources. 

17  A doping agent is an element that is used in trace amounts in electronics. It is inserted into a 
substance in order to alter the electrical properties or the optical properties of the substance.
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A simplified scheme of non-renewable, material resource flowsFigure 7.1
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When not recycled, the final fate of all material resources is dispersion into 

the environment. The chemical elements, of course, have not disappeared, 

but recovery into useable material at that stage is most energy intensive. 

Depending on the constituents of the material, the product or its remains 

can harm the environment. As population and economies grow, more and 

more products are manufactured using raw materials, putting an ever-

greater strain on the industrial capital that is also needed for the energy and 

food supply. On top of that: the discovery, production and manufacturing 

processes themselves impact the environment either directly or indirectly 

via their energy usage. 

With such a broad range of materials under consideration, one would expect 

that resource limits could always be lifted by substitution. At least for 

construction materials, this seems to be generally the case: steel can be 

substituted by aluminium, which can be substituted by plastics or composites. 

For other categories substitution is impossible or only achievable at great 

cost. Elements such as phosphate or other nutrients are essential for food 

production. They are needed as input for agriculture to meet the challenge  

of producing enough food for a growing world population and cannot be 

substituted (see chapter 6). For high-tech applications, substitution is often 

inhibited by the need to have a replacement material with very specific 

physical properties. Think of lithium in high-capacity batteries or neodymium 

in strong magnets that are used in wind turbines. Finally, substitution can 

lead to a larger environmental footprint when low-impact materials are 

replaced with materials that perform worse over the entire life cycle.

7.2 	 Critical	materials

The per capita domestic material consumption is very different for the 

developed and developing world: the industrialised world uses three to five 

times more material resources per capita than more agrarian societies. As 

countries like Brazil, Russia, India and China achieve higher living standards, 

their material needs will rise. By 2050 the UN expects that global material 

use will have almost tripled to 141 gigatonnes per year. 

Globally, the lithosphere contains enough ores to satisfy this growing 

demand, as long as substitutions can be made. Therefore, within the 

aggregated analysis of the World3 model, non-fuel materials will not create 

resource constraints. Due to the aggregated nature of the World3 model it is 

however somewhat limited in its treatment of the issue. A rich multitude of 

natural, non-renewable resources is used in a staggering amount of 
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products. Production volumes differ in orders of magnitudes and intended 

applications shift over time. To appreciate this complexity we have chosen 

the concept of criticality to make some general observations on these 

matters. A critical resource is defined as a resource that is both essential in 

use and subject to the risk of supply restriction. In general, those material 

resources that contribute most to the economy are considered more 

essential. This includes, but is not limited to, materials needed for food 

production and energy systems. 

Short- to medium-term criticality 
Supply of material resources can be at risks for many reasons: in the short to 

medium term there are economic and geo-political criticalities to consider. 

Due to the large scale of mining operations and the long times it takes to 

bring them into production, the market for many raw materials are slow to 

respond to changes in demand. If materials are produced as by-products of 

mining, or extraction technology is inefficient, these supply-side risks might 

not be resolved through the price mechanism. Resulting price volatilities can 

threaten the development of essential future technology. 

An additional risk is involved with the geographic concentration of mining 

sites or mining companies that occurs for a growing number of materials.  

In itself this need not be a problem, but if production takes place in countries 

with a rapidly growing internal demand (China) or if it is concentrated in 

politically unstable regions (Afghanistan), supply risks multiply. Some 

countries, e.g. China and the USA, have restricting policies in place for 

certain raw materials that they consider critical for their own economies. 

Dependence on these countries for certain resources further increases 

supply risks.

Finally, short- to medium-term criticality may be due to social and 

environmental issues. Working conditions and pollution in mining locations 

can be so bad that companies that are serious about corporate social 

responsibility should avoid resources that are produced under such 

conditions. An example is cobalt from Congo – a country where violence  

and human right abuses continue to take their toll on the local populations. 

To produce coltan, the workers in the mines operate without the necessary 

health and safety conditions. The proceeds of the mining operations find 

their way to factions that use it to finance their military efforts. 
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Long-term criticality 
In the long term the materials that are used in much larger volumes have  

a global impact. For a bulk metal like copper, the declining ore grade will 

become problematic this century. As sites with concentrated mineral 

deposits become depleted, only lower grade ores remain until the 

mineralogical barrier is reached. Below this concentration it is no longer 

technically or economically feasible to extract the resource. In the mean 

time, extraction becomes more energy intensive, requires more water,  

and leads to larger emissions and more waste.

Figure 7.2 shows the current environmental ‘backpacks’ of some bulk metals. 

For a metal like copper every ton of extracted copper generates 64 tonnes  

of waste. Production of aluminium on the other hand shows an impact 

mainly through their high-energy requirements (global warming potential). 

Environmental backpacks for a number of bulk metals

The area of a square indicates absolute volume in millions of tonnes. 

The numbers inside squares indicate relative environmental impact 

in kilogram of ‘waste’ per kilogram of primary production.

Figure 7.2
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The world production of steel (not shown) is at least thirty times higher  

than that of any other metal. Consequently, even though its relative 

environmental impact is low, the absolute effects on pollution are high.

Where long-term criticality in metal resources might be solved through 

substitution, this is not the case for nutrients that are essential in food 

production. One of the main ingredients for fertiliser, phosphate rock, is 

being depleted, yet is irreplaceable. Current practices lead to washing away 

of excess nutrients, which causes eutrophication of rivers and coastal areas. 

Without good recycling technology development, phosphate scarcity may 

put a severe limit to food and biofuel production.18

End-of-life
Many materials persist for timescales that are much longer than the 

intended useful lifetime of the products they comprise. Many plastics e.g.  

do not decompose for hundreds of years, whereas plastic products are often 

designed for one-time usage. With growing industrial output, even the most 

efficient waste management systems cannot prevent that materials end  

up in the environment and cause harm to ecosystems and human health. 

The discovery of huge areas consisting of plastic soup in the oceanic gyres  

is a clear indication that endless growth of production has consequences  

for habitats and ecosystems. That is, there are limits to a linear production 

process. 

18  Until recently, global phosphate supplies were thought to run out in approx.100 years time. However, 
Morocco announced in 2011 it has nine times as much stocks as it had said earlier. That would mean 
more time to find a good recycling solution, but it still means a large geopolitical risk as Morocco 
would then own 85% of all the phosphate in the world. Source: Platform Landbouw, Innovatie en 
Samenleving, 2012. Schaarste van micronutrienten in bodem, voedsel en minerale voorraden. And: interview 
with Wouter van der Weijden, in Het Financieele Dagblad (FD) 21 november 2012.
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7.3 	 Systemic	solutions	to	material	crises

Within the context of World3, system solutions for non-renewable resources 

can be found in increased technological effort to make more efficient use  

of materials (technology). The integral scenario adds to this a reduction in 

demand, which should be achieved through social change. In both cases 

resource usage and environmental impacts are decoupled from a growth  

in human well-being. The technology scenario is achieved through 

technological efficiency, for instance by increasing resource efficiency to 

such levels that a factor 4 or even factor 10 increase in ‘resource productivity’ 

is achieved. In the integral scenario these technological improvements are 

complemented by measures that lower the demand for material goods,  

e.g. by focussing on services rather than products.

