
Putting technology and societal dynamics 
within a biophysical perspective:  
Is “more of the same” a sustainable perspective? 

Mark T. Brown 
Center for Environmental Policy 

University of Florida 
FL, USA 

Sergio Ulgiati 
* Department of Science and Technology 
Parthenope University of Napoli  
Italy 
* School of Environment 
Beijing Normal University,  
China 

CERN Colloquium 
Geneva, 09/04/2015 



2 

More of the same… 
At societal level: 

More parking lots help solve the traffic problem 

GMOs help solve the worldwide nutrition problem 

Antibiotics cure all infection diseases 

Monetary liquidity facilitates growth 

High Speed Trains help trade and mobility 

Within the energy field: 

Renewable energies can fully replace fossil energies 

Efficiency decreases energy and material consumption 

The end of fossil fuels age is beyond the corner 

Fossil fuels prices keep increasing 

Biomass fuels are renewable and will replace fossil energy 



“More parking lots help solve the traffic problem” 

The expectation to be able to find 
a park for their car makes 
commuters more available to drive 
to their work place. 

This increases: 
•  Road traffic 
•  Demand for new and better 

roads 
•  Fuel consumption 
•  Airborne emissions 

Decreases the economic 
profitability of mass transport, that 
becomes “optimized” only over 
the most profitable lines and times 

And ultimately 
translates into a higher 
demand for new parking 
lots to host more cars 
coming. 



“GMOs help solve the worldwide nutrition problem” 

According to our results, GMOs do not provide higher yields 
compared to conventional intensive agriculture, do not decrease 
resource investment, do not increase pest resistance, do not 
provide higher income to farmers, do not decrease land cropped, 
do increase business of biotech seed companies and international 
trade corporations. 
Rótolo, G.C., Francis, C., Craviotto, R.M, Ulgiati, S., 2015. Environmental Assessment of Maize Production 
Alternatives: Traditional, Intensive and GMO-Based Cropping Patterns. Ecological Indicators, in press. 



“Antibiotics cure all infection diseases” 

The Epidemics of antibiotic-resistant infections - Clin Infect Dis. (2008) 46 (2): 155-164 

A recent UK-
Downing Street report 
warns about the 
emergence of 
antibiotic-resistant 
Infections 
(Escherichia coli, 
Klebsiella 
pneumoniae, 
Staphilococcus 
aureus). Premier 
Cameron warns of 
medical 'dark ages 
and calls for more 
research on new 
antibiotics.(July 
2014, http://
www.bbc.com/news/
health-28098838 



“Monetary liquidity facilitates growth” 



The XXI century economy is dominated by the financial 
sector, which makes GDP grow and decline and provides 

constraints to Governments.  

Brown and Ulgiati, 2012, The Tertiary Economy: A threat to the global economy. The 8th International 
Workshop “Advances in Energy Studies” – Mumbai, India, 25-27 October 2012. 



The case of USA 

Brown and Ulgiati, 2012, The Tertiary Economy: A threat to the global economy. The 8th International 
Workshop “Advances in Energy Studies” – Mumbai, India, 25-27 October 2012. 



The case of India 

Brown and Ulgiati, 2012, The Tertiary Economy: A threat to the global economy. The 8th International 
Workshop “Advances in Energy Studies” – Mumbai, India, 25-27 October 2012. 



(Thomas Maschmeyer, 2011) 

“What” is actually growing ? 

C 

Currency trade: The EUR/USD rate represents 
the number of US Dollars one Euro can 
purchase. If we expect that the Euro will 
increase in value against the US Dollar, we will 
buy Euros with US Dollars. If the exchange rate 
rises, we will sell the Euros back, making a 
profit. (http://www.xe.com/currencytrading/) 



“High Speed Trains help trade and mobility” 



“Renewable 
energies can 
fully replace 

fossil 
energies” 

Source: 

 THE ENERGY REPORT 
100% RENEWABLE 
ENERGY BY 2050 

WWF International 
Avenue du Mont-Blanc 
1196 Gland 
Switzerland 
www.panda.org 
 Ecofys 
P.O. Box 8408 
3503 RK Utrecht 
The Netherlands 
www.ecofys.com 



Efficiency decreases energy and material 
consumption (Jevon’s paradox and rebound effect) 

Jevons paradox: as technology progresses, the increase in efficiency with 
which a resource is used tends to increase (rather than decrease) the rate of 
consumption of that resource. 

