
Chapter 4

The Brunel Lecture1

Peter Head

In recent decades it has dawned on many of us that there can be no viable future
for humanity without a healthy planet. Earth, water and air support the existence
of an immensely complex living system, powered by the sun. We are part of this
web of life and within a few generations we have used up most of the earth’s stored
fossil fuel resources. Their transfer from the earth to the atmosphere is significantly
altering its composition. From our ever-expanding urban centers, our tentacles now
spread across the world. Our globalizing economic system is destabilizing the
planet’s life-support systems – the very systems that support us, and the future of
our children. The Intergovernmental Panel on Climate Change (IPCC) says that
there is now a 50 percent probability of a 5-degree Celsius rise in the earth’s
temperature by the end of the century, which would be the end of civilization as
we know it.

In this paper I will attempt to provide some innovative answers to the fol-
lowing important questions:

• Can we move towards a sustainable way of living with up to nine billion
people and create what is being called the Ecological Age?

• What policies and investments are needed in low- , middle- and high-income
countries?

• What is the role of the engineer in leading this transition to an Ecological Age?

I will start by examining the problems we are facing and I will highlight the oppor-
tunities for change. I will spend a little time on this because the seriousness of the
problems are still not well understood. Then I will use a specially designed frame-
work to show what we can do over the next fifty years, particularly in North
America, and then draw some firm conclusions about policies, changes, invest-
ments and the role of the engineer.
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Background

The earth is a closed system. It receives energy from the sun and exports only energy
into space. Down on the ground, photosynthesis in plants converts the sun’s energy
into carbon material, which over the course of human history has provided us with
our primary source of energy and has also been the root of our food supply chain.

The Industrial Revolution moved civilization from the Agricultural Age to the
Industrial Age and into an urban resource-dependent lifestyle. At this time there
were voices of concern, such as the economist Thomas Malthus (1766–1834) who
argued that population increases would at some point overwhelm our ability to feed
ourselves. Many of these predictions have proved to be wrong owing to our
extraordinary ability to increase food productivity, but production is now totally
dependent on fossil fuels to make fertilizers. The population is now seven times
greater than when Malthus made his prediction.

We civil engineers are proud of our profession’s contribution to the rapid
development of the economy during the Industrial Revolution. We stand on the
shoulders of the great engineers like Brunel and Roebling who created so much of
the infrastructure that has supported economic growth and the move to city living.

Industrial development and urbanization have continued unabated. Civil
engineers have been at the heart of the design and delivery of the essential infra-
structure for energy, water, waste, communications, transport and flood protection.
Energy consumption is central to our model of human development, and in
designing and building these systems we have created the hard wiring of a non-
renewable fossil fuel resource-consuming society.

In 1998, the World Wildlife Fund (WWF) began to publish a biennial Planet
Report. The 2006 Planet Report showed that we are now living in severe ecological
overshoot. We are now consuming 25 per cent more resources than the planet can
replace and are drawing down the stock of natural capital that supports our lives.
In 1990 we had an average of 7.91 hectares of land to support everyone’s life on
the planet, but in 2005, with population growth and the loss of productive land
due to pollution, we only had 2.02 hectares. In Britain and the US we are living as
if this hasn’t happened and we are using 6 to 10 hectares on average each – three
to five planets’ worth of resources.

The key metric, in response to this situation, is the “ecological footprint” of
the population of each country. This is the area of earth surface required to support
the population’s lifestyle with water, energy, food, resources and waste absorption.
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China’s president, Hu Jintao, in his speech at the Seventeenth Party Congress
in October 2007, referred for the first time to “moving China towards an ecological
civilization”. He described this as “using resources more efficiently, using renewable
energy, and living in harmony with nature”. China has realized that their industrial
development model is rapidly becoming uneconomic owing to environmental
pollution, health costs and rising raw material costs.

This paper addresses this journey into the Ecological Age. For China this
means a transition from an Agricultural to an Ecological Age; however, in the US it
involves transitioning from an Industrial to an Ecological Age. This paper uses the
knowledge gained from Arup’s drivers for change research and Arup’s project work
all over the world. It shows how we could make the transition. Let us have a quick
look at the economics of this transition.