Recently, UNEP made an attempt to quantify the efforts needed to achieve 

this decoupling goal. We already saw that continuation of the global material 

consumption leads to a tripling of resource use by 2050.19 They developed 

two alternative pathways (figure 7.3). In one scenario the average resource 

use per capita remains constant. Because of a growing population, this still 

results in 40% more global resource extraction by 2050. Such a result might 

be attainable by technological solutions alone and therefore corresponds 

most with our technology scenario. In a second scenario, the global material 

consumption is frozen. This corresponds closely to the output of the integral 

scenario in the World3 model.

19  UNEP 2011: note that these UNEP scenarios include biomass, fossil fuels next to minerals and 
construction materials.



58 updating the future

Historical (1) Standard+ (2) Technology (3) Integral 

Historical (1) Standard+ (2) Technology (3) Integral 

150

100

50

25

125

75

0

1900 19501925 1975 2000 2025 2050

Non-renewable resource use and scenarios 
expressed in absolute volumes (top) and per capita volumes (bottom)

Source: UNEP (2011)

7.3Figure

Metabolic scale (billion tonnes/year)  

18

15

6

3

12

9

0

1900 19501925 1975 2000 2025 2050

Metabolic rate (tonnes/capita/year)  



59updating the future

In both scenarios substantial resource efficiency gains must be made.  

The technology scenario requires industrialized countries to halve their 

resource use per capita by 2050, whereas developing countries converge  

to that level of material consumption. For the industrialized countries, 

achieving a factor 2 reduction implies resource productivity gains of one  

to two percent annually. While such overall gains are in the range of what 

has been achieved in the past, it still requires substantial economic 

structural change and massive investments in innovations in resource 

efficiency. As not all areas of production can achieve this high rate, it rests  

on some economic activities to reach factor 4 to factor 10 improvements.20 

The integral scenario requires tough contraction and convergences for 

everyone as it brings per capita resource consumption to the 2000 level of 

developing countries. To achieve this, absolute resource reduction will not 

only be necessary in developed economies, but also in developing countries. 

To realize this, technology alone will not suffice. Without completely new 

economic models that redefine how economic progress is created and 

perceived, such a transformation in resource use is unlikely to be realized.

To achieve the strong resource decoupling that is necessary in an integral 

scenario, the concept of a circular economy has recently been proposed.  

In a circular economy the industrial system is restorative or regenerative  

by designs. It thus departs from the linear production pattern that will  

reach its limits sooner or later. To achieve decoupling, waste is eliminated  

as far as possible. Products are designed and optimised for many cycles of 

disassembly and reuse. This reduces the need for virgin materials. 

In the circular economy consumable components of a product, i.e. those 

parts that are intended for brief or single use, are largely based on biological 

ingredients. They return to the biosphere – either directly or in a cascade of 

consecutive use – in a way that does not add to the environmental pressures. 

More durable products and parts consisting of e.g. metals and plastic should 

stay in closed loops to prevent potential pollution. In terms of business 

models, the circular economy replaces the concept of a consumer with that 

of a user. Unlike today, products are leased, rented or shared wherever 

possible. 

These principles largely overlap with the philosophy of Cradle-to-Cradle  

that has been applied by a number of front-runner companies like DSM, 

AkzoNobel and Philips. Calculating what these ideas mean to entire 

economic sectors has however not yet been done. Recent studies show  

20  As seen in chapter 6, in agriculture productivity gains have been decreasing over the last decades. 
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that – next to the obvious but not easily quantifiable benefits to nature and  

society – there is an economic opportunity worth hundreds of billions in 

Europe alone. 

7.4 	 European	developments	

The European economies are more vulnerable than other regions for 

criticalities in resource supply. The production of many dopant and precious 

metals, that are essential for high-tech applications, is concentrated outside 

the EU. EU economies strongly depend on at least fourteen critical metals. 

While the EU may be self-sufficient in food production, the fertilizer 

phosphate relies on imports from Morocco. To ensure a sustainable supply  

of raw materials for the European industry, efforts in innovation have 

increased. The objective is to make Europe a forerunner of raw material 

exploration, extraction, processing, recycling and substitution technologies 

by 2020. 

In Europe resource efficiency is pursued as a strategy to become less 

dependent on resource imports. Countries like the USA or Japan have active 

policies in place to secure supply of materials that they consider critical to 

their economies, e.g. through stockpiling. At present, only Germany seems  

to develop an active resource strategy based on future shortages of selected 

material resources. 

A more efficient material and waste policy will be vital for European 

industrial production. Apart from a reduction in material usage, this entails 

reuse and recycling. Whereas approximately 50% of bulk metals are already 

recycled, for doping agents this is currently as low as 1%. As noted before,  

a better use of material resources – closing the loops – will benefit the 

environment, but for European industries it will also become a strategic 

necessity. 

Increasingly, the most concentrated sources of critical materials are the 

waste heaps rather than the Earth’s crust. To create continuous resource 

loops waste needs to become a resource, without loss of quality. European 

waste management is currently still very much focussed on eliminating land 

filling as a dominant practice. Several countries, the Netherlands included, 

have stepped up the waste ladder and use incineration with energy recovery 

next to recycling. Ultimately, the challenge lies in creating business models 

that eliminate waste altogether. For Europe the economic value of such  

a circular economy has been estimated at several hundred billion euros.
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Chapter 8
Implications for the  
Port of Rotterdam

The previous sections describe the scenarios of Limits to Growth with a  

focus on energy, biomass and material resources from both a global and  

a European perspective. In this section we sketch the implications for the 

Port of Rotterdam. Before doing so, we sketch a picture of the current port 

activities. We draw on the World3 scenarios to infer what these possible 

futures mean for the port area. In the next section, we will take this 

assessment one step further and discuss what needs to be done to steer  

to a more sustainable path. 

8.1 	 The	Port	of	Rotterdam:	throughput	and	industry

Comparative advantages are at the root of trade and are thus a fundamental 

driver of all transport movements. Some regions are able to produce certain 

goods at lower costs than others, in which case trade and transport can be 

advantageous for both regions. These dynamics are what accelerated the 

globalisation process after the Second World War.

In the wake of these global developments, the Port of Rotterdam has become 

the largest port of Europe and the fifth largest in the world. It is the major 

gateway to a European market of over 500 million consumers for oil, petro- 

chemical products, iron ore, agribulk, coal, consumer products and food 

products. The direct and indirect added value of the port and its industrial 

complex to the Dutch economy lies around 22 billion euros. Rotterdam owes 

this position among other things to its accessibility via deep waterways, the 

infrastructure and connection to the hinterland, and the clustering of 

industries. 

