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CHANGE or COLLAPSE?
TRANSFORMING SOCIETY                        

and the                                           
NEW ENGINEER

• The traditional engineer’s worldview

• A Complex world

• An unsustainable societal construct

• Time for a New Engineer?

• Sustainability and reducing unsustainability

• Some possible directions 



MASTERS OF THE UNIVERSE

“It is possible to reach a kind of knowledge which will be of the utmost 
use to men ..and thereby make ourselves the lords and possessors of 
nature” (Descartes, 1638) 



AGE OF ENLIGHTENMENT
Replace dogma with approach characterised by humanist, rational,
deductive, deterministic, detached, object world

Positivistic approach: ‘universal truth’ can be found through the 
scientific method. 

..We can understand world around us by breaking it down into ever smaller 
discrete parts, each of which when thoroughly understood and described 
can then be fitted together to make sense of the whole.  



Humanities
History                         
Languages and linguistics                
Literature                     
Performing arts                 
Philosophy                        
Religion                               
Visual arts 

Social sciences
Anthropology 
Archaeology 
Area studies 
Cultural and ethnic studies 
Economics 
Gender and sexuality studies 
Geography 
Political science 
Psychology 
Sociology 

Natural sciences 
Space sciences 
Earth sciences 
Life sciences 
Chemistry 

Physics

Formal sciences
Computer sciences 
Logic 
Mathematics 
Statistics 
Systems science 

Professions and Applied Sciences
Agriculture 
Architecture and design 
Business 
Divinity 
Education 
Engineering 
Environmental studies and Forestry 
Family and consumer science 
Health sciences 
Human physical performance and recreation 
Journalism, mass media and communication 
Law 
Library and museum studies 
Military sciences 
Public affairs 
Social work 
Transportation 

REDUCTIONIST APPROACH
Each discipline has its own expert conception 
of the world, their own ‘object world’



DEFINITION OF ENGINEERING:
“The art of directing the great sources of power in nature for the 
use and convenience of man.” (Thomas Tredgold, 1828)

“the profession in which a knowledge of the mathematical and 
natural sciences gained by study, experience and practice is applied 
with judgment to develop ways to utilise, economically, the materials 
and forces of nature for the benefit of mankind”

(Engineers’ Council for Professional Development, 1979)

‘lords and possessors of nature’through rational, deterministic, detached, objective reality

http://www.flickr.com/photos/timconnor/600635217/


…AND BEYONDINDUSTRIAL REVOLUTION
“teem over the earth and subdue it”

Genesis: 9, 7

1850 1900



THREE GORGES DAM, CHINA

2.2km

175m
660km

First envisioned: 1919
Approved: 1992   Cost: €30 bn
Fully operational: 2011



e.g. Dam design h?

H?

W?

β?β?

ENGINEERS LIKE STAIGHTFORWARD TECHNICAL 
PROBLEMS

“Deal only with ideas that are 
distinct, precise, beyond any 
reasonable doubt; therefore 
rely on geometry, 
mathematics, quantification, 
measurement and exact 
observations.”

(Descartes) 



COMPLICATED 
SYSTEMS

SIMPLE 
SYSTEMS

Pump-Pipeline System 

HVAC System 

Nuclear Plant

Bicycle



CHARACTERISING (BOTH SIMPLE AND 
COMPLICATED) SYSTEMS

A Reductionist Systems approach is valid and appropriate 

for these systems

Model*Input 
Factors

Output(s)

System outputs may be 
deterministically predicted.      
System uncertainty is 
expressed in terms of output 
probabilities

*May incorporate degree of uncertainty as a result 
of incompleteness of theories or model or  
due to unknown values for input factors or 
for their inherently  uncertain or random nature



SIMPLE AND 
COMPLICATED 
SYSTEMS

COMPLEX 
SYSTEMS

System outputs can be 
potentially predicted once 
input factors and their 
relationships are known.

Reductionism valid to 
predict outputs (& 
respective probabilities) 

Once fully characterised, 
system can be controlled 
and managed

Characterised by 
SYSTEM LEVELS
& EMERGENCE*

* “Sum greater than the parts.”

“If it can’t be counted, it doesn’t count”

‘Governance’ of systems is more 

appropriate than deterministic 

control/management.       