Economics

With the current economic model we use non-renewable resources and throw them
away, polluting and destroying the fragile eco-system that supports life. We have
now realized that our global economy has become so big that the impact of the
loss of the eco-system at each growth increment may cost us more than it is worth.
Hence, growth may be uneconomic and we may have to begin the search for an
optimal scale in which marginal costs equal marginal benefits.

The critical task is to take human development forward with much fewer non-
renewable resources and an economic model where growth comes from the
efficiency in using renewable resources. By valuing eco-system services we can start
to repair the damage we have done.

The long-term objective is to reach a sustainable lifestyle that uses renewable
resources and the energy from the sun. We need to find a soft transition over the
longest possible period, so that we can use fossil fuels and nuclear power as long
as resources are available but with much less environmental pollution. To achieve
this we need vision and some clear objectives. The objectives I have chosen to use
are:

• CO2 reduction of 80 per cent from 1990 levels by 2050 in developed
countries with a worldwide 50 per cent reduction. This was agreed at the 
G8 meeting in Japan (2008) in line with IPCC recommendations to stabilize
the earth’s temperature.

• A transition of Ecological Footprint to the 2050 global earthshare of 1.44
hectares in all countries.

• Raising overall well-being in every country in line with the Human
Development Index millennium development goals.2

A key question is whether we can take these steps without damaging our short-term
economic performance. Let us consider this from a low-income country perspective
first and then come back to the US. 

For example, Africa could combine this new economic thinking with the use
and development of technology utilizing their own renewable resources, without
the need for the wasteful steps that the high-income world has gone through. 
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A critical priority for Africa will be to incorporate adaptation to climate change in
their development model. I will give some examples later.

In high-income countries like the US we need to retrofit. Most detailed carbon
emissions reduction studies (e.g. Stern and McKinsey) say the costs are within our
means and will not hurt economic growth.3 For example, the McKinsey report says
that here in the US you can reduce greenhouse gas emissions by one-third to a half
by 2030 at manageable costs to the economy, and this is now informing economic
plans.

We are actually so wasteful that there are many opportunities for rapid
improvement. Each problem we have created in our development model tends to
be addressed by another fossil fuel-dependent fix. Therefore, we have ended up
creating an abundance of interdependent resource-consuming technologies. In
what Arup calls the “virtuous cycles of benefit”, we have found that were we to
solve this problem, the social, economic and environmental benefits could be
surprisingly large.

The stacking of problems has led to a complexity of infrastructure with high
maintenance costs. More than rigid complexity, smart, responsive simplicity is much
more effective at lowering life-cycle costs. For example, in a compact mixed-use
development, people can easily go to work, school, shops and leisure facilities by
walking, cycling or public transport. The residents save money, travel creates less
pollution from car exhausts, which in turn leads to better health that lowers social
care costs, and all this creates a more desirable place and a higher return for the
developer. On 1 October 2008 Governor Schwarzenegger held a press conference
to sign Bill SB375. This bill will provide up to $20 billion for infrastructure that will
combat greenhouse gas emissions – he understands that planning and engineering
infrastructures are crucial to making the changes we need.

The most liveable urban areas in the world, such as Vancouver, Canada, are
already providing infrastructure that supports the reduction of greenhouse gas
emissions. They have one-tenth of the freeways of a typical North American city
and they also don’t have the burden of the high maintenance costs that come 
with such infrastructure. Walking and cycling are preferred means of travel and
Vancouver has high-quality public transport for longer journeys.

It should be noted that the space required for moving people in buses and
on cycles is significantly less than for cars, and far fewer parking spaces are needed.
So reducing car use in city centers frees up valuable land for housing, parks and
offices; not to mention that the land that comes from closing roads may be used
to fund public transport.

In the current industrial urban model, power comes from inefficient cen-
tralized power stations outside urban areas that belch out pollutants, products are
consumed and thrown to waste in landfills, fossil fuel-based fertilizers are used to
grow food and large, noisy freeways cut through city areas with hard landscape and
fast water run-off. In contrast, the new model for the Ecological Age would be a
place where communities and food production are protected from flooding; where
water and waste are reused locally; where people can walk, cycle and use public
transport; and where everything runs on renewables. But before that, let us look at
the fundamental problems we face in the world and start with energy consumption
and supply.
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Cities

In our current industrial development model, energy consumption grows propor-
tionately to gross domestic product (GDP). Consumption eventually levels off as
manufacturing is offshored to low- and middle-income countries. The differences
in energy consumption now between the US and Europe, with the US consuming
more, is largely the result of car use in lower density sprawling urban US centers.
The Ecological Age model that China is currently pursuing aims to flatten energy
growth by 20 percent. They intend to do this by using the eco-city urbanization
model, which entails building high-speed rail lines and moving to energy efficient
manufacturing. 