The annual throughput in Rotterdam adds up to more than 442 million 

tonnes in 2012. To put this amount into perspective: it is more than the total 

weight of the world population. Almost half of this volume is caused by the 

transport of fossil fuels, with oil and oil products making up the lion’s share 

(see figure 8.1 for trade routes). The importance of fossil fuels for Rotterdam 

goes far beyond transportation: refineries, coal-fuelled power plants, 
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petrochemical industries and storage facilities provide synergies on top of 

the access to a deep-sea entrance. Due to the presence of Rotterdam with its 

refineries, the Netherlands is a net exporter of oil products, even though very 

little oil is produced from domestic extraction (Figure 8.2).
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Non-fuel resources find their way through Rotterdam in containers or as  

dry bulk. Using containers, around 60 million tonnes of goods are imported 

annually and approximately the same volume is exported. Containers may 

contain any kind of semi-finished products or consumer goods that fits the 

standardized compartment. In the category dry bulk, 35 million tonnes of 

ores and scrap is imported. 

Oil balance of the Netherlands

Left illustrates the position of Rotterdam in the global oil trade.

Right: the oil balance for the Netherlands.

All values are expressed in petajoules per year, data: 2009.

Source data: ‘De Bosatlas van de Energie’

Figure 8.2
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Most industrial activities use virgin materials and produce (intermediate) 

goods that are used once. Some companies in Rotterdam, however, are 

already specialised in the recycling of materials.21 

Agribulk in Rotterdam accounts for almost 10 million tonnes of import. 

Agribulk in Rotterdam is converted to edible oils, biofuels, biochemicals and 

biopolymers. Wood pellets and other forms of solid biomass are used to 

produce electricity by co-firing in coal-fired power plants. The Netherlands is 

an important net importer of oilseed products and the second largest 

importer of soy and soy products in the world, after China. Approximately 

30% of the European import of soybeans and 20% of soy meal goes via the 

ports of Rotterdam and Amsterdam (Figure 8.3 illustrates the trade routes for 

these products).

The Netherlands is also a global player in food exports: it is the world’s 

second largest exporter of agricultural products, after the USA. This food is 

mainly produced for the European market and is therefore is not transported 

via the Port of Rotterdam. In 2010, food comprised 10% of the total export of 

all goods in the Netherlands. For example, the country exported 4.6 million 

tonnes of fresh vegetables and 2.5 million tonnes of fresh fruit (of which 

nearly 1 million tonnes of tomatoes).

21  With a capacity of over five million tonnes, the Bentum Recycling Central cleans mineral construction 
and demolition waste and tar asphalt to recycle it into high-quality aggregates for use in the concrete 
industry, road construction and asphalt industry. Also a number of companies exchange waste or rest 
streams forming an industrial ecology.
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8.2 	 Implications	for	Rotterdam	from	global		
systems	analysis

Figure 8.4 repeats the outcome of our World3 scenario studies, showing the 

throughput of goods in Rotterdam. In the previous sections, a description  

of these scenarios was given on the topics of energy, biomass and 

non-renewable resources. Here, for each scenario the implications for  

the Port of Rotterdam are discussed.

Scenario 1: standard+
The standard+ scenario outlines how a continuation of current trends in 

resource use and pollution leads to global overshoot and collapse: rapid 

growth continues, while environmental problems build up and manifest 

themselves only after years of delays. What ‘collapse’ means for Rotterdam 

when this point is reached can only be very roughly sketched. With respect 

to global warming, it is expected that local climate impacts in Northern 

Europe turn out to be relatively modest so that the population can adapt 

Historical (1) Standard+ (2) Technology (3) Integral 

800

600

400

200

100

700

500

300

0

1966 20001980 2020 2040 2060 2080 2100

Scenario results for throughput of the Port of Rotterdam, 
including historical data (mln tonnes)

The asterisk indicates an additional autonomous growth that was added between 

2014 and 2035 to take the pull effect due to Maasvlakte 2 into account. 

Data sources: CBS (historical throughput Rotterdam)

8.4Figure



67updating the future

with technological measures to e.g. sea level rise or changes in the 

production season. Whether this is also the case for the consequences of 

crossing other planetary boundaries is an open question.

Since the Port of Rotterdam depends strongly on international trade, its 

operations will be severely impacted by the consequences of global collapse. 

For example, according to the OECD, several major harbours are under threat 

of flooding when climate change continues. The standard+ scenario shows 

that within one generation, the world population will diminish and become 

on average less prosperous. This implies dramatic shifts in population 

centres, production centres, access to resources and potentially major 

changes in governance and geopolitical relations. In such a world in turmoil, 

trade need not disappear, but overall, the demand for products in such a 

scenario drops. Consequently, the standard+ scenario shows a decline in 

throughput for the Port of Rotterdam after 2040 to pre-2010 levels of activity.

Many economies will be strained to provide the basic needs for their 

population. Self-sufficiency in resources will be an even stronger driver for 

nation states than it is now. Since in this scenario insufficient investments  

in resource efficiency technology are made, the answers to obtain access to 

resources will be sought in the classical way, in which protectionism will 

probably prevail, resulting in even less international trade. This increases  

the likelihood that the world is heading into a period of resource wars. 

Given the state of the world in such a scenario, an increased emphasis on 

food security over other activities is to be expected. It might well be that 

food exports in the Netherlands shift to new destinations, outside the EU. 

The food sector in this scenario, however, has not made a transition to a 

more sustainable form of agriculture and remains strongly dependent on 

cheap and readily available inputs of energy and nutrients. It is doubtful that 

very high yield agriculture is possible in the standard+ future. In its ultimate 

consequence it might signify a de-urbanisation trend where a large part of 

the population will again be needed for agriculture.

Much depends on the energy sector. In the standard+ scenario, global 

investments in renewable energy are outpaced by investments in the fossil-

based energy system. Capital is used to deplete all easy energy resources. 

After this has lead to an overshoot due to pollution, energy resources will 

not have disappeared, but will be very expensive to exploit. In such a world 

global transport will be equally expensive and therefore is no longer taken 

for granted. Plastic, now based on a by-product of oil-refinery, will then be  

a luxury material.
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Initially the petrochemical industry in Rotterdam and elsewhere might shift 

to new fossil sources. When at some point this can no longer be maintained, 

the world output of fossil-based products declines. With global scarcity of 

fossil energy and no readily available alternatives, the presence of domestic 

resources will be more crucial for countries than the comparative 

advantages of a deep-sea port. In the future depicted by the standard+ 

scenario free, global trade will dramatically decline. In the absence of fossil 

fuels in Europe, there are few reasons to keep a petrochemical industry in 

Rotterdam. Instead, Europe will have to import fuels and energy and 

resource intensive products at a high price.

Scenario 2: technology
In the technology scenario, global overshoot and collapse is avoided through 

an increase in technology. Human population stabilises, the ecological 

footprint is effectively reduced and human welfare is maintained. The effort 

to achieve these goals is huge: it would require meeting unaltered global 

demand for goods, while staying within the planetary boundaries. As 

previous chapters show, it implies implementing all the technologies and 

inputs that are currently available to decouple economic growth from 

resource use and keep pollution in check. The global capital cost to 

implement such a formidable eco-efficiency programme diverts investments 

from industrial output after 2040. The technology scenario therefore leads  

to a stabilised world, but it is one with fewer (consumer) goods per capita. 