Characterised by irreversible
BIFURCATION events (tipping points)

COMPLEX SYSTEMS

initial 
State 

potentially 
new State

Bifurcation 
point; 

Collapse



Characterised by long term ‘predictable’ behaviour followed by 
sudden CATASTROPHE/COLLAPSE

Not possible to model/predict exactly 

when earthquake, avalanche, 

economic collapse, nuclear accident, 

traffic pile-up will occur.      

COMPLEX SYSTEMS



Economist (May 2003): “Given the fragile state of many economies, the 
bursting of a housing bubble could easily drag them into recession 

..Sooner or later it will burst.”

NON LINEAR; while system collapse may be anticipated, proximate 
cause (‘straw that breaks camel’s back’) and timing may not

COMPLEX SYSTEMS



Characterised by UNKNOWN 
UNKNOWNS (inputs)

+

+

SIMPLE AND 
COMPLICATED 
SYSTEMS

COMPLEX 
SYSTEMS

“If it can’t be counted, it doesn’t count”

“There will always be ‘unknown 
unknowns’ whose discovery is 
painful. This is now recognised as 
‘the law of unintended consequences’
or ‘Murphy’s Law’. Systems that are 
designed in ignorance of this 
‘flipside’ are fantasy, doomed to 
failure.” Ravetz, 2006

http://www.socialnerve.org/art/latuff/Rumsfeld.jpg


May be TIME and SPACE dependent; 
HISTORY and CULTURE important

SIMPLE AND 
COMPLICATED 
SYSTEMS

COMPLEX 
SYSTEMS

+ Sold 300 
units p.a.=

+
Success or 
Failure?=

Electric Cars

* Human effects; legislation, context, 
infrastructure, technological services,  
cost, culture, perception, unk unk’s

*

*

EV’s to be launched in 2010 & 2011

Toyota RAV EV; Withdrawn 2003



+

+

+
Annual 
Road 
Deaths

Characterised by UNKNOWABLE 
POSSIBILITIES (outputs)

Nuclear 
Accident

Economic 
Growth/ 
Collapse

Water 
Supply/
Demand

?

+

Characterised by PROBABILITY

% 
failure

% 
failure

% 
failure

Economic 
Growth

‘Homo 
Economicus’

Modelled 
Economy +

SIMPLE AND 
COMPLICATED 
SYSTEMS

COMPLEX 
SYSTEMS

Real 
Economy

=

=

=

=

=

?

?

?

?

?

?



SOME WISE WORDS..
“It can scarcely be denied that the supreme goal of all theory is to make the 
irreducible basic elements as simple and as few as possible without having 
to surrender the adequate representation of a single datum of experience.”

Often paraphrased as: 
Everything should be made as simple as possible, but not simpler.

Albert Einstein (1934)*
*Philosophy of Science (1934), Vol. 1, No. 2. pp. 163-169

“When you study open complex systems involving self-conscious human 
beings, you encounter divergent problems beyond the power of the Cartesian 
model alone to solve. 

Scientific method is very powerful but alone it cannot solve all our problems. 
Some problems are so complex and so difficult they can only be successfully 
confronted by all the human powers we can muster”

William Reville (2001)**  
**The Irish Times, Feb. 8, 2001, p. 15



SOME COMPLEX SYSTEMS
Biological Systems/ & their Environment (Biocomplexity)
Fluid mechanics; turbulent flows 
Microprocessor design / the limits of computing
Nanomaterials
Natural Ecosystems
Natural disasters (earthquakes, hurricanes, tsunamis)
Powder/granular jamming & Avalanches
Society, the Economy, States and Organisations
Sustainability
The Brain and the biological basis of conciousness
Transport Systems
Utility Distribution/Consumption Systems 
Weather & Climate

..in short, many areas in which Engineers operate!