Competition for land in most urban areas is driving up the cost-of-land
component of house prices and inequalities are widening.

“People move to the cities not because they will be better off but because
they expect to be better off.”4 A high proportion of people in urban areas live in
slums. Many people who move to cities find it hard to integrate and survive. Their
dire financial situation and lack of affordable housing, exacerbated by rising fuel
and food costs, is often leading to homelessness and slum housing. And the forecast
for the world’s slum population is not good. According to the UN State of the World
Cities Report 2006/2007, slum populations are expected to rise to 1.4 billion by
2020, with Africa being most affected.

The Ecological Footprint can be dramatically impacted by changes in urban
density levels and how people live. As such, the approach to city living needs 
to radically change to a much more efficient use of land. While food and goods 
are things consumers can influence, urban density, mix of uses and fuel choice are
largely the domain of planning decisions. One of the main reasons why I moved
from civil engineering to planning was because I realized good urban design and
planning are key to human beings living within the carrying capacity of the earth.

As I mentioned earlier, urban density is important for reducing transport
energy demand. An average US urban dweller uses about twenty-four times more
energy annually in private transport than a Chinese urban resident. There is a sweet
spot of urban density of 35–100 people/hectare where public transport is viable
and where there is plenty of room for urban parks and gardens. So choosing the
right density for retrofitting and new building is really important.
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Resource Efficiency: Food, Water, Energy and Raw Materials

Food

As population grows and the negative impacts of climate change impacts increase, 
the area of productive land is reduced. The floods in Burma and India show how
vulnerable food producing areas are. In addition, the deterioration of soil quality
and overgrazing are reducing the productivity on what land we have left, forcing
us to use more chemical fertilizers and fossil fuels. Yet we still cannot meet demand,
and the amount of food per person is dropping for the first time.

The imbalance between supply and demand is now driving up food prices.
Consumption is outstripping production, and food stocks normally reserved for
future use are now being used. This situation is worsening as land previously used
for food production is being increasingly used to grow bio fuels, and fossil fuel prices
increase.

As wealth increases, people eat more – particularly high footprint foods like
meat. Meat needs significantly more land and water than crops. On the brighter
side, productivity of land for vegetables and fruit can be improved using new low-
energy processes of building and balancing soil fertility, and this can be assisted by
closing the resource loops between urban living and rural food production (which
I will come back to) and demands engineering solutions. 

Water

Freshwater resources are fundamental to agriculture, food production and human
development. “If present trends continue, 1.8 billion people will be living in coun-
tries or regions with absolute water scarcity by 2025, and two-thirds of the world
population could be subject to water stress.”5 The US has a serious proportion of
this problem.

Water scarcity is caused primarily by abstracting too much, wasting what we
have, polluting our water sources and deforestation. In Las Vegas the public sector
is facing up to these really pressing questions. The serious drought problems in the
US are occurring in areas being targeted for population growth and radical solutions
will be necessary. 

Major opportunities include: use much less water, treat and recycle urban
wastewater and use drip-feed systems for agriculture, as well as collecting and
storing rainwater and using it as grey water for secondary uses. The increasing
frequency of wild fires linked to climate change is also becoming a major threat
across the country.

Energy

If current trends continue the world’s primary energy demand will more than
double by 2030; almost half of that will be accounted for by energy demand in
India and China alone if the changes I outlined above are not implemented. Prices
are rising quickly. Coal consumption is rising faster than oil and gas consumption,
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with global demand forecast to jump 70 per cent between 2005 and 2030. Coal-
powered stations are being built all over the world despite the threat of emissions
caps because coal is now the cheapest and most plentiful fossil fuel we have left
and could last beyond oil and gas. Carbon capture and storage plus new coal
gasification technologies offer the opportunity to reduce emissions from coal power
stations. More on that later.

