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A Problem - Us
• All studies clearly identify human activity as a primary cause of the Earth

System Crisis

• The 20th Century has seen exponential growth in human populations, made
possible by the industrial-scale exploitation of natural resources and services

• The globalised industrial economy is committed to continuing growth in
production and consumption

• Growth demands ever-increasing energy and material inputs

• Growth results in increasing levels of pollution, resource depletion, species
loss and ecosystem degradation.



Advocates of business-as-usual suggest that what
is needed to maintain a growing economy is
increased efforts to extract more energy from
deeper reservoirs, oil sands, nuclear.

Business-as-usual

Business-as-usual is not an option
for the future of humankind.

Unlimited growth is impossible in
a limited planet and sooner or
later every activity is constrained
by a limiting factor.

They disregard the declining net return of these sources (increased efforts mean
increased energy investment, less net energy, more environmental disturbance).



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.



Odum’s Pulsing Model

Four Stages of
the Growth

Cycle

Main premises of
cleaner
production and
sustainable
societies:

a) recognizing the
stage we are in;

b) Choosing the
appropriate policy
for that stage.

c) Growth
policies do not fit
descent periods



No matter how you cut
it…the hydrocarbon
age (cheap fossil fuels)
is over.
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World
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Source: EWG, 2006. URANIUM RESOURCES AND NUCLEAR ENERGY. Energy
Watch Group, December 2006. EWG-Series No.1/2006.
http://www.energywatchgroup.org/fileadmin/global/pdf/EWG_Report_Uranium_3-12-
2006ms.pdf.

A PEAK FOR (CHEAP) URANIUM ?

Estimates of
available

uranium stocks
at different price
compared to the
present uranium

demand for
existing reactors



Net Energy and EROI (Energy Return on
Investment)

Resource in
the ground

Energy
Investment
Ein,2

Refined
resource

Extracted
resource

Energy
Investment
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Extraction
process

Refining
process Eout
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Net Energy = Eout – Ein

EROI = Eout / Ein



Fossil oil to
gasoline
process

(Michael Wang, 2005, Ethanol
from Corn and Cellulosics,
Center for Transportation

Research, Argonne National
Laboratory)

The EROI of
refined fuels is

around 5:1



Our addiction to fossil fuels results on intensive consumption of
petroleum derivatives which, combined with diminishing petroleum
resources, causes environmental and political concerns.

Electricity and heat can be provided by a variety of renewable
alternatives (wind, sun, hydro, geo, and so on).

Instead, the fossil resource alternative for production of
transportation fuels and chemicals is biomass, the only C-rich
material source available on the Earth, besides fossils.

The search for alternatives



A) Environmentally friendly: less, or no loading at all on water,
land, air, climate, biodiversity.

B) Renewable. The age of fossil fuels is over.

C) Complex and integrated: components interact and exchange
energy and matter flows in order to decrease emissions and
waste.

D) Aiming at wellbeing, not at growth.

E) Sustainable under different points of view: energetic,
environmental, economic, and social.

Alternatives must be:



Bio-ethanol production in the contaminated land
around Chernobyl (Belarus) ?

In 2009 an Irish Company (Greenfield Project Management Ltd) planned to use four million
ha in Belarus, in the Chernobyl surroundings. The biofuel produced should have been
commercialised in Europe. This was a false annoucement to raise money in order to avoid
bankrupcy (http://www.facebook.com/note.php?note_id=145364802189057).

On 16 May 2011, PhotoFuels, a Belgian-Ukrainian joint venture, announced to have
obtained approval from the Ukraine government to plant several test fields of common
millet for biofuels in the Chernobyl area evacuated in the year 1986 after the nuclear power
accident. (Deutsche Presse-Agentur)



The failure of Bioenergy from food crops:

corn, wheat, oilseeds,…



•Land

•Water

•Topsoil

•Nutrients

•Biota

•Other

Agricultural
phase: biomass

production

Residues left
in field

Residues
used in the

process

Net biofuel
outputConversion

step

R

R*

F*F1

F2
F4

B

H

F3

F1 = Gross biofuel production

F2 = Process energy demand met by biofuels

F3 = Biofuels invested in harvesting of residues

F4 = Biofuel demand for agricultural production

R = Potentially available residues (mass)

R* = Residues used in process (mass)

H = Process energy demand met by residues

B  = Total biomass produced (mass)

Biofuel Production



Corn to
EtOH

process
 (Michael Wang, 2005,
Ethanol from Corn and
Cellulosics, Center for

Transportation Research,
Argonne National Laboratory)

The EROI of
bioethanol from
corn is around

1.3:1



Energy Policy 36 (2008) 3882– 3892



Second Generation vs First Generation?
Maybe…

• 1st generation  biofuels
   Derived from Biomass harvested for the sugar, starch and oil

content, which can be converted using hydrolysis &
fermentation

   Technology established
Major Issues - Crops needed, Food v Fuel, Water Demand,
Environmental issues - land clearing, soil degradation.