Complex 
Systems 

(top down whole 
systems approach 

required in addition to 
sub systems analysis)

Non Complex Systems   
(Quantifiable; Integrate sub systems to 

characterise)

Engineers 
are most 

comfortable 
in this 

domain 

SOLVING PROBLEMS

Know, 
Quantify, 
Predict,   
Solve, 

Control, 
Manage

Engineers will often seek to characterise problems which involve Complex 
Systems as Non Complex ones in order to elicit Quantifiable solutions; 
particularly when they happen to be ‘Wicked’ problems (Rittel and Webber, 
1973)

Understand, 
Describe, 
Resolve, 
Govern



http://www.watersupplyproject-dublinregion.ie

2007: 

540 Ml/day 
among 1.429m      
=378 l/p/day

2030/1: 

800 Ml/day 
among  2.189m    
=365 l/p/day

Supply/Demand       
< 3.3%/p/day 
overall     
(Domestic use 
assumed to 
remain at 145 
l/p/d)

DUBLIN WATER:                      
A COMPLEX PROBLEM OF SUPPLY AND DEMAND

http://www.watersupplyproject-dublinregion.ie/




http://www.watersupplyproject-dublinregion.ie



http://www.watersupplyproject-dublinregion.ie



Supply: Reduce leaks from 30% (2008) to 20% (2030)  

Climate change estimated to reduce supply by ca. 10%

Demand: Commercial metering

Water efficient appliances in new developments

Awareness Campaigns

Rainwater Harvesting

Waste water reuse

“growth in the use of domestic appliances, such as dish-washers 
and power showers, may result in an increase in PCC”.

Domestic metering (not factored in ‘because of uncertainty’)

Reduce by       
15-20Ml/d       
by 2030 =       
<2.5% reduct’n

REPORT ASSUMPTIONS:



THE BIGGER PICTURE 

THE WORLD IN WHICH ENGINEERS PRACTICE. 
..WHAT KIND OF WORLD DO WE INHABIT?



WHICH IS WHICH?

The economy

&

The environment?
B

A



A) The environment 

B) The economy

Material and energy 
transfer between 
economy & environment

B

A

..what next??Natural Resources

Waste



THE ‘THREE SPHERES MODEL’:
ECONOMY ⊂ SOCIETY ⊂ THE ENVIRONMENT



A FOURTH SPHERE: APPROPRIATE REGULATION



“Civilization is based on mass production
..followed by mass consumption

..and mass disposal.” Arai & Smith, 2008

This manifests itself 
in a “Throw-
Away” Philosophy.

There is now a clear 
need to develop a  
“Just-Enough”
Philosophy”

CONSUMPTION, CONSUMPTION, CONSUMPTION



Beyond the Boundary. The inner green shading represents the proposed safe operating space 
for nine planetary systems. The red wedges represent an estimate of the current position for each 
variable. The boundaries in three systems have already been exceeded.

Rockström et al, 2009, Nature, 461, 472-475 (24 September 2009)

A SAFE OPERATING SPACE FOR HUMANITY



INTERNATIONAL SCIENTIFIC CONFERENCE ON 
CLIMATE CHANGE COPENHAGEN 2009, 10-12 MARCH

“Recent observations show that many aspects of the climate are changing near 
the upper boundary of the IPCC range of projections.”

“A 2oC guardrail, which was thought in 2001 to have avoided serious risks,         
is now inadequate to avoid serious risks to many unique and threatened 
ecosystems and to avoid a large increase in the risks associated with 
extreme weather events.”

“The risks of large scale discontinuities, such as the tipping elements, were 
considered to be very low in 2001 for a 2oC increase but are now 
considered to be moderate for the same increase.”

“Atmospheric CO2 concentrations are already at levels predicted to lead to 
global warming of between 2.0 and 2.4°C”



“We have got to deal with increased demand for energy, increased 
demand for food, increased demand for water, and we've got to do that 
while mitigating and adapting to climate change.

..And we have but 21 years to do it.”

(UK Government Chief Scientific Advisor) Beddington, 2009

“I don't think the American public has gripped in its gut what could 
happen. We're looking at a scenario where there's no more agriculture
in California. I don't actually see how they can keep their cities going.”

(US Secretary of Energy) Chu, 2009

AN UNSUSTAINABLE SOCIETAL CONSTRUCT  



The problem with ongoing unsustainability

habitat extinction

severe weather events

flooding

sea level rise

drought

food shortages

famine species extinction

water shortages

is that, like vehicle with ongoing lack of control, it is destined to 
eventually crash!