Nuclear power and gas power will have a continued important role to play
in the energy supply mix. There are limits to sources of raw material supply here
too and prices of raw materials will inevitably rise.

In the case of oil the prospects for the future are not good; the science
strongly suggests that supply will not be able keep up with demand. We are cur-
rently using more than we are discovering and the controversial concept of “peak
oil” has emerged. We are passing the peak of oil reserves and oil price has increased
fourfold in seven years. Oil price does not just impact upon our transport costs 
but directly impacts upon food and goods prices. Energy from renewable sources
such as solar, wind, tides and waves are underused and comparatively expensive,
but they are becoming more viable as oil prices increase.

There is much more solar energy available in the desert regions of the world
than we are currently generating from fossil fuels. According to the 2006 United
Nations Environment Report, an area of 640,000 square kilometres could provide
the world with all of its electricity needs (the Sahara is more than nine million square
kilometres in size). We have to be willing to build the infrastructure needed to
transfer desert power to our urban centers. This has begun in California where there
has been a single contract for 900mw of concentrated solar collector power. There
is great potential for solar and wind power in the southwest of the US. There is no
doubt that a large percentage of US electrical power can come from renewable
energy.

Raw Materials

Raw material consumption is rising fast and the extraction of minerals comes at an
environmental price, with mining stripping more of the earth’s surface each year
than natural erosion. At a typical bauxite mine, ten tons of waste rock and three
tons of toxic mud are generated to produce just one ton of aluminium. Meanwhile,
some of the largest metal mines in the world are in the buildings, products and
infrastructure of existing urban centers, and these can be refashioned to the needs
of an Ecological Age.

Climate Change

More and more people live in coastal areas and they have increasing exposure to
floods and cyclones. In many areas droughts and floods are affecting food pro-
duction and prices, while higher summer temperatures in urban centers are creating
dangerous conditions for the young, elderly and infirm. Many of the nations and
regions most at risk from the impacts of climate change are low- and middle-income
nations that have contributed very little to greenhouse gases.
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These nations are not the best equipped with the skills and resources to
combat climate change impacts or to mitigate their occurrence. Floods are not the
only problem. Ozone and heat impacts are problematic as well with rapidly rising
numbers of deaths. This is all going to get much worse.

Additionally, we are all painfully aware of the human and financial costs of
the increased intensity of hurricanes caused by warming, and this is a real worry.

We have a huge responsibility to act now to reduce our emissions and
ecological footprint. In making these changes we need to ensure that strategies and
investments to protect vulnerable communities are put in place.

Adaptation and mitigation need to be implemented together. A priority is
infrastructure for water and flood management, recognizing increased storm
intensity and sea level rise. We can also plan urban areas to take advantage of natural
cooling by building green roofs and parks, and greening streets.

Biomimicry

All of this points to finding a way to live more harmoniously with the natural world,
and so how do we get there quickly? Janine Benyus in her brilliant book Biomimicry
sets out ten principles that can guide us.6

1. Diversify and cooperate.
2. Use waste as a resource.
3. Gather and use energy efficiently.
4. Optimize not maximize.
5. Use materials sparingly.
6. Clean up, don’t pollute.
7. Do not draw down resources.
8. Remain in balance with the biosphere.
9. Run on information.

10. Use local resources.

These are the principles that successful organisms adopt, and we do none of them.
I will use these principles as a route map to show how the way we live can be
transformed to reach our goals, often working in partnership with optimized natural
organisms such as bacteria and algae.

Starting with high-income countries, they have the opportunity to develop
in a way that improves quality of life and creates jobs and opportunities within an
emerging resource-efficient ecological economy. It is critical to stabilize inflation
and provide a secure supply of basic needs. The model I have used for them is to
assess emissions, footprint and development index, following the long-term lessons
from urban centers like London and San Francisco and their climate change action
plans. The idea is to use retrofitting to help move these cities from the Industrial
Age model to the Ecological Age, and I will use biomimicry thinking to show how
this can be done.