Not as a choice, but by necessity. Since transhipment is linked to global 

industrial output, the consequence for the port of Rotterdam is initially a 

strong rise in port activity, as technology spurs economic growth. After 2040, 

this trend is gradually reversed. 

The most concrete impact for Rotterdam in this technology scenario is the 

rapid phasing-out of oil. The technology scenario implies that all oil-related 

activities in the port area would eventually disappear and will have to be 

replaced with low impact energy technologies. This can only be achieved at  

a certain cost. A technology like carbon capture and storage (CCS) illustrates 

the dilemmas in this scenario. With no restrictions on growing energy 

demand, pollution prevention technologies like CCS are essential for 

traditional industry and power plants to survive. Such technologies, however, 

restrict the output of useful goods. With CCS, you need five units of 

production to keep total production at the same level as four units without 

CCS.22 These diminishing returns on (eco-)investment eventually halt 

material growth.

22  An estimated 25% of the energy from a power plant is needed to capture and store the CO².
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This scenario also affects Rotterdam’s biobased ambitions. Energy from 

biomass is a renewable option that fits well within current port activities. 

The energy and food scenarios do however show that the potential for 

sustainable biofuels is limited and should be restricted to forms of bioenergy 

that have lifecycle impacts that are substantially lower than the fossil 

alternatives – including the effects of indirect land use change. This could  

be achieved by using the non-food parts of plants and by utilising biomass in 

a cascade of consecutive uses as a renewable material before it is converted 

to energy.

It is unlikely that bioenergy and CCS alone will suffice to implement the 

increased effort in energy technology that is prescribed by the technology 

scenario. It would also require significant investments in energy efficiency 

and in a renewable energy system. The latter implies a drastic change of  

the current energy infrastructure. Implementation of a technology scenario 

would thus show a rapid transition of current industries to more clean-tech 

industries based on renewable energy and closed resource loops. Regulation 

to achieve this would be geared to make the polluter pay and stimulate 

industries that generate green jobs. It implies for Rotterdam that existing 

industrial sectors that are predominantly fossil fuel-based and linear in 

nature must transform so as to avoid the risk of being left with stranded 

assets.

Scenario 3: Integral
Scenario 3 outlines the consequences of a world that seeks a stable 

population as well as a stable industrial output per capita, in addition to 

reducing the environmental footprint. Such an outcome in the World3 model 

can only be realised when next to all technological measures of scenario 2, 

the continuously growing demand for material goods is being controlled. 

Within scenario 3, two options are explored that indeed give this outcome: 

the first is population control, and the second is a cap on industrial output.

Globally, the immediate result is that average goods per person remain 

approximately constant and economic growth remains initially lower than 

in scenarios 1 and 2. In the second half of the 21st century, throughput no 

longer grows but stabilises. This pathway however avoids the drop in 

industrial output that characterises the other scenarios. 

This integral scenario serves to show an important aspect of the World3 

system: in order to reach sustainable goals for the second half of this 

century, both technological and social measures need to be implemented. 

The latter also includes rethinking how business and trade models can 
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operate in a manner that is restorative by design. A fundamental 

transformation of the way societies run is needed to achieve such ambitions. 

Taking our diets as an example, the integral scenario would require less 

meat or an increased use of local protein sources for animal feed. Also for 

energy and resources, scenario 3 implies not only technology, but also 

smarter ways to deal with the needs of society. Much of this journey is as  

yet unknown. Conceptually there are a number of ideas from which building 

blocks can be used – like those of the Circular Economy.

In other words: efficiency – be it energy-, resource-, agricultural or 

eco-efficiency – is key to keep manoeuvring space in an increasingly 

constrained world system. It might be possible to satisfy all the extrapolated 

demand with low-impact sources (technology scenario), but at the price  

of lower flexibility: every available technological option will have to be 

implemented at a high rate to maintain human welfare levels. The integral 

scenario in that respect is more forgiving: if implementation of one 

sustainable option is hampered, there are other possibilities to pursue.  

For Rotterdam the general implication is that accelerating efficiency in  

all activities allows for more choices in how to make the transport and 

industrial systems more sustainable.
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Chapter 9
Conclusions and 
recommendations

The global crises that were sketched in section II are larger and more 

interwoven than ever before in human history. A large-scale and rapid 

transformation of the global economies is needed to avert the risks of 

overshoot and collapse. The implications for the Port of Rotterdam are 

far-reaching: as long as the world is on the road towards the standard+ 

scenario – and most indicators show that we indeed are – the risks increase 

that the port economy is severely impacted, resonating in the entire Dutch 

economy. 

Section II also outlined technological and social changes that are needed  

on a global scale to arrive on a road to sustainability. Here lies a formidable 

challenge for the Port of Rotterdam, as the global hub is essentially a 

one-way stop in a linear production chain and the industrial complex is 

firmly based on fossil fuels. Between 1999 and 2009 more than b10 billion  

of investments were made in the energy port and industrial cluster. These 

investments are predominantly in non-renewable, linear businesses that are 

planned to be operational for decades.23 A sustainable path means rapidly 

increasing the share of businesses that apply circular business models and 

rely on renewable energy sources. The necessary speed of transformation 

could imply that current business cannot keep the pace and the fossil-

dependent industry is left with stranded assets.

The Port of Rotterdam has made sustainability one of the core values of its 

long-term strategy and is committed to reducing environmental impacts.  

In a number of key areas – energy, the industrial cluster and transport – 

important first steps have been made. Here, we will demonstrate that in 

order to meet the challenges put forward by the analysis of Limits to Growth, 

a larger and faster change is needed: stepping up. As the World3 model 

shows, the decisions that will be made up to 2030 will prove to be critical  

for the rest of this century. 

23  PoR (2010) Facts and figures Rotterdam energy port and industrial cluster. A clear distinction between 
green and conventional industries has not been made in these data. Summing bio-refineries and the 
onshore wind-park as clean investments adds up to b1.5 billion out of a total of b10.1 billion in 
investments.



75updating the future

As we are dealing with systemic problems on a global scale, we will 

distinguish two different levels for possible action.

•	 At the regional level, the Port of Rotterdam Authority in collaboration with 

local governments and its industrial partners should aim to become the 

leading sustainable port in the world. By setting an example of converting 

environmental challenges into new business opportunities, it paves the way 

for other ports and cities. 

•	 On a global level the Port of Rotterdam with its partners can continue to 

exert influence on environmental regulation and policies affecting 

sustainable innovation and investments in e.g. the International Maritime 

Organisation (IMO) and European bodies.

To achieve a change of course towards sustainability, we suggest that all 

measures satisfy the following criteria. 

•	 Potential measures respect all global environmental and social boundaries. 

•	 Potential measures are adaptive, so they can change with changing 

circumstances or new scientific insights. 

•	 When policy is involved, change should be accomplished with a minimum  

of instruments.24 

•	 Sustainable solutions should be supported by the widest possible group  

of stakeholders.

