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21st Century piety
Do you really want to be sustainable or just to feel good?

environmentalism

religious

extremism

political

correctness

New age 

spirituality

Vegetarianism

& animal rights

anti-capitalism

pacifismfitness

feeling of

inner worth



Environment: Be concerned but 

Donôt Panic!

2005 2010 2015 2020

Global average 

wealth Technology

Environmental quality

Expect many new technologies to help, but human footprint 

increases even faster as nations develop economically. 

Increasing environmental activism will often make things 

worse



Climate change
Cloud formation increasing

Pollution affects precipitation

Waste production Freshwater depletion

Consumers

more and richer

Residential
Industry

evolving fast

IT affects R&D, lifestyles

and consumption

Desalination

Ground water depleted

Resource
Use

Sea transport has been overlooked in CO2 emissions

Fish stocks severely threatened

Heat

Source

Wind and wave power

Some species can be resurrected

Cars changing a lot

Solar farms

Prevention of coastal erosion

Greenhouse gases



Global warming means more deserts



Climate change knowledge gaps
We still need to answer some real questions

We donôt really knowé
¶How the physical world works

ïall the contributors to and mechanisms for climate 

change, nor their magnitudes and interactions

¶How the human world works

ïPerception and response mechanisms

ïConsumption patterns

ïLifestyle and behaviour changes

ïMigration, longevity

ïPolitical influences

¶What future technology will we have, and use



Sustainable thinking
We need to think system wide and whole life cycle

¶ There have been negative effects from some environmental policies where 

full-system impact hasnôt been properly considered 

ï biofuels and carbon trading have both perversely incentivised deforestation and 

bog drainage

ï Biodegradable plastics are a big problem for plastic recycling

ï Riding a bicycle on a busy road can increase overall CO2 emissions as cars 

brake and accelerate to pass

ï Replacing CFCs by HFCs has made a huge warming contribution

ï Reducing pollution has reduced some significant cooling agents

ï Cleaner aircraft engines are increasing high altitude cloud cover and increasing 

warming impact of aviation

ï Spending too much too early will greatly reduce long-term impact

ï Ignoring technology progress means that inaccurately estimated long term 

problems are getting undue attention compared to short term quick wins such as 

addressing methane emissions



CO2 isnôt the only culprit
¶ HFCs saved Ozone layer but will be 

20% of global warming by 2050

¶ Methane is easier to control now so 

should be early target

¶ Need more research on water, 

especially vapour trails from air and 

space travel which may be very large 

warming contributor (D W Faulkner)

¶ Need better understanding of solar 

radiation interactions with atmosphere

HFCs

High altitude 

water 

vapour?

CO2 Methane

Nitrous 

Oxides

CFCs, 

PFC,SF6



Weather engineering

Monitoring

HAARP?

Custom 

DNA

Synthetic bacteria

Change shape and colour

Space based solar reflectors

Microclimate

control



When to spend?

¶We need to consider shorter term impacts more than longer term ones 

because technology has a much greater impact on costs of longer 

term solutions and we will also be wealthier in the far future.

¶Spending too much too early will greatly reduce long-term impact. UK 

is wasting Ã100Bn today on ófeel-good factorô wind farms but is 

squandering UKôs potential engineering contribution to solving the 

problem. No money left for real impact.

¶ Ignoring technology progress means that inaccurately estimated long 

term problems are getting undue attention compared to short term 

quick wins such as addressing methane emissions



What about the singularity?
(critical level positive feedback in technology development)

2020 2040

Normal tech progress

Invention curve can

go almost verticalTech level

0

Exponent increases rapidly 

as tech improves, 

especially as AI kicks in

2000

Implementation

rate is limited



Energy production

¶Geothermal and hydroelectric are good solutions where 

available

¶Fossil fuels need carbon capture and sequestration, or 

other CO2 avoidance, which adds high costs

¶Wind and wave depend on weather, so need backup 

capacity. Also mechanical so canôt reduce much in cost.

¶Nuclear is unpopular and expensive with little cost 

reduction capability

¶Solar needs storage to cope with nightfall, otherwise an 

excellent solution



Wind and wave v solar

Relative 

system cost

time
Photovoltaics has the potential to fall much further in the 

long term than other renewables

Wind and wave

Photovoltaic

Solar 

concentration



Energy - Solar Farming

¶Sahara: 9M sq km

¶Solar power = 
8.5kWh/sq m/day at 
12% efficiency

¶Over 600TW capability

¶Total human usage 
today = 13.5TW

¶The Sahara alone could 
supply 40x more energy 
than we need for the 
whole planet

Hydrogen

Electricity

Solar farms

Supercables



Price of oil 2030: $30 per barrel

¶1 Barrel of oil (at 6GJ/bl) is energy equivalent of a 1m2

solar panel in Sahara working for 6 months

¶Estimated revenue of that solar panel = $50/year 

depreciation + $10 profit

¶Therefore, max price of a barrel of oil in 2030 = $30

¶At some point the maximum obtainable price will fall 

below extraction cost, and the rest will be left in the 

ground.