San Francisco’s current ecological footprint is between four and five planets
and this is largely a result of it being a high car-use city. With a target of 1.44 hec-
tares per person in 2050, the reduction in footprint needed is around 84 per cent.
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Admittedly this is extremely challenging. This is similar to the reduction in carbon
emissions target of 80 per cent, so all resource impacts need to be reduced in similar
proportions, that is, all except for food (this would be an overstretch).

Let us start by considering how the principles of biomimicry can be put to
work to reach a footprint of 1.44 hectares per person by 2050, starting with “using
materials sparingly”, “using waste as a resource” and “not drawing down non-
renewables”. As this is a global issue I will consider low- and high-income countries
together.

We need to reduce non-renewable resource consumption. The way to do this
is to reuse much of the existing products in their current form and, if this is not
possible, to either remanufacture them back into a new product or recycle them
into usable feedstock. Studies in the UK have shown that to get to one-planet living,
all products will need to come from 80 to 100 per cent sustainable sourcing and
this will require regulated quality labels to show the impact of the product life cycle.
Manufacturers will need to be clustered using industrial symbiosis principles, which
means sharing resources and having integrated supply chain management. It has
been estimated in the UK that this can lead to a 75 per cent overall reduction in
the ecological footprint of products. Products can be taken back by manufacturers
and remanufactured or reused.

So, let us collect up all these ideas and see how a typical US city suburb could
be retrofitted to meet 80 per cent emissions reduction from 1990 levels towards
which Barack Obama aspires. Let us start in the street and then move to the
neighborhood.
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The introduction of dedicated cycle lanes and public transport would free up
garage space for more bedrooms and a higher density of people. Solar energy, wind
collectors and natural ventilation chimneys that could replace air-conditioning
could be introduced, as could the greening of hard standings to cool down the 
area, shade the buildings and slow water run-off. Land can be used for urban
agriculture, and local shops and markets opened up to sell local produce. Water can
be collected and stored for irrigation, which will also reduce run-off speeds. With
new technology, enough solar energy could be collected to make houses energy-
positive. Increased numbers of people and more of those people being around
during the day, as they work locally, will help community cohesion and family
support for young children. There will be space in houses for elderly parents to live
locally at lower cost and be able to support their grandchildren. Large cars will
disappear from streets and be replaced by public transport and cycle facilities with
walking pavements. Smaller electric cars will be available through car clubs –
charged up ready to go, greatly reducing car ownership costs. Infrastructure invest-
ment could be used to put in underground waste collection and the narrowing and
refashioning of local streets. Trees will be planted to cool pavements and lower heat
island effects. Maintenance costs of roads will be lowered. Public transport will come
down most streets and the whole landscape will be changed to be more intimate
and attractive, with more biodiversity.

In the city region a grid of public transport services and communication
systems which link higher density mixed-use developments within the suburb could
be introduced – a smart growth strategy. These can then be connected to intercity
high-speed rail and light rail intercity region systems. As a result, green corridors
can be built through the region for walking and cycling, and food can be grown
locally. In addition, community heat and power schemes can provide lower cost
efficient energy services including energy from waste.

All of this illustrates diverse and cooperative solutions, which will help to 
make city communities more robust, self-sufficient and have lower living costs.
There will be other benefits from cleaner air, lower healthcare costs and lower flood
risks, which can be factored in. In addition, the more efficient use of land will be
important to enable more land to be released for development to help finance
change.

On gathering and using energy, the retrofit scenario I have described involves
a combination of demand reduction, supply side efficiency and a progressive
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transition to more renewables; and it is one that the San Francisco climate change
plan anticipates.

Reducing transport energy use and emissions is a key challenge. A substantial
reduction in petrol and diesel use in private vehicles in urban areas will be necessary,
partly incentivized by the health benefits of improved air quality and lower running
costs. Battery and hydrogen fuel cell-powered vehicles for cars, vans, lorries and
buses will be part of the mix with hydrogen sourced from natural gas or other
sources. Car clubs will enable people to borrow vehicles when they need them but
public transport should become the preferred form of travel. Urban electric metro
systems are seven times more energy efficient than the average car with 1.5 occu-
pants. Energy consumed in goods distribution in urban areas can be reduced by 
70 per cent with the use of consolidation centers around the city perimeter, which
are accessed by intercity rail and road links. Deliveries can then be made from these
centers with zero emission vehicles.

