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Introduction

Energy Transition

SOURCE: IPCC

Increased interest in alternative energy 

production such as bio-energy

Security of energy supply

Climate change caused by increased 
greenhouse gas (GHG) concentrations 
in the atmosphere

Growing global energy demand: 
projected to increase by 60% in the 
next 25 to 30 years [IEA]
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Introduction

Targets of the EU

2010

12% renewable energy
5,75% biofuels
21% renewable electricity

2020
20% renewable energy
10% biofuels

2006

9,2% renewable energy
1,8% biofuels (2007/2008: 2,5%)
14,5% renewable electricity

Targets of the Netherlands

2010

5,75% biofuels
9% renewable electricity

2020
14% renewable energy

2006

2,3% biofuels (2007)
7,9% renewable electricity 
2,7% renewable energy

6% biofuels
10% renewables in transport

x
?
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Introduction

Substantial contribution of biomass 

to the share of renewable energy in 

the EU and to reduce carbon 

emissions 
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Introduction

Video

EU: 20% renewable energy by 2020

3’52”

( www.our-energy.com/videos/eu_20_percent_of_renewable_energy_by_2020.html ) 
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What is bio-energy?

Bio-energy = common denominator for all forms of energy that are derived 

from biomass (transport fuels, electricity, heating & cooling).

Biomass = any organic material, of plant and animal origin, derived from

agricultural and forestry production and resulting by-products, and industrial 

and urban wastes.

Forestry Residue Agricultural Residue Short Rotation Woody Crops Municipal/Urban ResidueOil Crops
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What is bio-energy?

Closed carbon cycle?
SOURCE: E21

Processing chain:

raw collect pre-treat store convert energy energy

Photosynthesis

Water + Carbon dioxide + Sunlight Glucose + Oxygen

6 H20 + 6 CO2 + radiant energy C6H1206 + 6 02

Additional GHG emissions related to crop growing (land management practices, use 

of fertilizer/pesticides), transport, conversion, distribution,..

Difference 1st generation 2nd generation
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Feedstock, Types and Technologies

used frying oils

animal fats

micro-algae

jatropha oil

soybean oil

sunflower oil

palm oil

rapeseed oil

Oils & fats → Biodiesel
→ Pure Plant Oil 
→ Hydrogen.Veg.Oil
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Feedstock, Types and Technologies

Sugars & starch → Ethanol
→ Butanol

cassava

potato

maize (corn)

wheat / barley

sugar beet

sugarcane
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Feedstock, Types and Technologies

Digestible products → Bio-methane

liquid manure

dry manure

organic municipal waste

industrial organic waste 
(e.g. from food industry)

agricultural waste

sewage sludge

maize/sugarcane residue
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Feedstock, Types and Technologies

Cellulose → FT (synthetic) biodiesel / BTL             “2nd gene ration”
→ Bio-DME
→ Cellulose ethanol 
→ Bio-methanol

microalgae

organic waste

wood residues / waste wood

black liquor (from paper pulp industry)

farmed wood / short rotation coppice 
(willow, poplar)
residues of agricultural crops 
(straw, stalks)

fast growing grasses 
(miscanthus, bamboe, cane)
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Conversion Technologies

Main conversion options for biomass to secondary energy carriers

SOURCE: WEA
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Conversion Technologies

Thermochemical conversion technologies

x, y in mol

0 1 Air supply, stoechiometrically

Pyrolysis Gasification Combustion

Cokes
Oil
Gas

Syngas
H2O
CO2

Burning = oxidation

Dry Matter Content ≥ 30 %

CxHy + (x + 0,25y)� O2 x� CO2 + (0,5y)� H2O
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digestate + biogas

Conversion Technologies

Biochemical conversion technologies

Juices

Molasses

Cellulose

Starches Sugars Ethanol

Catalysed by the right enzymes 

Fermentation with yeast 

(CO2O)3

90

CH3CH2OH

46

CO2

44

+

Ethanolic fermentation:

waste / manure / crops

Anaerobic digestion:



10/07/2009 Bio-energy - Fuelling a sustainable future? 16
Confidential – © 2009, VITO NV – All rights reserved

Conversion Technologies

Transesterification of oil 

Use of methanol + catalyst (strong base)

Biodiesel (80-90%)

Glycerin (10-20%)

Result
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Profits and constraints
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Profits and Constraints

CONSTRAINTS

Deforestation

→ Brazil: soy (and sugarcane)

→ Indonesia/Malaysia: oil palm
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Profits and Constraints

Video

Palm Oil: Profit with great losses

10’

( http://www.milieudefensie.nl/english/forests/videos/palmolie_eng.htm/ )
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Profits and Constraints

CONSTRAINTS

Deforestation

Environmental degradation 

→ soil / water / air

→ biodiversity
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Profits and Constraints

CONSTRAINTS

Deforestation

Environmental degradation

Social injustice: 

→ land rights

→ working conditions
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Profits and Constraints

Video

FIAN: Sugar Cane for Ethanol in Brazil

10’
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CONSTRAINTS

Deforestation

Environmental degradation

Social injustice

Competition with food (?)

→ very depending on the place/situation 

→ food availability/capita is higher then ever before

→ much land not in use (or not suitable for food crops)

→ rise in food prices: increasing meat consumption (65%), lower harvests in 2006-

2007 due to drought, declined stocks, higher energy costs, speculation in 

feedstock, ...

