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Efficiency is inside a box, Productivity is about networks

Productivity: networks, 
cascades, entire countries

Efficiency 
(e.g. miles 
per gallon  

or 
kilowatt/ 
lumen)
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Why care about resource 
productivity?

Because at our present level of resource productivity, 
the world will only feed and accommodate some 1.5 
billion people at OECD‘s average standard of living.

According to the Global Footprint Network, the 
allowed footprint per person is 1.8 hectares, 

and shrinking, as population grows.



So let‘s have a look at the 
Ecological Footprints challengeEcological Footprints challenge



Bioproductive segments
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low-pro-
ductivity
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Footprint components

Energy    Built-up  Waste Food              Raw materials
(renew. equiv.) absorption
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The distribution is unequal. There are
ecological creditors and ecological debtors



Ecological Footprints:

How many Earths would 
we need to accommodate
6.5 billion people living6.5 billion people living
US, Brazilian or Malawi

lifestyles?



But then, people having the choice 
would rather go for US than for 

Malawi lifestyles.



But then, people having the choice 
would rather go for US than for 

Malawi lifestyles.

‚Lifestyles‘ is too vague as an indic-‚Lifestyles‘ is too vague as an indic-
ator. Let‘s instead go for the Human 

Development Index (which is still much 
lower in Malawi than in the USA)



A sustainable society has
small ecological footprints and 

a high Human Development Index (HDI)
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Empirically, only one country is both socially and 
ecologically „sustainable“ 

Cuba



Sustainable development has a 
chance if we learn to extract 

roughly five times more roughly five times more 
‚human development‘ wealth

from one hectare of a footprint.



Roughly the same holds for the 
climate challenge and for material 

resources: resources: 

If we reduce our carbon footprints 
or our ecological rucksacks five 
fold without sacrificing wealth, 

much the problem would be solved!



Friedrich Schmidt-Bleek,

former Vice President, 
Wuppertal Institute, now
President, Factor Ten 
Institute in Carnoules, 
Southern France, says we need Southern France, says we need 
at least a factor of ten of 
improving material resource
productivity (reducing mater-
ial intensity tenfold).



Let us briefly look at the nature of 
the climate challengethe climate challenge



Correlation between CO2 (blue) and (Antarctic) 
temperatures (red) over 650.000 years



The third parameter going with CO2 concentrations 
is the sea level



Italy during  the .... and during the last
last Ice Age (20 000 Hot Age (2 million
years ago) years ago)



Also the US is 
vulnerable.vulnerable.



Sea level rise can take catastrophic speed! 
(after Michael Tooley. Global sea-levels: floodwaters mark sudden rise. Nature 342 

(6245), p 20 - 21 1989) 



. 

Freshwater lakes on Greenland 
during Summers 1992 and 2002



To stabilize greenhouse gas concentrations, emissons have to 
be cut in half, - but the world is heading for a doubling!



But then 
there is 
the equity 
problem! CO2-

emissions

Source: worldmappers.org

Population



Indian PM Manmohan 
Singh advocates per 

capita equal emission 
rightsrights



So did German 
Chancellor Angela 

Merkel, at the 
2007 Nikkei 2007 Nikkei 

Symposium in 
Tokyo



The obstacle: Mainstream thinking in developing 
countries (and in the USA) is: 

Let’s become rich first and then care about pollution



The obstacle: Mainstream thinking in developing 
countries (and in the USA) is: 

Let’s be rich first and the care about pollution
And here is the paradigm supporting that thinking 

The Kuznets curve of pollution



Conventional growth strategies make things 
worse, not better.

We just have to become serious about We just have to become serious about 
decoupling well-being from resource use!!



The EU‘s concept of decoupling wealth from impacts



The EU‘s concept of decoupling wealth from impacts

(meaning they do 
accept growing 
resource use!)



Let me suggest, as Schmidt-Bleek does, 
that resource consumption is ecologically 

problematic anyway, i.e. that the strategies 
of „greening resource consumption“ tend to of „greening resource consumption“ tend to 

be treacherous!



A case in point is Biofuels, which 
were heralded for a while as an 
answer to global warming (or to the 
US nightmare of oil dependence).US nightmare of oil dependence).

Biofuels can be 

• an environmental nightmare,
• economically problematic,
• socially disruptive.



• Environmental nightmare  (palmoil plantation)



Economically problematic:
Why pay €100 if the market price for a one ton permit of CO2 emissions is ca  €20?

low high estimates



Socially disruptive:
Mexican corn prices for tortillas doubled due to fuel demand



Even in the USA 
people begin to 
see that the 
biofuel hype 
carries more cost 
than benefits



The win-win options relate to efficiency, not renewables

Source: McKinsey & Vattenfall 2007



Imagine a bucket 
of water weighing 

ten kilos.

How many 
kilowatt-

hours
would you need to 

lift that bucket 
from sea level

up to the top of 
Mount Everest? 



Knowing that one Watt-
second (Ws) is equivalent to 
one Newton-meter, (1 Joule) 

the answer is: 

1 kwh

the answer is: 

One quarter of a 
kilowatt-hour!
(= 900.000 Ws)



“Factor Four” (1995) offered fifty examples of 
quadrupling resource efficiency/productivity



Amory Lovins‘ Hypercar is up to seven times more fuel 
efficient than today‘s cars

Hypercar
120-150 mpg

Today‘s cars
20-30 mpg 120-150 mpg20-30 mpg

Energy efficiency



Solar „passive houses“ save 90% of heating costs

Energy efficiency



From incandescent to fluorescent lightbulbs

Energy efficiency



And from fluorescent light bulbs to solid state lighting

Energy efficiency



Modern Japanese steel can be 4 –10 times more resource efficient

Energy & material efficiency



Typically, however, a factor of four 
is unattainable if we look at 

efficiency of simple processes.