Below, we return to the three topics that were elaborated on in section II: 

energy, biomass and material resources. We qualitatively assess the gap 

between the current ambitions of the Port of Rotterdam as presented in its 

long-term strategy and the magnitude of change that is required according 

to the World3 scenarios. In addition we provide examples of potential 

disruptive accelerations: possible futures that are not covered by the 

scenarios, but need to be taken into account for a robust strategy. Possible 

measures to accelerate the transformation to a sustainable economy are 

then discussed both for the Port of Rotterdam with its regional partners and 

for the European and international context. We tentatively indicate the 

alliances that are needed to close the gap. The section ends with a general 

conclusion and a call to the port and its partners to collaborate on creating 

more value whilst staying within the boundaries of the planet.

24  Since we did not research the effectiveness of different detailed policy options, we present here 
recommendations on an abstract level. For instance, when stating that externalities need to be priced, 
we do not distinguish between a tax or a cap-and-trade mechanism, nor do we discuss the height of 
this pricing. This type of discussion is outside the scope of this report.
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9.1 	 Energy

Gap analysis
Rotterdam’s current environmental strategy related to energy is focussed on 

reducing the environmental impacts of its energy system. For the transport 

sector, this is driven by the agreements it has made to reduce air pollution 

(nitrogen oxides, sulphur oxides and particulate matter). To this end the port 

actively facilitates a modal shift from trucks to cleaner forms of transport.  

In addition it is providing incentives for the shipping industry in the form  

of reduced port fees for clean ships and has used air quality criteria in 

tendering new container terminals. Indirectly these measures also affect the 

greenhouse gas emissions of the transport sector. To make the next steps in 

greening the transport sector, the port focuses on cleaner fuels, like liquefied 

natural gas (LNG), hydrogen, or biofuels as alternatives to the current 

strongly polluting shipping fuels.

For the reduction of greenhouse gasses the port has committed to the 

targets of the Rotterdam Climate Initiative (RCI): fifty percent less CO² in 

2025 than in 1990. Important contributions to this target must come from 

the energy plants and industrial cluster. These are part of the EU emission 

trading system. A carbon price is thus expected to provide the incentives  

for making this industry more sustainable. However, in practice the price  

for emission rights is currently far too low to stimulate investments in 

efficiency, renewables and pollution prevention. A main focus area for CO² 

reduction, carbon capture and storage, therefore experiences difficulties in 

getting beyond the planning phase. The port’s activities in terms of 

renewable energy include a 300 MW wind park and the use of (first 

generation) biomass for fuels.

On comparing the port strategy with the analysis of Section II, we note the 

following. The Port of Rotterdam focuses on greenhouse gas emissions and 

air pollution. An integral view to the energy system, on Rotterdam, EU and 

world scale, would require more attention to biodiversity and food security. 

This point is particularly relevant for biofuels, and will be dealt with in the 

recommendations on biomass.

With respect to the transport sector, the Port of Rotterdam is actively 

engaged in a rich multitude of measures that are aimed at improving the 

eco-efficiency of moving goods. Still, due to the continuing increase in 

transport and the slow adoption of cleaner transport, the CO² emission  

trend of the European transport sector as a whole is rising. This is a clear 

signal that efforts need to be intensified. 
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For the energy and industry sector a comparison can be made between the 

RCI targets and the sustainable energy scenario of section II. The emission 

reduction targets of the RCI are certainly ambitious and in line with the 

long-term goal of 80% reduction of greenhouse gasses by 2050. In the 

implementation of the measures we see a number of improvements that are 

necessary from the point of view of the integral World3 scenario. We would 

therefore suggest that the strategy to achieve RCI’s goals is reviewed.

The efficiency target is one obvious example. The RCI aims at improving 

energy efficiency by 2% per year and currently achieves 1.7% per year. As 

discussed previously, more energy efficiency is highly desirable, as it gives 

more flexibility in meeting the other sustainability challenges within the 

energy sector, but also in other sectors like agriculture. For the RCI scenario 

in particular, more efficiency would mean less reliance on potentially very 

expensive options to meet the targets.

Also, the share of renewable energy in the RCI production mix is low in 

comparison to what will be needed to meet global energy challenges. The 

share of renewable energy supply based on sun, wind and water (tidal or 

wave energy) in the port is still negligible in comparison to the fossil-based 

energy supplies, and the path to increase this share is as yet strongly 

dependent on biomass. In theory, the RCI scenario with its heavy 

dependence on CCS can deliver on the decarbonisation target, but this  

might go at the expense of other sustainability criteria. Meanwhile the 

transformation of the energy system towards a more flexible energy system 

based on sun, wind and water is slowed down as the carbon lock-in inhibits 

investments in renewable energy.



78 updating the future

Disruptive accelerations

Carbon bubbles and stranded assets
The energy system is sensitive to shocks, particularly for oil. At the moment  
we see that unconventional fossil fuels (shale gas, tar sands) are becoming 
conventional. Meanwhile renewable energy systems are becoming cheaper and 
more widespread. Significant price drops – as we witnessed for solar PV in the 
last two years – could also occur in the future for other clean energy 
technologies.

The significance of these developments lies in the fact that our financial and 
economic systems are all geared towards the expectation that all fossil  
fuel reserves will be exploited. Our financial institutions do not factor in the 
option that this puts the world on a trajectory for four degrees global warming 
or more by the end of the century. When the valuation of the reserves that are 
now on the balance sheet of major fossil fuels companies is corrected – either  
by public pressure over climate risks or by the unexpected development of 
renewables – a carbon bubble worth trillions of dollars could burst. Companies 
that have based their investments on the continued availability of cheap fossil 
fuels will be left with stranded assets.

Developments of unconventional energy becoming conventional, both in fossil 
and renewable energy, will have other significant impacts. For example, it would 
require major alterations in the energy system; an interrelated network of 
energy sources and stores of energy, connected by transmission and distribution 
of that energy to where we need it; for production, transport et cetera. The same 
applies to developments in decentralised power generation, if developments in 
this area accelerate and even become standard, it would mean major changes in 
the entire energy system, increased grid flexibility et cetera. Needless to say, 
Rotterdam will have to play a different role in this energy future.

Geo-engineering
In a scenario where mitigation of climate change fails, the option of 
geo-engineering will become more relevant. Geo-engineering refers to the 
deliberate, large-scale intervention in the Earth’s climate system, in order to 
moderate global warming. Techniques to achieve this, fall in two broad 
categories: the first consists of technical measures to remove CO² from the 
atmosphere like stimulating plankton growth in the oceans by adding iron as a 
fertiliser. The second category includes solar radiation management techniques 
like the addition of sulphur aerosol to the upper atmosphere. The topic of 
geo-engineering is highly controversial, and to date research has focused on 
computer modelling or small-scale tests. 