In 1865, the English economist William Stanley Jevons observed that technological 
improvements that increased the efficiency of coal-use led to the increased consumption 
of coal in a wide range of industries.  

The issue has been re-examined by modern economists: In addition to 
reducing the amount needed for a given use, improved efficiency lowers 
the relative cost of using a resource, which tends to increase the quantity 
of the resource demanded, potentially counteracting any savings from 
increased efficiency. Additionally, increased efficiency accelerates 
economic growth, further increasing the demand for resources.  

The rebound effect is the reduction in gains expected from new technologies that increase 
the efficiency of resource use, because of behavioral or other systemic responses. 

Nevertheless, increased efficiency can improve material living standards.  



“The end of fossil fuels age is beyond the corner. 
Fossil fuels prices keep increasing” 

The so called “end of cheap oil” and the “peak oil” seem to have 
been posponed by: 
•  Economic crisis 
•  Political strategies 
•  Increased offer (e.g.: fracking) 

June 
2014, 
104.5 $ 

April  
2015, 
48.8 $ 



“Biomass fuels are 
renewable and will 

replace fossil energy” 



1.09 (Dong et 
al., 2008,China) 

1.06 (Ulgiati, 
2002, Italy) 



Land constraints with biodiesel: the case of Italy 

Sunflower: max 2.5 ton seeds/ha; average Italy 1.6 ton seeds/ha 

Oil content (40-50%): 0.8-1.3 ton fuel/ha 

Net biodiesel production: 0.5-0.9 t fuel /ha 

Average individual consumption:  
10000 km/yr/15 km/kg =  666 kg fuel/yr => 1 ha  

Circulating cars: 25 million =>  
Oil seeds needed: 50 million ton seeds 

Land needed: 25 million ha 



Land constraints with cellulosics:  
the case of Sweden 

(A) Total energy used in the transport sector: 358.6 x 109 MJ 

(B) Energy per hectare from switchgrass: 9 x 104 MJ/ha (best 
value published, Pimentel and Patzek, 2006) 

Total land needed= A/B = 35,900 km2 = 16.6 % of available 
forest land, 

i.e. an ecological nonsense 



Energy for 
wastewater 
treatment 

Energy for drinking 
water pumping 

Energy & 
water for 
agriculture 

Cooling 

Water for 
hydro plant 



It	  takes	  water	  “to	  make”	  energy	  

One kWh requires 60 liters of water (average). 	  

In the year 2025 this fraction 
is expected to grow up to 
70% and to be returned to 
the environment with diverse 
forms of alteration and 
contamination.  

The global water withdrawal worldwide in the year 2000 has been 4000 km3, 
about 30% of total world availability of fresh water.  



It takes energy “to make” water 
In the year 2005 the commercial energy invested for water withdrawal and delivering has 
been about 655 MTOE, i.e. 7% of total world energy consumption, and about 3.5 times the 
Italian energy use. For the sake of clarity: 

1. Pumping 1 m3 of water from a 30 m depth at a 50% pump efficiency requires 0.16 kWh. 
Same to lift water up to 30 m above ground level, for distribution. 

3. Potabilization: filtering, disinfecting, imply an energy demand of 0.5 kWh/m3. 

3. Desalination: some foresee that large amounts of water will be extracted by the sea in the 
near future. At present, 15% of USA water comes from such source. Energy costs are:  
•  Reverse osmosis: 5 kWh/m3. 
•  Multi-stage flash distillation: 25 kWh/m3. 