Bigger gains come in when 
optimizing complex systems. Here, 

we talk about productivity



Remember: Efficiency inside a box, Productivity is networks

Productivity: networks, 
cascades, entire countries

Efficiency 

(e.g. miles 
per gallon  

or kilowatt/ 
lumen)



Strawberry yoghurt logistics: 1500 instead of 8000 kilometres 



From urban sprawl to high density cities 

Space and energy efficiency



Seasonal diets, organic farming, a little less meat

Energy & water efficiency



Video conferences can replace some business travel

Energy- and material efficiency



Entire webs of economic activity can increase productivity 



Also the 3-R‘s strategy Reduce, Reuse, Recycling
implies systemic and cascade changes.

This is the picture from the OECD Sythesis Report



In Japan,
the new 
catchword 
is the is the 
“Cyclical 
Economy”



The sequel to Factor Four will be published in 2009 
and will be called

Authors: Ernst Ulrich von Weizsäcker, 
Charlie Hargroves and Michael Smith (Brisbane)



The sixth Kondratiev: Resource productivity
(after Charlie Hargroves, Brisbane, Australia)

Electricity,

TV, aviation, 
computers,

Biotech
IT

Resource 
productivity, 
renew. energy, 
system design, 
remanufact., 

Mechanization

Steel &
railroads

Electricity,
chemicals,cars

remanufact., 
biomimicry 



Changing technological paradigms

Old:
Increasing 

New:
Increasing Increasing 

labour 
productivity

Increasing 
resource 
productivity



So far, that‘s a dream! Resource 
extraction and consumption 

go up and up and up!go up and up and up!



Global Resource Extraction (Source: OECD Sythesis Report)



In the past, all efficency gains were 
overcompensated by additional 

consumption! consumption! 



This is called the rebound effect

It was first described by William 
Stanley Jevon in his 1865 book, 
The Coal Question, where he 
observed that England's 
consumption of coal soared after 
James Watt introduced his coal-
fired steam engine, which greatly 
improved the efficiency of 
Thomas Newcomen’s earlier 
design. 



Since the 1980s, the rebound effect 
is often called the 
Khazzoom-Brookes Postulate. 
Daniel Khazzoom and Nel Brookes 
observed that all the efficiency observed that all the efficiency 
gains of the 1970s were 
overcompensated by additional 
consumption, notably after the oil 
prices came down again.



• be more ambitious than Factor Four;
• include renewables (in small amounts);
• address systems and cascades;

will

• address systems and cascades;
• have a focus on Asia;
• and will address Khazzoom-Brookes and

economic instruments to curb 
resource consumption!



Why economic instruments?

They are needed to put an increasing price 
tag on resource consumption. 

Otherwise, according to Khazzoom-
Brookes, resource consumption will further 
increase, and no real decoupling will take 
place.



Prices of industrial commodities & energy, in constant dollars

Today, everybody is talking about rising resource prices. That‘s a 
deception. For 200 years resource prices were falling. The new price 

hikes just brought us back into the trend‘s confidence interval!

The last 
5 years



Of course, there will be some real price 
hikes, eg with oil and gas, perhaps also 
molybdenum, or indium. 

But overall, I see no limits to resource con-But overall, I see no limits to resource con-
sumption unless we artificially work on it.



Efficiency can be steered by regulation, productivity needs 
economic instruments Productivity: economic 

instruments e.g. ETS or 
ecol. tax reform.

Efficiency: 
Regulation

CAFE 
standards



If labour productivity has increased 
twentyfold since 1850, it is not utopian to 
think of resource productivity increasing think of resource productivity increasing 

fivefold in 50 years and tenfold in 100 years!



What was the main driving force for the twenty fold 
increase of wages?

Economists would say it was labour 
productivity.

And what was the main driving force for the twenty-
fold increase of labour productivity?

Economists would say it was labour cost.



Labor poductivity rose in parallel with labor costs



Labor poductivity rose in parallel with labor costs

This suggests a strategy of actively elevating 
energy prices in parallel with energy productivity increases
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Long term price elasticity is high even with petrol

Source J.Jesinghaus, 
in Weizsäcker & 
Jesinghaus 1992



High energy prices need not hurt the economy



The Chinese Vice Minister for the 
Environment, Pan Yue, gave a programmatic 
speech in December, 2007 advocating an 
ecological tax reform and other economic 
instruments for the environment. As one 
consequence, an international Task Force consequence, an international Task Force 
Economic Instruments for the Environment 
and Energy Efficiency
was established by the China Council. 

I was appointed Co-Chair of the Task Force.



is offering the position 
of a full professor of 

resource productivity / 
industrial ecology.

The Donald Bren School for Environmental Science and Management 
Univ. of Calif., Santa Barbara (an elite campus with 5 Nobel Laureates)

Inquiries:
glibecap@bren.ucsb.edu

or 
ernst@bren.uscb.edu



Efficiency and productivity are great, 

but there is also a case for  Sufficiency

To comprehend the scope of suffciency, To comprehend the scope of suffciency, 
let‘s have look at 

Economic growth in the kitchen



Economic growth in the kitchen



Economic growth in the kitchen



Economic growth in the kitchen



And now the Sunday dinner!