…unless a brake is applied in timely fashion.

accelerating 
climate change

“The human species is on a 
brutal collision course

with its natural environment”
Pereira, 2009

AN UNSUSTAINABLE SOCIETAL CONSTRUCT  



Water

Energy

Food

Climate 
Change

Unsustainable        
Societal Construct

Food has high water 
percentage; agriculture 
main user of water

Food 
production 
requires energy

CC affects food 
production

Water 
treatment and 
distribution 
requires energy

CC affects water/precipitation

Tackling effects of CC 
require more energy

CC means 
threats/opportunities to 
energy; oil/gas in north 
pole, damage energy 
installations

Water can provide 
energy (hydroelec.)

Water is GHG; Drying 
lakes affects local CC

Burning fossil fuels 
causes CC

Demand exceeding 
supply

CC advances 
ecological/societal/economic collapse



Continuing Growth in Global Water Demand

Prof. David Wood, Opening Plenary, World Congress of Chemical Engineering 
Montréal, August 2009

“Water – that’ll be the next war over water!”

WATER



WATER

“Water equates to energy, particularly in Las Vegas, where it 
has to be pumped several miles from Lake Mead and then back”

(Las Vegas Sun)



Elevation of Lake Mead @ Hoover Dam (August)
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36.7m drop

Source: US Bureau of Reclamation

Question:                        
Does the role and 
ethical responsibility of 
the engineer end here?



Three Gorges Dam, 
China

Major feat of (traditional) Engineering: 

World’s largest power station (100 TWhr/annum: Hoover Dam 
x 20) but…

WATER



Dam water level

1.24 million people displaced (protests & riots)

WATER



AP Photo/Ng Han Guan, File 

Deforestation, Erosion & Huge Pressure Changes/Soil Stress: 
Increased landslide risk –(€20bn extra cost)                  
(Original cost of dam: €30bn)

Dam built on seismic fault

WATER



FRESH WATER SHORTAGES ARE NOT THE ONLY 
ISSUE WITH WATER…

The 200 populated islands of the Maldives have a population of over 300,000 
and highest natural point is 2.3m above sea level.
Above: Malé (5.8 km2; capital of Maldives: pop 103,000)  

..and the airport 
island of Hulhule



TIME FOR A ‘NEW ENGINEER’?

“In the U.S., until about 1930, there was a growing expectation that                  
engineers would or could be the new “leadership class.”
President Hoover epitomized this and his contributions to large scale engineering 
and management certainly contributed to this view. 
The expectation in the 1930’s was that social aspects would become important in 
engineering. This has not occurred, and the public’s expectations for 
technological solutions today could be characterized as profound skepticism.”

Kelly, 2008

“One conception is to view professions as being value neutral, with the values 
directing them coming from outside. On this model it follows that engineers can 
and should be guns for hire.

The other conception is to view professions as enterprises committed to a social 
good. 

The profession of engineering is not value neutral.” Bucciarelli, 2008



TIME FOR A ‘NEW ENGINEER’?

“The management of complex natural and social systems as if they were simple 
scientific exercises has brought us to our present mixture of triumph and 
peril. 

We are now witnessing the emergence of a new approach to problem solving
strategies in which the role of science, still essential, is now appreciated in its full 
context of the uncertainties of natural systems and the relevance of human 
values.” Ravetz, 1999

“There is a need to provide young engineers with an understanding of the 
social context within which they will work, together with skills in critical 
analysis and ethical judgement and an ability to assess the long-term 
consequences of their work.

The current transformation to the new engineer is necessary to ensure that 
future generations will be served as well as past generations have been by the 
engineering profession.” Beder, 1999



A new engineering paradigm to be fit for purpose 
for the 21st Century! 

From ‘lords and possessors of nature’ to ‘being part and parcel’ of it.

From sustainability being a constraint on professional practice to being its 
very context.

Recognise complex and wicked problems and learn to deal with them as such 
where appropriate, rather than through a reductionist approach.

Embrace role of the New Engineer/the New Model Engineer/engage in post
normal science

From narrow role as ‘value neutral’ paid hands who are facilitators of techno-
economic development, to a wider role envisaging the broader societal and 
ecological context, working in trans-disciplinary teams, and seeking to 
promote change ‘to make the world a better place’.



From ‘design with constraints’

..to being the context of engineering practice
1997 Joint Conference on Engineering Education and Training for Sustainable 
Development, Paris: 
Sustainability should be “integrated into engineering education, at all levels 
from foundation courses to ongoing projects and research”
Professional engineering institutions need to “adopt accreditation policies
that require the integration of sustainability in engineering teaching”.