SIDE PROBLEM: One m3 of water contains about 35 kg of salts (NaCl and others). 
The present worldwide desalination capacity of 40 million m3 water/yr translates into 
1.4 million ton mixed salts/yr, unsuitable for food and hard to dispose of.  





More growth…sustainable growth 



The G-20 Toronto Summit for International Economic Cooperation, June 2010, 
resulted in 48 resolutions on international economic cooperation. The second 
resolution was as follows: 

2. Building on our achievements in addressing the global economic crisis, we have 
agreed on the next steps we should take to ensure a full return to growth with quality 
jobs, to reform and strengthen financial systems, and to create strong, sustainable 

and balanced global growth. (our emphasis added) 

In the 27 pages of resolutions and annexes in support of those resolutions, the term 
“growth” was used 67 times and the terms “sustain”, “sustainable”, “sustainability” 
most often coupled to “growth” were used 43 times.  Even more telling, the terms 
“resource(s)” while used 17 times never once mentioned “natural resources” (only 
referring to “financial resources”), and the term “energy” was never mentioned at 
all.  

(Brown and Ulgiati, 2011. Understanding the Global Economic Crisis:  A Biophysical Perspective. 
Ecological Modelling, 223: 4-13) 



Increasing rates of change in human activity since the 
beginning of the Industrial Revolution. 1  

International Geosphere-Biosphere Programme (2004). Global Change and the Earth System: A Planet Under Pressure  



Increasing rates of change in human activity since the 
beginning of the Industrial Revolution. 2 

International Geosphere-Biosphere Programme (2004). Global Change and the Earth System: A Planet Under Pressure  



Global-scale changes in the Earth System as a result of the 
dramatic increase in human activity (1)  

International Geosphere-Biosphere Programme (2004). Global Change and the Earth System: A Planet Under Pressure  



Global-scale changes in the Earth System as a result of the 
dramatic increase in human activity (2)  

International Geosphere-Biosphere Programme (2004). Global Change and the Earth System: A Planet Under Pressure  

Ecosystems’ degradation 



Rain forest surrounded 
by hectares of soybean 
fields in the Mato Grosso 
state, Brazil. 

(John Lee / Aurora Select for 
TIME, 2008) 





The paradigm of growth 

•  The paradigm of growth is so deeply ingrained in our 
lifestyle that we are unable to think any differently.  

•  We have been taught that science would allow a 
continuous growth, removing all technological obstacles 
and solving all problems, for a prosperous life ahead.  



Howard T. Odum (1925-2002):  
the impossibility of business-as-usual 
and the search for alternatives. 

Howard T. Odum and Elisabeth C. Odum (2001)  
A Prosperous Way Down: Principles and Policies.  
Boulder, Colorado: University Press of Colorado.  



The pulsing paradigm 

(1) growth on abundant available resources: increase of population, 
structure, and assets, low-efficiency, high-competition;  

(2) climax and transition: the system reaches the maximum size allowed 
by available resources, increases efficiency, develops collaborative 
patterns, and prepares for descent by storing information;  

(3) descent: less resources available, decrease of population and assets, 
increased recycling, transmission of information in a way that minimizes 
losses;  

(4) low-energy restoration: no-growth, consumption smaller than 
accumulation, storage of resources for a new cycle ahead. 

Sustainability is not achieved once for 
ever.  

Systems follow oscillating patterns and 
adopt different sustainability strategies 

 (Odum & Odum, 2001) 



Cycles of growth and descent 

Decline phase – negative growth rates, no 
net yields, maximum efficiency, very low 
environmental loads 
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A Growth Ethic… 

“There are no great limits to growth because there are no limits of 
human intelligence, imagination, and wonder.” 
 (Ronald Reagan 40th president of US, 1911-2004) 

“Growth for the sake of 
growth is the ideology of 
the  cancer cell.”                   
(Edward Abbey, USA writer, 1927-1989) 



MTB 04/08/05 
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 Doubling Time = (70/n) years 

Growth rate, n   D time 
    3%    24 yrs 
    5%    14 yrs 
    7%    10 yrs 
    10%     7 yrs 

Exponential Growth… 

The failure to understand the concept of exponential growth by those “in charge” 
may be the single biggest problem we face… 



“…this is not a proposal for less growth.  
It is recognition that general systems principles 
of energy, matter, and information  
are operating to force society into a different 
stage in a long-range cycle”. 