Next to incomplete knowledge of the side-effects that such measures might 
have, deployment of geo-engineering raises a multitude of ethical questions. 
Once large-scale geo-engineering starts, there will be basically an open- 
ended responsibility to continue the intervention. What kind of organisation  
will be responsible for the application? What if a country decides to start 
geo-engineering on its own, or even uses it as a weapon? These kinds of aspects 
make geo-engineering more than simply a technological improvement, it 
signifies a disruptive acceleration.
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Recommendations for a sustainable port strategy
To close the gap between Rotterdam’s initiatives and the sustainability 

challenge for the 21st century both acceleration and intensification of  

efforts is necessary to bring all negative impacts from our current energy 

system within planetary boundaries. As mentioned in section II, this is 

technologically and economically feasible – which is not to say that it is  

easy to accomplish. In our current economic system however the global 

environmental impacts do not have a price, or the price is too low. Thus most 

pressingly, a strong and predictable stimulus is needed to make polluters 

pay. For climate change this implies a sufficiently high price for carbon.  

For other impacts, like biodiversity loss, air pollution or clean water usage, 

ambitious new regulations and incentives are needed. Only then can clean 

energy technologies substitute the fossil-based energy system that is so 

strongly locked into our economies through infrastructure and institutions.

Where the Port of Rotterdam together with its partners can influence 

European and international decision-making, it should firmly advocate the 

strongest possible environmental regulations: strict air quality rules for 

transport and industry, a CO² pricing mechanism for international shipping, 

and measures that guarantee a price for carbon that is high enough to 

stimulate energy efficiency and investment in renewable energy. The Port  

of Rotterdam should insist on applying all relevant sustainability criteria 

when it comes to the use of biomass. 

To benefit from such policies the port will need to become the leading clean 

energy port in the world. Both the industrial cluster and global hub could 

seize the opportunities that come with a more flexible, sustainable energy 

system. A logical function for the port would be to stimulate and facilitate 

sustainable energy grids. The port’s location is ideal for large-scale 

generation of wind energy and tidal or wave energy. The port should seek  

to benefit from the transformation of the North Sea as a region rich in oil 

and gas to the major region for renewable energy generation. In transport, 

the port should embrace and stimulate technological innovations like 

SkySails that promise very large fuel efficiency gains for shipping.

Smart grids can combine intermittent renewables based on sun, wind and 

water to match the demands of a transformed industrial cluster. Renewable 

output can be converted to new energy carriers like hydrogen or other 

synthetic fuels that take over the role of oil. Energy can be temporarily stored 

in batteries, heat or cold, or even in energy islands. Biobased energy is 

produced from biomass waste streams or new efficient crops like algae.
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As long as progress in European and international agreements over carbon 

pricing and other environmental issues is slow, the port should consider 

local incentives. On a national level a floor price for carbon emissions might 

be advocated, whereas for new industries tenders with enhanced 

environmental criteria should be applied.

Who is needed for the acceleration
•	 Partners from RCI (Rotterdam industry and local government), in particular 

the energy sector and the energy-intensive industry

•	 IMO, to influence shipping industry and discussions over bunker fuels

•	 National and local government

•	 Top sector energie

9.2 	 Biomass

Gap analysis
Rotterdam focuses on becoming the access gateway for the biobased 

economy in Europe. In its long-term strategy, the Port of Rotterdam sees an 

important role for biomass as a substitution for non-renewable resources. 

The current biomass activities in the port area consist of first-generation 

biofuel production (based on food) and the co-firing of biomass in energy 

plants. There is attention for sustainability issues in the form of pledges  

of individual companies to use certified, sustainable biomass. 

In the strategy for the bioport, biomass is seen as a replacement for both 

energy- and material-intensive activities. The global potential for biomass 

usage other than food is determined by such factors as crop yield and diets – 

factors that are largely outside the influence of the Port of Rotterdam. 

However, if more alternatives are being developed for renewable energy 

sources (e.g. tidal or wind) and industries make more efficient use of energy 

and material resources (reuse and recycling) the demand for biomass can 

stay within ecological and social limits. 

When biomass is replacing other feedstocks, the important direction for the 

port should be in further valorisation of the biomass content. Biomass is 

rarely wasted completely; many loops are already closed. What is needed  

is the development of additional loops that deliver high value chemical 

building blocks. For instance, meat waste can be used as a substrate for 

insect growth. The protein that is thus produced is a valuable feedstock for 

aquaculture. Such new biochemical routes provide examples of a cascading 
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approach for biomass use that needs to become the norm if the biobased 

economy is to be sustainable. Biomass should only be used as fuel after all 

useful protein, carbohydrate and nutrients have been valorised. There is 

potential for biomass as a new feedstock for Rotterdam’s industrial cluster. 

However, unless major yet unknown technological breakthroughs occur, 

biomass is no panacea to greening all existing activities.

Disruptive accelerations

Run-away climate change
Climate scenarios are based on what is known of the linear response of the 
climate to increasing greenhouse gas concentrations. Above a certain 
temperature, however, non-linear effects may manifest themselves: so-called 
tipping points. An example is the thawing of permafrost in Siberia and the 
Arctic. Methane and CO² that were captured in these frozen soils are now slowly 
being released into the atmosphere. As temperatures rise towards or perhaps 
past two degrees, this process will go faster. In their turn, the gasses released 
increase global warming, creating a vicious circle with the potential to greatly 
increase the speed of global warming while a return to the current temperature 
regime would be virtually impossible. Such a series of events is referred to as 
runaway climate change in which case the future of food production becomes 
highly uncertain.

Pollination by bees
Agriculture is very dependent on water, biodiversity and clean, healthy soils.  
A possible disruptive acceleration is the loss of pollinating insects, such as bees, 
bumblebees, hoverflies and moths. Without them, world food production would 
be significantly lower – especially fruits and vegetables production would decline 
dramatically. For 35% of the total world production volume of crops (and for  
87 of the leading world food crops), pollinating insects are either essential or 
they increase their yield or seed production. Besides, without pollinators, the 
production of fruits and seeds by wild plants would also diminish, impacting 
ecosystem functioning.

The recent large honeybee mortality observed worldwide is caused by a 
combination of factors. Among the factors that are probably most important  
for bees are the increase in monocultures (leading to lots of pollen for a few 
weeks, and none in the weeks after the harvest), bee pathogens and pesticides 
(especially the new class of neonicotinoids). More generally, other possible 
causes for pollinating insects are land and water pollution, and climate change.
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Recommendations for a sustainable port strategy
When biomass is used as a feedstock, all environmental and social aspects 

should be taken into account. These should include indirect land-use 

change, as this is the ultimate planetary boundary in the global economic 

system. Where the port of Rotterdam can influence European decision-

making it should firmly advocate strict sustainability criteria for biomass  

use and insist that in Rotterdam the highest EU criteria are being applied. 

The challenges posed by the biomass system demand a well-designed 

approach that addresses much more than just CO²: there is a need for  

a Sustainable Biomass Roadmap for Rotterdam. Biomass is a renewable 

resource and is a key ingredient of both a sustainable energy system and  

a sustainable industrial system. Rotterdam’s goals for non-food biomass  

use should be related to the yields that can be achieved with genuinely 

sustainable agricultural methods.