• 2nd generation biofuels
   Produced from lignocellulosic biomass, utilising hydrolysis,

fermentation, gasification or pyrolysis
   Can utilise Waste Materials (e.g. waste paper, paper mill waste,

wood waste, agricultural crop residues etc)



(Li et al., 2010; Wyman et al., 2005)



What is a biorefinery?
Biorefinery: the sustainable processing of biomass
into a spectrum of marketable products and energy”

(IEA Bioenergy Task 42)

The “biorefinery” concept embraces a wide range of
technologies able to separate biomass resources
(wood, grasses, corn, urban waste) into their building
blocks (carbohydrates, proteins, biogas, fats)…

…that can be converted to value added
products, biofuels and chemicals.



In short:



CELLULOSE

http://www.doitpoms.ac.uk/tlplib/wood/printall.php accessed on 9/03/09

• Extensive intramolecular and intermolecular H-bonding
• Insoluble in water and most common organic solvents



HEMICELLULOSE
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 LIGNIN

http://commons.wikimedia.org/wiki/Image:Lignin_structure.svg?uselang=ja accessed on
9/03/09



Chemical products from ligno-cellulosic
materials

1. Levoglucosan
2. Levoglucosenone
3. Furfural
4. 5-Hydroxymethylfurfural
5. Levulinic acid
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F. Shafizadeh and Y. L. Fu, Carbohydr. Res., 1973, 29, 113-122.
R. Krishna, M. R. Kallury, C. Ambridge and T. T. Tidwell, Carbohydr. Res., 1986, 158, 253-
261
J. Horvat, B. Klaic, B. Metelko and V. Sunjic, Tetrahedron Lett., 1985, 26, 2111-2114



Chemical products from ligno-cellulosic
materials
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Furfural

P.R. Gruber & M Kamm (Editors), “Biorefineries – Industrial Processes and Products,
Status Quo and Future Directions,  Vols 1 & 2, 2006, Wiley-VCH



P.R. Gruber & M Kamm (Editors),
“Biorefineries – Industrial
Processes and Products,
Status Quo and Future
Directions,  Vols 1 & 2, 2006,
Wiley-VCH

Levulinic
Acid

Derivatives



Step No. 1:

Identifying substates,
intermediate products, and
technological pathways
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1. Bioethanol
from starch
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1. Bioethanol
from starch

2. Biodiesel
from oil crop
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1. Bioethanol
from starch

2. Biodiesel
from oil crop

3. SNG from
organic
residues
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1. Bioethanol
from starch

2. Biodiesel
from oil crop

3. SNG from
organic
residues

4. FT-fuels from
forest
residues
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1. Bioethanol
from starch

2. Biodiesel
from oil crop

3. SNG from
organic
residues

4. FT-fuels from
forest
residues

5. Green
Biorefinery
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1. Bioethanol
from starch

2. Biodiesel
from oil crop

3. SNG from
organic
residues

4. FT-fuels from
forest
residues

5. Green
Biorefinery

6. Phenols and
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1. Bioethanol
from starch

2. Biodiesel
from oil crop

3. SNG from
organic
residues

4. FT-fuels from
forest
residues

5. Green
Biorefinery

6. Phenols and
power from
wood
pyrolysis

7. Hydrogen and
chemicals
from sugar
crops
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The European Union roadmap to Biorefineries (huge
investments for research, 7th RTD program)

Source: Biofuels in the European Union – A vision for 2030 and beyond,
Final report of the Biofuels Research Advisory Council, June 200638



Step No. 2:

Designing an integrated system



Agro-Industrial Integrated System “Parthenope” - Napoli, Italy



Step No. 3:

Assessing the profitability and
environmental friendliness of
biorefineries

A case study with LCA



 compiling an inventory of
relevant inputs and
outputs

 evaluating the potential
environmental impacts
associated with those
inputs and outputs

 interpreting the results of
the inventory and impact
phases in relation to the
objectives of the study

Life Cycle Assessment- LCA
Life Cycle Assessment (LCA) is a technique for assessing the potential
environmental aspects associated with a product (or service), by:













Step No. 4
Expanding the focus of the assessment:

a)  thermodynamic efficiency (exergy),
b)  demand for environmental support

(eMergy), and
c) economic feasibility.

An extended LCA



Multidimensional Life Cycle Assessment

Matter and energy flows1. LCA

2. Extended LCA: SUMMA
SUstainability Multimethod Multiscale Approach

LCA + process efficiency +
environmental support +
embodied time + money flows

SUMMA



SUstainability Multimethod Multiscale Approach



Step No. 5: Marginal and polluted land (GIS
- Geographical Information System)

Case study:
Non-food crops on land unsuitable for
agriculture.
a) Cropping for energy
b) Biorefinery, the Biofine process











Material: oilseed crop

2. Ethiopian Mustard or Brassica carinata

 Different types of soil (clay and sandy types) as well as in a semi-
arid temperate climate

 Low water requirement

 Low fertilizers and plant protection requirement

 Promising oil feedstock for cultivation in coastal areas of central-
southern Italy

Opportunity of exploiting the Mediterranean marginal areas for
energetic purposes



Cropping for Energy

Agr residues

Cake MealOil

Biodiesel

Transesterifica7on

Oil extrac7on

Seeds

Glycerin



Usable and Net Energy Delivered to the user by all the co-products of the different 

phases of biodiesel production chain (data per hectare).  