Profits and Constraints
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Sustainability

Precautions are needed
to avoid that nature conservation areas, rain forests, … (areas with high biodiversity and 
carbon storage) are used

to make sure that bio-energy / biofuels are creating opportunities for local communities (socio-
economic conditions), not only multinationals

to achieve optimum GHG reduction (e.g. coal powered ethanol facilities in the US have negative 
GHG balance)

⇒ Worldwide agreements / sustainability requirements / certification

Support 2nd generation biofuels
Increase yield per hectare and use of rest streams through the use of cellulose

Also diminishes tension with food production

Energy savings remain priority
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Sustainability

Some important remarks:

• constraints not only for bio-energy, but for all bio-based products

Food

Cosmetics

Chemicals

� current deforestation mainly happens for timber and food purposes!

� also fossil fuels cause a lot of social, economic, ecological and political trouble
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Sustainability

Some important remarks:

• commodity prices keep on rising although agricultural prices decrease again

• Need for structural approach in worldwide agriculture to fulfill increased food demand (even 

without introduction of biofuels). 

• Moratorium on biofuels is not likely to reduce food prices significantly.

• With higher biofuel shares, the impact on commodity prices may become more important. 

� food supply should always be priority,

� focus on use of marginal land, co-production of food and energy (in bio-refineries) & cellulose 

based biofuels in the long term
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Measuring Sustainability

Sustainability Balance

Life Cycle Assessment (LCA)

Through whole production chain:

• Production/harvesting raw material

• Pre-treatment (densification, drying, chopping, etc.)

• Storage

• Transportation

• Conversion to energy carrier

→ GHG balance
(CO2 equivalents)

→ energy balance

“People - Planet - Profit”
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Measuring Sustainability

Sustainability Balance

Life Cycle Assessment (LCA)

Through whole production chain:

• Production/harvesting raw material

• Pre-treatment (densification, drying, chopping, etc.)

• Storage

• Transportation

• Conversion to energy carrier

→ GHG balance
(CO2 equivalents)

→ energy balance

“People - Planet - Profit”
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Measuring Sustainability

Life Cycle Assessment (LCA) → GHG balance

→ energy balance

Source: EMPA

GWP: Greenhouse Warming Potential

CED: Cumulated non-renewable Energy Demand

SMOG: Summer Smog Potential

EUTR: Excessive Fertilizer Use

ECOTOX: Ecotoxicity
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Measuring Sustainability

Carbon debt

Caused by land 

conversion

Can be paid back by 

carbon savings (but takes 

a very long time)

Source: Human Ecology
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Measuring Sustainability

Land Use

Source: IEA 2004

Biofuel yield per hectare
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Measuring Sustainability

Standards and certification

o Voluntary commodity Initiatives such as FSC, RSPO, RTSS, BSI, Basel criteria, ..

o WWF: Meta-Standard

Criteria in European Renewable Energy Directive and Fuel Quality Directive

Good start but not sufficient to ensure a sustainable development of bio-energy

� GHG savings: min. 35% (2010), min. 60% (2017)

� Biofuels must respect “cross compliance” rules (only in case of European biomass)

� Biodiversity: no-go areas (primary forests, protected areas, highly biodiverse grasslands)

� Conversion of high carbon stock areas prohibited (wetlands, continuously forested areas, peatlands

� Reporting obligations on indirect land use change and on environmental, social and economic issues
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Future Potential

Overview of the global potential of biomass for energy to 2050 for a number of categories

Source: IEA Bioenergy
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Future Potential

Overview of current use, and the technical and theoretical potentials of different renewable energy 

options:

Source: IEA Bioenergy

Cost ranges for production electricity, heat, and fuel from various renewable energy options:

Source: IEA Bioenergy
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Future Potential

Estimated costs of biofuels compared with the prices of  oil and oil products

(biofuels exclusive of taxes)

Source: IEA Bioenergy

Source: IEA Bioenergy

Source: IEA 2006
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Future Potential

Source: IEA Bioenergy

Video

Ghent Bio-Energy Valley:

Towards a Bio-based Economy

8’58”

( http://www.youtube.com/watch?v=hSwnSW5308U )
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Future Potential

Handicaps in the development of the bio-based economy

• Technological handicap: The used technologies are still at the beginning of 
their development ↔ mature petrochemistry

• Investment handicap: most biorefineries still need to be built ↔ existing 
petrochemical factories

• Scale handicap: most biorefineries still have a relatively small scale ↔
economies of scale of large petroleum refinieries
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Practical Examples

Rapeseed → biodiesel
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Practical Examples

Wood Pellet Burner - Glasshouse Sector

1,2 MW

1.000 tons of pellets

Investment: € 250.000

Return Time: 5 years
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Practical Examples
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Practical Examples

Source: http://www.biotanken.nl/

Filling Locations for biofuel in the Netherlands
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Examples

Video

Fuelling the future

8’14”

( http://ec.europa.eu/avservices/video/video_prod_en.cfm?type=detail&prodid=4835&src=1 )
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Examples

Video

Jämtland County

8’42”

( http://ec.europa.eu/dgs/energy_transport/videos/energy/2005_11_jamtland_en.htm )
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Conclusions

There is a huge potential for bio-energy to make a significant contribution to the 
development of a sustainable energy future.

But bio-energy alone cannot deliver the solution towards a sustainable energy 
future. It should be part of an integrated package of measures.

1) Avoidance of energy consumption

2) Use of renewable energy

3) Efficient use of fossil energy

Existing policy frameworks and targets for bio-energy are sometimes based on 

doubtful evidence and may miss important opportunities to deliver greenhouse gas 
emissions reductions. 

There are a significant number of social, economic and environmental 

uncertainties associated with bio-energy and policy frameworks must ensure that 
such issues are addressed.

New opportunities are present, but mostly only feasible with subventions. Further 

research, principally on second generation bio-energy, is highly needed.
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Thank you for your attention!
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Thank you for your attention!

Questions?