For Rotterdam, bulk bio-based chemistry forms a starting point. Developing 

this will attract second- and third-generation biomass flows. Chemicals, 

nutrients, food and feed ingredients, and fuels are the outgoing flows.  

A cascade of usage should be reviewed in light of ecosystem services, land 

use, water usage, etc. Incentive structures should be designed so that they 

favour the use of biomass that, in total, has the highest economic and social 

added value.

An adaptive strategy is needed for bio-energy to incorporate the latest 

insights on sustainability issues. The science is not yet settled on the 

sustainability of different kinds of biofuels. Therefore, it is recommended to 

take small steps and spread risks: in the future, the port’s added value will 

be earned with a large variety of biomass-based operations rather than just 

volume transhipment, for example biochemical refineries, food processing or 

storage. Bunker fuels are a justifiable focus area for biofuel development that 

fits well within the port’s infrastructure. For long-distance transport there 

are currently no viable alternatives based on sun and wind.25 

A ‘cascading approach’ starts with the collection and pooling of different 

biomass materials in order to create volume. Biomass pooling might be an 

interesting function for the Port of Rotterdam. The advantage of a large-scale 

approach over a more local system is the synergy that can be achieved with 

the existing chemical and energy clusters in the Port. Sustainable agriculture 

25  The exception is in sea transport, where there is potential for efficiency gains by using wind in 
modern ways, like SkySails.
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forms the basis of the chain that requires a faster implementation of 

improved irrigation and fertilisation techniques. Though the Port of 

Rotterdam has very limited influence on agricultural policies, it can play  

a role in becoming the provider of recycled nutrients like phosphates for 

fertiliser. 

Who is needed for the acceleration
•	 Biobased industry in Rotterdam

•	 Local and national governments

•	 Top sector agro

•	 TNO, water organisations (for phosphate recycling), nutrient platform

9.3 	 Material	resources

Gap analysis
The transformation of the industrial cluster is part of Rotterdam’s long-term 

strategy. Rotterdam wants to achieve this by stimulating efficiency measures 

(reduce), cyclic material chains (recycle) and substitution of non-renewable 

by renewable materials (replace). The latter step involves a transition to a 

biobased economy and is treated in detail above. The steps that the Port of 

Rotterdam envisions are indeed the major elements for decoupling growth 

in prosperity from resource use. Inspired by the economic opportunities that 

are already there, the concept of a circular economy is gaining momentum. 

Though somewhat hyped, it contains elements to arrive at a long-term 

sustainable scenario.

A decoupling strategy implies a decrease in the throughput of physical 

goods. For the Port of Rotterdam it is therefore important to make a shift 

from measuring its success by transhipment to a more integral measure of 

value creation. Figure 12.1 illustrates this point: Throughput of material and 

goods in linear chains will decrease over time. These industrial activities are 

supplanted by new flows of goods: either from renewable origins or from 

materials that are starting a second life. Whether these match the current 

throughput in tonnes is less of a question when the added value for people, 

planet and profit is higher. This, of course, can only be realised if the Port of 

Rotterdam can adapt its own business model from throughput to added 

value.
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It should be clear that the journey towards the circular economy has only 

just begun and that the routes to arrive there go through uncharted territory. 

Rotterdam could become an important hub for the new types of businesses 

that will be developed. We can only sketch a few of the required steps that 

need to be taken and stress that further insights into the details need to be 

developed in collaboration with industrial and financial partners. 

2010 2020 2030 2040

Schematic representation 
of how a shift from linear (use & reduce) business models to more circular 

business models (recycle & replace) will increase value creation

9.1Figure

Use & reduce

Recycle & replace

Value

Throughput and storage (volume) Added value (money + other indicators)
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Disruptive accelerations

Production location of goods
Internationally operating businesses have grown rapidly in the 20th century,  
due to improvements in transportation and communication and large price 
differences in production capital and other inputs. The global marketplace and 
ditto competition create the incentive for companies to source materials, energy, 
goods and labour at the lowest price possible to stay in business. Production 
facilities can be found in low-cost areas, close to international harbours, 
whereas business headquarters are mainly found in service-oriented countries 
with typically good airport facilities and low corporate taxes. 

Lately, this pattern is changing: wages and GDP in production countries (like 
China) are rising while at the same time energy costs in some other parts of  
the world are declining. At the same time, the world is connected through  
the Internet and social media, creating instant global information and news  
on for example working conditions. This raises pressure from society on global 
business to take wide responsibility for the welfare of their workers, for 
environment, etc. everywhere they operate. All of the above, and more, might 
make it desirable for business to bring production facilities back to the country 
of origin. French car producers have already closed foreign production sites  
and Apple, for instance, has retrieved part of its production back to the United 
States from China, due to societal pressure.

The economic crisis and high unemployment rates in Western countries could 
accelerate this systems change. Governments might encourage domestic 
production via tax measures or other incentives. Together with the observed 
developments in society, technological innovations such as 3D printing, 
changing business models based on circular principles and the continuing trend 
towards continentalism,26 this might dramatically alter international business 
and transport systems.

Recommendations for a sustainable port strategy
Shifting from linear chains to circular business models requires that the  

true costs of resource use, pollution and waste are included in the price of 

resources. Raw materials are now cheaper than recycled materials, because 

negative effects of take-make-waste are left out of the equation. The Port  

of Rotterdam should therefore stimulate that such externalities find a way 

into the pricing of resources. Rotterdam could advocate that national 

governments shift taxation from labour to resources. Within the global hub 

and industrial cluster Rotterdam can make a start to motivate thinking 

26  Continentalism refers to the agreements or policies that favour the regionalisation and/or cooperation 
between nations within a continent.
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about value rather than throughput for goods, by giving an impulse to 

integrated reporting of financial, social and ecological performance of 

business.

To aid the development of new types of businesses that are restorative by 

design, a lot of groundwork needs to be done. What kind of logistics are 

optimal in a circular economy and for which material flows is Rotterdam 

best suited? How could circular business models be financed? How do we 

deal with the transfer of liability for materials that are reused or recycled 

and how and where do we store materials for which there is currently no 

demand, but for which this demand might develop in the future? 

Rotterdam’s chemical industry can play an important role in the 

transformation to more sustainable business. Not only as a provider of 

modern separation technology, but also in developing chemical leasing, in 

which users only pay for the services rendered by the chemicals and not  

for the volume of chemicals consumed. Also, the Rotterdam harbour could 

develop a function as a hub and storage place for materials used in the 

offshore industries, facilitating extended reuse and recycling of the large 

amounts of materials used in these industries. 

All these options leave important questions of ownership, information 

sharing and liabilities to be answered. Answers to these questions exceed 

the possibilities of individual industries and can only be found in 

collaborative effort. The Port of Rotterdam can provide a platform where 

creative answers to these issues can be developed. Since much of the current 

material throughput of Rotterdam is meant for German industries, this 

platform should align with German initiatives.