   

Energy 

content 

(J/ha/yr)  

Usable 

Energy (for 

residues 50% 

less than 

HHV) 

(J/ha/yr)  

Transportation 

of residues (5% 

of energy 

content) 

(J/ha/yr)  

Usable Energy 

Delivered 

(J/ha/yr) 

Net 

Energy 

Delivered 

(J/ha/yr) 

Invested for 

process 
1.82E+10    

 

Biodiesel 1.46E+10 1.46E+10 7.30E+08 1.39E+10  

Cake meal 1.17E+10 5.85E+09 5.85E+08 5.27E+09  

Straw 4.36E+10 2.18E+10 2.18E+09 1.96E+10  L
o

w
 I

n
p

u
t 

Delivered    3.88E+10 2.06E+10 

Invested for 

process  
2.59E+10    

 

Biodiese l  2.06E+10 2.06E+10 1.03E+09 1.96E+10  

Cake meal 1.66E+10 8.30E+09 8.30E+08 7.47E+09  

Straw 5.51E+10 2.76E+10 2.76E+09 2.48E+10  H
ig

h
 I

n
p

u
t  

Deliver e d        5.19E+10 2.60E+10 

 



Net Energy Delivered (NED) by the biodiesel production chain and fractions of 

agricultural and regional energy consumption potentially replaced 

. 

 

Low Input 

(J/yr) 

High Input 

(J/yr) 

Total NED from polluted areas 8.90E+14 1.12E+15 

% of energy budget of Campania region 0.33% 0.41% 

% of energy budget of regional agricultural sector 10.63% 13.41% 

 

Economic balance between the total economic investment for biodiesel and heat 

production chain and the saving of economic investment associated to such bio-

energy in marginal land. 

 

  Low Input (!/yr) High Input (!/yr) 

Total Economic Investment (a) 3.78E+07 4.62E+07 

Value of delivered energy (b) 9.68E+06 1.22E+07 

Economic Balance (b-a) -2.81E+07 -3.40E+07 

Ratio a/b 3.90 3.79 
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Line

Biofine Line



An Example: The Biofine Process

An Existing Process
• A high temperature, fast acid hydrolysis of biomass

polysaccharides.
• The feedstock is hydrolysed with 1-5% sulphuric acid in

two reactors.
• The first reactor hydrolyses the sugars and produces 5-

hydroxymethyl furfural (HMF) from the C6 sugars and
furfural from the C5 sugars.

• The HMF goes to the second reactor where levulinic acid
is formed (and smaller amounts of formic acid)











Biofine Line

Indicators  
Levulinic 

Acid 

Formic 

Acid 
Biodiesel  Glycerin  

Material resource depletion        

MI abiot (g/g)  4.48 0.37 2.68 1.19 

MI water (g/g)  26.17 2.17 27.56 12.20 

Energy depletion  

GER per unit mass (J/g)  3.29E+04  2.73E+03  2.08E+04  9.19E+03  

Oil eq (g oil/g)  0.78 0.07 0.50 0.22 

Oil eq (g oil/J)  2.20E-05 8.13E-06 1.32E-05 1.32E-05 

Oil eq (g oil/!)  871 871 633 2090 

Emergy (demand for environmental support)  

Specific emergy (seJ/g)  3.58E+12  1.24E+13  1.17E+10  1.17E+11  

Transformity (seJ/J)  9.83E+07  1.51E+09  3.11E+05  7.02E+06  

EYR 1.00 1.00 1.14 1.14 

ELR 56.87 56.87 8.28 8.28 

% Renewable  2% 2% 11% 11% 

Climate change  

Global warming (g CO2 -equiv/ g)  2.46 0.20 1.24 0.55 

Acidification (g SO2 / g)  9.66E-03 8.02E-04 3.92E-03 1.73E-03 

Eutrophication (g PO4/g)  9.44E-04 7.84E-05 4.10E-04 1.82E-04 

!



42 GJ/ton: approx energy content of raw oil

Energy cost of selected plastics



Energy cost of
selected chemicals

Approx energy
content of raw oil:

42 GJ/ton:



Concluding remarks
• We will have to rely on biomass for liquid fuels, chemicals and materials,

when we run out of cheap fossil fuels. No doubt on this.
• Cropping for energy, even in marginal land, is never an option (a part from

Brazilian sugar cane, in some cases) due to low energy return and high
costs.

• Instead of expensive cropping, the use of lignocellulose residues and waste
provides interesting, substrate abundant, low cost and energy self-sufficient
alternatives (biorefinery).

• The biorefinery concept solves the problem of agro-industrial and urban
waste, and promises cheap liquid fuels and biomaterials/biochemicals.

• Biochemicals can be already produced at competitive cost with petro-
chemicals. Bioenergy is more difficult, because of low hydrolysis yields.

• Some high yield processes (Biofine) are very close to the commercial stage.
• Lignocellulose is everywhere and therefore contributes to the independence

from fossil fuels.



Thank you

for your attention !