¶Climate models should use greatly reduced estimates 

of fossil fuel use in the long term, not increased



A better world 

via cheap energy

Tissue-cultured meat

Water production
All-electric 

transport

Landfill

mining

Solar farming



!!

Sea level rise



Sea level rise

Likely to see at least 1m 

rise in sea level this 

century, dislocating 60M 

people. Even the EU cost 

is $600Bn. Rate is very 

uncertain because not 

enough is known about the 

causes, mechanisms or 

regional climate variation.

Direct infrastructure costs

Population dislocation and migration pressure

Floods and deaths



Coastal erosion
plastic reefs that become reclaimed land

Using cement/concrete 

blocks generates lots of CO2.

Using treated plastic blocks 

reduces both carbon 

emissions and landfill use



Sustainability: The Limits

Physical

resources

Energy

Organic 

and fossil 

resources

Land

Oceans and atmosphere

Land is limited until we have cheap 

space travel

Oceans and atmosphere need urgent 

attention

Energy is effectively unlimited

Physical resources just move around

Fossil resources can only be used 

sparingly

Organic resources are being depleted 

rapidly

Intellectual resources increase with 

population and education and AI

Social resources badly abused

Social and 

intellectual 

resources



Water consumption
(Source: Fred Pearce, Author of óWhen the Rivers Run Dryô)

¶ Growing 1 teaspoonful of sugar 6.25 litres

¶ Daily use per person in UK 150 litres

¶ Coffee beans for 1 cup of coffee 140 litres

¶ Growing 1 glass of wine 250 litres

¶ Growing 1kg potatoes 500 litres

¶ Growing 1kg of rice 3500 litres

¶ Growing 1 litre of milk 3000 litres

¶Growing 1 hamburgerôs worth of cow11000 litres

¶ Cotton production consumes entire rivers

There is plenty of fresh 
water, even in low 
rainfall areas. Trouble is 
capturing it.

Nano-bio convergence 
coupled with cheap 
energy will make cheap 
water desalination or 
condensation

New condensers recover 
pure water at 20c/litre, 
so needs lots more 
development to bring 
cost down

Water is also a climate threat. In the upper 
atmosphere, it may be more important than CO2. 
Air travelôs main impact might be via water 
vapour trails rather than CO2 output. One big 
area largely ignored in climate models so far.



Land sustainability

FoodEnergy

Physical

infrastructure

HousingNature

With increasing global 

wealth, we need to make 

more global effort to use 

limited land sensibly

i.e. use farmland to grow 

food and use deserts for 

energy

Donôt waste arable land 

growing biofuels.

Rainforests should be 

paid for by all countries as 

a global resource



Land and population density
the world isnôt overpopulated, but technology is 

still too primitive for us to live sustainably yet

England: 130,410 sq km, 61M people, 0.2H/person
(Los Angeles, at 0.1H/person is only twice as densely populated as England)

India: 3,287,000 sq km, 1130M people, 0.29H/person

Europe: 4,400,000sq km, 780M people, 0.56H/person

China: 9,300,000 sq km, 1300M people, 0.71H/person

USA: 9,286,000 sq km, 300M people, 3.1H/person

World: 149,000,000 sq km, 6500M people, 2.3H/person

Population of world at England density: 75Bn

Estimated world population in 2050:       9.5Bn



Physical resource sustainability

Faster and 

Faster

Reducing 

resource 

for given 

utility

Increasing 

population 

and wealth

People will demand a high quality of life so we 

have to learn to do more with less. No probs!



Growing enough food

¶GM can allow food to be grown in currently unusable 

areas. 

ïBy greening deserts, also helps climate

ïCan reduce pesticide use

ïCan increase yields

ïCan increase shelf life

¶Vertical farming can use several layers of farm within a 

city, just needs a good sustainable energy supply.