A key to lower energy use in intercity travel is investment in a high-speed rail
passenger network (eventually running on renewable energy), as well as building
bus and car-share priority lanes on motorways, having improved information and
traffic management systems and, of course, improved vehicle and fuel technology.

We now have a viable high-speed rail network in Europe, and we know that
rail is a more attractive option where available than regional air travel for distances
up to 600km. Therefore, building high-speed rail lines through international airports
as well as major city centers will reduce regional air travel.

What about bio-fuels? European policy-makers are now reviewing their 
bio-fuel targets amid growing concerns of their social and environmental impacts
and high footprint. Second-generation bio-fuels from waste agriculture such as rice
husks, stalks of grain crops and CO2 absorbing algae are much more sustainable
with lower footprint. When first-generation footprint targets are introduced, I think
bio-fuels will reduce in attraction.

In addition, a program for improving the efficiency of power stations 
is currently under way and this, combined with the introduction of decentralized
heat/cooling and power facilities in urban areas, is an attractive model. Combined
heat and power (CHP) plants can run on gas or waste materials and biomass from
local sources. They can be combined with the use of ground source heat pumps to
serve a large area. It is estimated that 50 per cent of the reduction in emissions
from energy supply could come from this approach.

Looking beyond the short-term targets for renewables, a promising com-
mercial solution is a largely renewable power grid that would run on a combination
of concentrated solar power, wind power and waste. Hydrogen derived from
renewable energy sources could also provide part of the transport energy supply
and also act as a storage medium for renewable energy. This would require new
supply infrastructure such as that already being put into Shanghai with fuelling
stations around the city.

An early and quick way to accelerate ecological footprint reduction is to
provide information to customers in a form in which they can optimize their daily
lives to be as efficient and comfortable as possible. For example, optimized real-time
journey planning for public transport, in which someone could ask to go to a point
in a city within a given time and be given a plan based on where buses and trains
would be in real time, would transform safety and ease of public transport use.
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Retrofitting Cities

Some of the ways in which higher rise urban centers could be retrofitted include:

• New communication services would enable people to choose a much more
sustainable, low footprint lifestyle. For example, real-time travel information
would provide journey plans over a personal PDA, which can be checked on
arrival at bus or tram stops.

• We now know that cities of the future will be ones where we can live a cooler,
higher quality of life in harmony with the natural world with greening, food
production on roofs and energy collection.

• On pollution, there is a virtuous cycle between using waste as a resource and
not polluting the air, water and soil. Health costs would go down and bio-
diversity and carbon sinks go up. European legislation has been effective in
driving change but the one area that is lagging behind is in the recycling of
sewage and wastewater. If we do this, solid waste would be digested in
anaerobic digesters to provide energy and compost, and water would be
recycled for use to grow food.

• In addition, fitting water capture and grey water recycling systems into homes
would save 30 percent of household potable water consumption. It would
also reduce storm water run-off, as would green roofs, making this another
virtuous cycle.

• Retrofitting of buildings to reduce energy demand and increasingly to turn
them into power plants to collect energy on the façade and roof will become
the norm.

One issue that has to be addressed quickly is the reduction of carbon emissions at
coal power stations. Carbon capture and storage is one option that is being
developed, with underground storage being the preferred option. However, finding
the storage at the scale needed is difficult, and carbon dioxide has to go through
an expensive and energy-intensive liquefaction process. A more sustainable option,
which is still in the early stages of development, is to close the carbon cycle in a
shortened integrated carbon cycle (SICC). In this, carbon dioxide is cleaned and
separated from the flue gas and passed through a collection of bio-reactors in which
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light, nutrients and seawater allow different algae types to grow quickly and absorb
the carbon, releasing oxygen and in some cases hydrogen. Small pilot plants have
been created at the Massachusetts Institute of Technology to demonstrate the
viability. The different algae may then be sold – one type used as a fuel for energy
production in anaerobic digesters in local urban centers, another as a pharma-
ceutical product, another for oil production, and the hydrogen from the other 
bio-reactor can be used for transport. In this process the by-product has a value, so
we believe it has a good possibility of having a commercial future compared with
underground storage.