For the acceleration of a circular economy both practical and theoretical 

knowledge needs to be developed. The Port of Rotterdam needs to provide 

space for experimentation with circular business models and at the same 

time can be involved in exchange of knowledge with and between industry, 

finance, government and scientific institutes. The British example of starting 

an MBA that educates a new generation of business leaders in the theories  

of circular economy can also be applied in the Netherlands.
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Who is needed for the acceleration 
•	 Platforms that currently bring together frontrunners in circular  

economy, such as the Ellen McArthur Foundation, the Circle Economy,  

the World Resources Forum and The European Resources Forum

•	 Knowledge institutes

•	 Waste and recycling industry

•	 Chemical industry

•	 Offshore industry

•	 Financial sector (banks, investors)

•	 Entrepreneurs

9.4 	 Concluding	remarks

The Port of Rotterdam will need to fundamentally change its business if it  

is to maintain its position as a motor for Dutch prosperity in the long run.  

In this section we saw that on all relevant themes, the port is already taking 

steps. The changes that these steps can bring, however, are either too small 

or are not implemented fast enough to meet the global challenges that have 

been illustrated by the scenarios from Limits to Growth. In addition to large 

risks of negative impacts that are inherent in the standard+ scenario, the 

port should also be prepared for disruptive accelerations that cannot be 

captured by the World3 model.

Apart from avoiding risks, it is also possible to look at the required change  

as a monumental opportunity to be at the front of the next economic wave. 

It will require active antennae to pick up the most recent developments on 

the radar. The future of business is in enterprises that respect the planetary 

boundaries – something that is already well understood by leading 

companies like Puma, Unilever, Desso and many others. 

Inspiring examples, however, are not enough. Current systems and 

institutions block or hinder the transition to a more sustainable economy. 

These systemic barriers are a form of market failure and can only be taken 

down by collective efforts. To do so, a first step is to understand the 

parameters on which a sustainable economy can be steered. Compared to 

financial accounting, economic valuation of the physical world is still in its 

infancy. And although it is generally understood that GDP is an imperfect 

measure for prosperity, it remains the single beacon for all nations to steer 

their economies.
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Vested interests are another important factor hindering rapid 

implementation of the changes that are needed. To include and engage the 

companies and stakeholders that are likely to lose most in the transition to  

a sustainable society, predictable implementation paths need to be devised. 

At the same time, measures need to be flexible enough to adapt to evolving 

scientific insights, and active monitoring is required to stay informed of the 

latest global developments.

The Port of Rotterdam has the courage and leadership to step up to the 

challenges of the 21st century. The ideas and technologies are largely in 

place to realise its ambition to become a sustainable port, but it cannot 

realise the required acceleration in splendid isolation. Updating the future 

demands a joint effort of all its partners in industry, government and 

science. 
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Appendix 1

How the throughput 
scenarios for Rotterdam 
were developed

Throughput in the Rotterdam port is not an existing variable within the 

World3 model. Therefore standard econometric techniques were applied  

to find a robust fit between transshipment and key variables within World3 

for the past. After establishing that fit we could run various scenarios up to 

2100 with World3 and see the consequences for transshipment volume in 

Rotterdam on the very long term.

World3 is a structural model of the world connecting five basic, global stocks: 

population, resources, production capacity, arable land and the ecological 

state of the world, and the flows connecting the stocks. All variables are 

defined on a high level of abstraction without regional split up. 

Hypothesis and assumption
We modelled throughput in Rotterdam to depend on at least two major 

components: a direct link with world industrial production as Rotterdam has 

for long been the biggest harbour in the world. Secondly, being a gateway to 

Europe, a European population component was included.

Furthermore, we assumed that the development of the Rotterdam port has 

no decisive implications for the main variables in World3, i.e. on world 

population, production capacity or world food production etc. More precise: 

we assumed that the Rotterdam port has no assets or qualities that makes  

a special relation with the variables mentioned worth modelling. A way of 

looking at this assumption is to imagine that there was no Rotterdam 

harbour, would that really make a difference? Well, Antwerp harbour would 

be larger, as Amsterdam and Hamburg etc, but world production itself, 

development of population etc would not differ27. This assumption has the 

technical advantage that throughput for Rotterdam could be treated as an 

ex-post variable.

27  When modelling timescales were even bigger, many more than the current two centuries (1900-2100), 
we would see influence of the VOC and the implications of the development of trade itself, that would 
make a difference.
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Testing
We established a data series for total throughput in Rotterdam from 1967  

to 2011 from the volume of transshipment, measured in tonnes, and 

removed business cycle elements by taking four-years moving averages.

For the World3 variables to be tested we selected global production of goods 

(industrial production), world population and world food production as 

candidates.

For the regional component we looked at candidates that could be connected 

directly to variables that could be incorporated within World3. We developed 

time series for population in Europe and used this as a proxy.

Using standard estimating techniques (least squares linear regression)  

we first found a very good, robust fit between Rotterdam throughput and 

world industrial production, leaving a rather huge autonomous component 

unexplained. This estimate only slightly (and not significantly) improved by 

adding other World3 variables to the estimation model as world population 

or world food production. This finding is in line with intuition and 

hypothesis.

Furthermore we refined and improved the estimation by adding European 

population to the model. This addition indeed reduced the large autonomous 

component in the previous estimates, while model statistics only improved 

slightly. Next to world goods production, the specific European component 

was apparently not a decisive factor from 1976-2011. We nevertheless chose 

to add European population in the model since we expect to see large 

regional differences in development, see also Port Vision 2030.

Scenarios
The three scenarios are discussed qualitatively in the main text. The 

standard+, technology, and integral scenarios correspond to scenarios 2, 6, 

and 9 of Limits to Growth: the 30-year update. For each scenario we took 

world industrial production from the World3 scenario results, and European 

population from a separately developed sub model on regional population. 

This model splits up World population from World3 into regions according  

to the characteristics of the scenario at hand. 

Using the regression coefficients, the Rotterdam throughput was calculated 

from the World3 runs. To account for the effects of Maasvlakte 2, in a  

final step a temporary growth in throughput was included for the period  

2014-2035. This addition is justified by the expectations that Rotterdam could 

profit more than average from growth in the container market by providing 

competitive advantages over other European Harbours (i.e. Maasvlakte 2 

with ultra modern containerterminals).



95updating the future



96 updating the future

Colophon

Editors:
George Wurpel
Janne van den Akker
Mariken Betsema
Tammo Oegema

IMSA Amsterdam
T +31 (0)20 578 76 25

Prins Hendriklaan 15
1075 AX Amsterdam
The Netherlands

www.imsa.nl

Commissioned by:
Port of Rotterdam
T +31 (0)10 252 10 10

World Port Center
P.O. Box 6622
3002 AP Rotterdam
The Netherlands

www.portofrotterdam.com

Design and lay-out:
Smidswater

Date:
November 2013

For all bibliographic purposes this document may be cited as:

Wurpel, G.W.H., Akker van den, M.C., Betsema, M.J.J.H., Oegema, T. (2013).  
Updating the Future. The next steps in becoming the sustainable global port, 
using scenarios from Limits to Growth. 
A report for the Port of Rotterdam Authority by the Club of Rome  
Climate Programme. 
IMSA Amsterdam.