ABET, 2007: “an ability to design a system, component, or process to meet 
desired needs within realistic constraints such as economic, environmental, 
social, political, ethical, health and safety, manufacturability, and
sustainability.”

problem 
description

engineering
design

sustainability

SUSTAINABILITY



THE PROFESSIONAL INSTITUTIONS 



SUSTAINABILITY

...An emergent unquantifiable property of a complex 
global system

“SUSTAINABILITY IS THE POSSIBILITY THAT 
HUMAN AND OTHER LIFE WILL                        
ON THE PLANET FOREVER”

EHRENFELD, 2008



Sustainable 
Development

Achievement 
of 

Sustainability

(current) 
Unsustainable 

Societal 
Construct

time

“Almost everything being done in the name of sustainable                  
development addresses and attempts to reduce unsustainability.

But reducing unsustainability, although critical, will not          
create sustainability.”

Ehrenfeld, 2008

SUSTAINABILITY & SUSTAINABLE DEVELOPMENT



SUSTAINABILITY & SUSTAINABLE DEVELOPMENT

Stasinopoulos et al, 2008                        
(Adapted from Lovins, 2002)



SUSTAINABLE DEVELOPMENT; FORECASTING

2nd Gen               3rd Gen

CO2 (g/km) 104 89

Fuel Efficiency (comb., l/km) 5.0 3.9

Mass Battery 45 44

Length/Width (m) 4.45/1.725 4.46/1.745

Kerb weight (kg) 1317 1379

Power (kW) 82 100

Toyota Prius 2nd Gen 3rd Gen    Plug in Hybrid                      
(2004-9) (ex 2010) (ex 2011)

Improved 
Efficiency

More 
material 
and energy: 
‘Rebound’



BACKCASTING;                                                 
TOWARDS POSSIBLE SUSTAINABILITY

Nissan Leaf 
ex 2010

Renault Fluence Z.E.   
ex 2011

Mass Produced Electric Vehicles



BACKCASTING;                                                 
TOWARDS POSSIBLE SUSTAINABILITY

Tollefson (2008), Nature, 456, 436-440

The 10’s; Decade of the Electric Car



BACKCASTING: SUSTAINABLE LIVING

Pereira (2009) Renew Sus Energy Rev, 13, 1133-1137.



BACKCASTING: SUSTAINABLE RECREATION

Doorly Park, Cleveragh, Sligo (opened 2008)
(http://www.playneos.com)

http://www.playneos.com/


Professor Gerhard Kreysa, 
Chief Executive of DECHEMA at the 8th

World Congress of Chemical Engineering, 
Montreal, August 2009

1. CH4 → 2H2 + C

combust to generate 
Electricity (+ water)

2. Grow about 1/3 
extra trees

TWO BIG IDEAS

..then bury them!

re(bury)

BACKCASTING: SIMPLE SOLUTIONS TO COMPLEX 
PROBLEMS



“The problem of global climate change is one that affects us all and 
action will only be effective if it is taken at the international level. It is 
no good squabbling over who is responsible or who should pay. Every 
country will be affected and no one can opt out. Those countries who 
are industrialised must contribute more to help those who are not.”

“Even an entire society, a nation, or all simultaneously 
existing societies taken together, are not owners of the 
earth, they are simply its possessors, its beneficiaries, and 
they must hand it down it to succeeding generations in an 
improved state.”

“It is becoming more and more evident that the issue of environmental 
degradation challenges us to examine our life-style and the prevailing 
models of consumption and production, which are often unsustainable 
from a social, environmental and even economic point of view. We can 
no longer do without a real change of outlook which will result in new 
life-styles”

Margaret Thatcher, UK PM, Nov. 8, 1989.

Pope Benedict XVI, Jan. 1, 2010.

Karl Marx (Das Kapital, v. 3, ch. 46), 1867 

FROM THE GREAT AND THE GOOD..



FROM THE GREAT AND THE GOOD..

Different world views; but all share a desire to work for the benefit of humankind
Perhaps it behoves engineers to do likewise through the 21st Century!



http://www.ucc.ie/isee2010

http://www.ucc.ie/isee2010
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