Low- and Middle-income Countries

The evidence base for the transition in developing countries comes from the eco-
city plans in China and the lessons learned from brilliant developments in Curitiba
and Bogota. In the case of low- or middle-income countries the key issue is how
they can directly move from an Agricultural to an Ecological Age, and leapfrog the
Industrial Age. Here are some initial thoughts:

• Urban developments can be designed as a collection of villages, each being
a compact mixed-use development with density of over fifty dwellings per
hectare.

• Developments can have green spaces, green roofs, trees in streets and high
bio-diversity reflecting the local ecology.

• Cultural history can be reflected through public spaces and architecture.
• A critical priority will be flood protection for people, infrastructure and also

protection of food production land. This can be built into the fabric of the
city and combined with the water management system.

• Walking, cycling and public transport running on renewable energy can be
the primary means of getting around with local stops for everyone. Goods
can be delivered with green vehicles too. Quiet, clean vehicles can mean quiet
places to relax in the city.

• Social services such as hospitals and schools can be located so that they are
accessible within the community.
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• Where there is no existing electricity grid, use of local renewable energy sup-
plies from solar, wind and waste biomass are very cost-effective for electricity,
heating and cooling. Waste can be used in future construction.

• Large-scale natural renewable energy sources locally can be used as well.
• Buildings can be designed to use very little primary energy and can be inte-

grated with the food production systems in the city.

All in all, these models show that cities can enable people to live a modern lifestyle
within environmental limits.

Policy

Now let us look briefly at policies that will drive the changes listed above. There are
three aspects of change to be addressed as we move to an ecological model of
economics:

1. natural capital is increasingly valued as the global economy reaches an
optimal scale;

2. a fair distribution of resources is encouraged;
3. efficiency is driven by the market in a way that reduces overall non-renewable

resource consumption.

Policy is clearly needed at a variety of scales – global, national and regional, with
the global being the most difficult.7 Political and technical leadership at a national
and local level has been shown to be absolutely critical for moving sustainable
development forward. The first step anywhere should be the establishment of a
clear, sustainable development framework with long-term objectives for social,
environmental and economic performance. High-quality planning and design can
then begin using modelling tools, such as Integrated Resource Modelling, to plan
the infrastructure and land-use changes necessary to deliver the outcomes. The next
stage is to establish the partnership and funding arrangements for delivery and this
is where engineers come in.

There is clear evidence that first movers in this transition all over the world
are gaining benefit both at a regional economic level and at a business level, and
so there is every reason to start now.

The C40 Clinton Climate Initiative is an example of a global partnership to
move urban centers in higher income countries in the direction set out in this paper.
They are creating global buying clubs to provide huge orders for new technologies.

Financing solutions will require long-term infrastructure partnerships between
public and private sectors and community groups and Non-Governmental
Organizations (NGOs) with funding partly coming from pension funds like the
public building retrofit programs now starting in US cities to reduce energy
demand.

We are only at the start of this journey and so learning, research feedback
and capacity building are essential. Arup is supporting the creation of a network 
of research institutes to help move this process forward. Initially there are four:
Thames Gateway, UK; Dongtan, China; Cape Town, South Africa; Melbourne,
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Australia. Each institute has outreach partnerships in the research community of
each country. We are currently discussing a Melbourne partnership with the West
Coast city of San Francisco in the US.

Closing Remarks

Let us return to those key questions. Yes, it looks as if there is a way of living a
modern, attractive lifestyle within environmental limits in 2050. A range of critical
infrastructure investments is needed with these limits and, with a comprehensive
change to manufacturing resource efficiency, the target of 80 per cent carbon
emissions reduction could also be achieved. I have set out a policy framework and
delivery methodology to help drive this forward with land-use planning being
essential before engineers can start delivery.

Engineers have global experience and are adept at multidisciplinary team
working, which will be so essential for success. We can design and deliver these new
integrated infrastructure systems but the task is huge. We will need to train and
motivate more young people to join this challenge and be the Brunels of the
twenty-first century.

I have shown a first glimpse of a way forward and what I hope is a credible
vision of the future. That said, it is only a modest start for a long journey. I hope
that presenting this paper around the world will enable the global community of
engineers to come together to understand what we need to do and inspire young
people to join us in this challenge. Without doubt this is the greatest challenge
humankind has ever faced.

Thank you.
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