¶Fish farming is essential

¶Tissue cultivation for meat

ïCould make more meat from less land

ïLess methane, and fewer ethical problems



Global sea fish stocks

¶3% of fish stocks are underexploited

¶20% are moderately exploited

¶52% are fully exploited

¶17% are overexploited

¶7% are depleted

¶1% are recovering from depletion

¶So we need to manage them better and work on 

alternatives such as farming

¶Source UN Food and Agriculture Organisation



Transport sustainability
we need more advanced tech, not to go backwards

Technology level

Sustainability

& quality of

life

Slow, dirty, 

expensive &

inefficient

Slow, dirty, 

dangerous,

expensive 
Fast, clean, 

cheap 

safe, efficient

0-60 in 4s, 

quiet, zero 

emissions



Electric cars

Most manufacturers bringing out models already, but 
range is a big problem so far

Battery technology needs a lot of development, and 
is currently resource intensive, favouring direct 
electric supply

Batteries can also be used as storage for renewable 
energy

Fuel cells are still a ómaybe one dayô solution

Hydrogen fuel cells are very expensive so may never 
catch up with direct electrics, and hydrogen storage 
and distribution is problematic



Powered electronic roads

Pickup could of course be via induction

With computers driving, cars 
could be very close together 
both end to end and side by 
side, so up to five times more 
road capacity can be realised. 
Power consumption and 
speed also improve greatly.

Scalextric



Bicycle lanes could power bikes

On/off button

Metal plate and RFID chip

Linear induction motor mat stuck to road surface



óPacketisedô rail travel

Van Van

Ipswich Colchester Felixstowe Ipswich Woodbridge

Electronic

tethers

Pods assigned to destination on demand

Electronically driven and routed to destination

Automatically distanced from pods in front and rear

Enables much higher rail utilisation, lower congestion

Pods could continue on local roads using electronic paths

Rail occupancy today = 0.4%. It could be 80%!



IT sustainability
getting more utility for less resource

And it isnôt 

over yet!!!



Rapid IT obsolescence

Device size 

and power 

consumption

Number of 

devices

time
The faster we go through the obsolescence cycle, the 

smaller the overall environmental impact

Impact = device population x device impact

fast

slow



Electronic jewellery

Identification, 

security

Social status

Digital image 

augmentation

Communication, 

data distribution

Sensing

Medical 

monitoring, 

alarms

Any

form

Networking

Decoration

Tribal signalling

Digital bubble

Mobile 

website

Size and shape does not have to depend on function



Display evolution

Will also see lots of very large wall displays, coffee 

table displays, digital windows, recipe tablets etc



Travel and virtual worlds 

Future links to the nervous system will 

let touch be recorded and replayed, 

enabling people to communicate in a 

full-sensory way. You can have a 

business meeting on a nice beach.



If we want to substitute travel, we need 

very natural telepresence

Just how close can you get?

2010: Can touch

2025: Can link nervous systems

2040: Can link brains

2050:Can share enhanced 

consciousness in machine

2060: can share bodies too

2075: can merge completely



Fast road to sustainability

AI & Robotics

Human

Machine
Human

Machine

Today

Tomorrow

The information economy will 

move into the machine world 

Far future



AI evolution, not just humans 

will hold power in the future
¶AIs will have their own 

cultures and civilisation that 
will cross fertilise with ours

¶Sims will get much smarter!

¶Some AIs will migrate from 
cyberspace into the real world 

¶Some people might move into 
cyberspace ïretirement or 
suicide?

¶Cyberspace fauna and flora The Sims, EA Games



Terminator scenario?

If we create smarter-than-man machines, we risk extinction. 

Even if they are not malign, we may end up in the same 

bargaining position as ants on a building site.

If we can enhance or link human brain to the same level of 

intelligence, then such a capability gap will not occur.

We need a good brain-machine link before we can safely make 

smarter-than-man machines

V



Revaluation of human skills

Today, people often work as smart machines

Tomorrow, they will have to focus on 
interpersonal skills

Interpersonal skills increase as people age, 
allowing older people to do useful work, 

alleviating the pensions problem

We will see higher status for women too



Care economy

Value of

physical/

intellectual

work

Value of 

community &

social 

wellbeing

time

More face to face interaction, needing emotional and óhumanô skills

This may favour women and older people



Globalisation

2005 2010 2015 2020

Globalisation 

level

Digital 

networked

economy

Care economy
Ambient 

intelligence 

world

Machine intelligence 

changes nature of 

work. 



Sustainable Health
healthier at lower cost

Genetics/Proteomics

Nanomedicine

Active skin

Synthetic

biology

Permanent layer
Mid-term layer
Transfer layer

Detachable layer
Wearable layer

Skin
Epidermis

Dermis

Skin-based electronics can link blood 

chemistry and nerve signals to 

external computers and systems

Custom 

DNA

Electronic

jewellery