 (Odum and Odum, 2001). 



The difficult art of making choices:  

Remember where did we fail… 

A few examples: 

•  Oil prices 

•  Biomass fuels 

•  “Sustainable” Growth 

•  …… 



Benefits and costs of purchasing a dog: 

-  Makes me happy, when I am 
alone 

-  Plays with my kids 

-  Protects my house 

-  Has a good smell to find things 

-  I like it 

-  Forces me to walk 

-  Eats a lot of food 

-  Bites my shoes 

-  Requires expensive medical 
care 

-  Disturbs my neighbors by 
barking 

-  Needs to be walked every day 

-  I pay taxes on it 



When shopping,  
how do we make decisions ? 

Price ? 

Environmental concerns ? 



Making Choices  

(and policy decisions) 

is difficult  

because of:  

* different criteria,  

* different benefits, 

* different costs 



Points of view in decision making 

User-side perspective: 

value of resources is defined according to their use: 
costs and benefits to the user 

Donor-side perspective: 

value of resources is defined according to the 
environmental work done by the biosphere to 

produce them and make them available to human 
societies 



air 

water 

food 

materials 

energy 

air pollution, water pollution, solid 

waste, noise… 

Land Use, 
Housing, 

Transportation, 
Manufacturing, 

Leisure, etc. 

The economic system 



* Where do 
resources come 
from? 

* How much is 
needed? How much 
is available? 

* Who decides about 
resource use? 

* To what extent 
can we increase 
production? 

* There will be 
enough for 
everybody? 

* Who is affected 
by the impacts? 

* Is there a 
critical threshold? 



USER SIDE: 

Life Cycle Assessment 

Includes: 
•  Material Resource Depletion,  
•  Cumulative Energy Analysis, 
•  Emissions and impacts 



•  ABIOTIC DEPLETION: extracted minerals, overburden, fuels, etc, all expressed 
in terms of their mass. 

Examples (*): 

 Gold:  540 000 g/gAu  
 Diamonds:  5 260 000 g/gD 
 Pig Iron:  4.04 g/gG  

http://wupperinst.org/uploads/tx_wupperinst/MIT_2014.pdf 



Gold:   

540 000 g/gAu 

Diamonds: 

5 260 000 g/gD 

http://wupperinst.org/uploads/tx_wupperinst/MIT_2014.pdf 



Environmental	  impacts	  of	  a	  product	  are	  the	  irreversible	  changes	  generated	  by	  all	  the	  
substances	  extracted	  from	  the	  environment	  and	  emissions	  to	  the	  environment	  over	  the	  

en=re	  life	  cycle	  of	  the	  product.	  

LCA assesses environmental impacts by means of selected damage categories 
that describe the effect of processes, products and services on the environment. 





The	  ISO	  14040:2006	  standard	  describes	  the	  general	  criteria	  for	  an	  LCA	  to	  be	  acceptable	  and	  
states	  a	  four-‐step	  structure.	  All	  steps	  interact	  to	  each	  other.	  

1.	  Goal	  and	  Scope	  defini=on	  

2.	  Inventory	  

3.	  Impact	  analysis	  and	  

evalua=on	  

4.	  Interpreta=on	  of	  

results	  



Using LCA to explore integrated 
solutions: a case study of wastewater 
treatment 



Conventional wastewater treatment with sludge landfilling 
(plant located in Napoli, Italy) 



Conventional wastewater treatment with sludge landfilling 
and improvement scenarios 



A proposal for further improvement 

Mellino et al., 2015. Alternative Options for Sewage Sludge Treatment and Process Improvement Through Circular 
Patterns: LCA-based Case Study and Scenarios. Journal of Environmental Accounting and Management 3(1): 1-8  



LCA results for “circular scenarios” 

Mellino et al., 2015. Alternative Optionsfor Sewage Sludge Treatment and Process Improvement Through Circular 
Patterns:LCA-based Case Study and Scenarios. Journal of Environmental Accounting and Management 3(1): 1-8  



A case study of High Speed Train 





Carine Grossrieder, 2011, Life-Cycle assessment of Future Highspeed Rail in Norway, Norwegian University of Science 
and Technology, Department of Energy and Process Engineering 





High Speed Train performance in California 

Chester, M. and Horvath, A., 2010. Life-cycle assessment of high-speed rail: the case of California. Environ. Res. Lett. 5: 1-8.  
http://iopscience.iop.org/1748-9326/5/1/014003  



High Speed Train performance in Italy  

Federici M., Ulgiati S., Basosi R., 2008. A thermodynamic, environmental and material flow analysis of the Italian highway and 
railway transport systems. Energy, 33(5):760–75.  



Emergy, the environmental support 



Looking at the next larger scale 



User-side: 
Monetary measure 
of wealth 
(willingness to pay) 

Rain 

Sun 

Donor-side: 
Environmental cost to 
produce wealth 

Emergy evaluation Economic evaluation 



A. Emergy Concepts and Principles… 



Typical Solar Transformities 

http://www.emergydatabase.org/ 



Energy Chain…the food chain can be thought of as an energy 
transformation chain.  At each transformation step some energy is 
degraded and some is passed to the next step in the chain. 

B. Emergy Concepts and Principles… 



The 20th century energy food chain of 
techno-humans… 

B. Emergy Concepts and Principles… 



Emergy = the value of resources in common units of solar equivalent 
energy (solar emjoules) 

Emergy… 

Ultimately, our 
wealth depends 
on three sources 
of emergy…the 
sun, tidal 
momentum, and 
deep heat 



Environmental - Economic Interface System 

Prosperity comes from resources, not from money 

feedback 



The global economy: fair trade 



Environmental support to human economy... 

Global Economy... 



National Emergy Money Ratio… 

National EMR = Total Emergy Use/ GDP 



Emergy Exchange Ratio… 

Trade Between Nations 

An example of the trade between nations (Italy and USA) where the monetary value of 
trade balances but the emergy of trade is imbalanced.  In this example using the emergy 
money ratios of the two countries, Italy is at a emergy disadvantage of about 2 to 1. 



Emergy Exchange Ratio… 

Emergy Exchange Between Commodities 

Country B Exchange Advantage =4.4E15/1.3E13 = 338/1  



There is not enough renewable energy to go around… (ultimately 
only about 25% of current demand …at max) 

All increases in order cause greater increases in disorder… (i.e. you 
cannot get ahead…the 2nd Law). 

Living sustainably takes time and space… (the time, energy, & space 
tradeoff)  

We cannot rely on the “Market”… (Adam Smith’s invisible hand is 
corrupt and uncaring) 

What’s Next… ? 

Summary/ conclusions…. 



What’s Next… ? 

1. Everything is connected to everything 

   Systems science education is essential 

 2. Everything has to go somewhere 

     Recycle, recycle, recycle 

  3. There is no such thing as a free lunch 

       Live within your energy means (no credit) 

   4. Energy is important and matter matters 

        Restructure the economy around biophysical realities 

    5. Quality counts 

       Match the quality of energy to the quality of the task 

     6. Net Energy not gross energy 

          There is no Silver Bullet to “peak oil” 

      7. Complexity is costly 

       Small is beautiful, Less is more 

       8. Grow or Die 

        Bury the growth ethic 



What’s Next… ? 

The problem is not just resource availability nor 
finding another cheap source  of energy.  

The problem is BUSINESS AS USUAL.  

Our fascination and addiction with continued 
growth may have unbelievable consequences in 
the long run.   

Our focus must turn to living within the planet’s 
carrying capacity.   

The real issue is do we want to be part of the 
solution or continue to be the problem? 



Questions? 

 Comments? 

   Concerns? 


