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1. European Biomass Resources

M TOE: Million of Tonnes QOil Equivalent (1 TOE ~ 2,4 t dry biomass)
e Current consumption (EU-15; 2001):

- Primary energy: ~ 1486 M TOEly

- Biomass: ~57 M TOEly
(3.8%)

e EU guideline regarding biomass use

- for 2010 ~ 135 M TOEl/y

- for 2020 ~ 200 M TOEl/y

e Biomass potential (2050)

- UE-15 ~ 500 M TOEly

- UE-25 ~ 600 M TOEl/y

 EEA estimation 300 MTOE/y for year 2030
Most will depend on agricultural land available for energy crops
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2. Biomass and Renewable Energy

*Biomass Contribution *Biomass Contribution

*Total Renewable Energy *Total Primary Energy
*(Hydro + wind + solar + geothermal)

 *Source EC Trends to 2030 / EC Energy to 2020
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3. Which markets for biomass resources ?

Heat and Cool production (40% of total)

Power production (30%)

Biofuels production for transport (25%)

Industrial commodities

Basic chemical (Bio-H2, Bio-MTOH, Ethylene,...)

VRVIIVARVARY
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4. Stabilisation of humid Biomass
Is still missing a wide strategy on this important issue:

Pellets can be considered the most interesting commodity for
stabilisation of biodegradable biomass and for modern bioenergy
production and for promoting international trading.

Example of interesting new pelletisation machines

* Micro pelletisation machines (for farmers or cooperatives)
* Mobile pelletisation machines (for dispersed residues)
» Multi stages pelletisation machine (for very humid biomass)
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5. Heat and Cool production

Solid biomass

- Chips: local markets

- Briquettes: local markets

- Pellets: most suitable biofuel for heat / cool production*

Liquid biofuels
- Biodiesel: good biofuel but expensive
- Biocrudeoll: expensive and problems of stability

Gasous hiofuels

- Low Heating Value: low quality biofuel

- Medium H.V. : expensive

- Biogas : good properties and reasonable cost (waste disposal product)

* the use of pellets is already competitive in most of countries in comparison to conventional
fuels, even in comparison to Natural gas (spot market price 8%/MM Btu)
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5.1. Heat and Cool Sectorial markets
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6. Power production

 Small power generators (few kWe to 1IMWe)

- Small engines or micro gas turbines fuelled by biodiesel or bioethanol
are today commercially available but with the following constraints:

 Limited time life operation
» Use of expensive biofuels

-Small power generators using solid biomass are not available
commercially. The potential world market is huge : actual business of
conventional dispersed generators is ~ 50 billions $ / year.

-Intensive R&D and Demonstration activity is under way (around the
world) on Gasifiers-Engines power generators, sterling generators,
steam engine. System but not yet a commercially proven technology.
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e Large power generators (2 MWe t 500MWe)

Solid biomass generator (steam condensing); capacity some MWe to
some tens of Mwe; hel ~ 29%; specific investment ~ 2,000 € / Kwe

Biomass Power Plant (Siemens)
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e Large power generators (2 MWe to 500MWe)

Liquid biomass advanced C.C. power generators; capacity: 50-500 Mwe
, e~ 50-57%; specific investment ~ 600-500 € / Kwe; very low
NOx,S0O2 emissions. Very efficient green power generators but using
expensive biofuels (Bio-ethanol, Bio-methanol, Bio-diesel)!

Fa- 1
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* Biomass-Coal co firing in large Power Plants

Advantages & Constraints

Most economic way to produce “green power” (High efficiency:~40%);
Possible energy contribution from biomass of 20% at present;

Large potential in the E.U. : ~50,000 MWe.

Large supply of agro-forestry biomass (~0.5 Kg dry/KWhe): 180 mio
d.t/y with great impact on rural economy;

Small supplementary investment required:~100€/KWe

Reduced CO2 and SO2 emissions from the power-plant.

More complex Combustion Chemistry;

Need of homogeneous biomass feedstock supply to not perturb the
boiler operation and plant efficiency;

Back of international standards for the biomass ;

Infrastructure needed for large-scale biomass supply;

International trade of biomass not yet established.
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Co-firing Power Plants (Examples)
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6.1. Power Sectorial markets

Green Power Production

25 MWe Biomass Power Plant Biomass —Coal Cofiring (500MWe)
( e =30%; Inv.:1.500 €/KWe; ( e =40%; Inv.: 1.200 €/KWe;

| = 5%; n =20 years; | = 5%; n = 30 years)
biomass cost=50€/dt)
Total : 0,093€/KWhe Total : 0,063€/KWhe

0,1

0,08+

OO &M
m Capital
O Fuel

0,06

0,04+

Agro-Pellets Cost = 80 €/t

0,02+
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6.1. Power Sectorial markets

Bio-electricity Market (EU-15) Targets
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Biofuels for transport : Sectorial markets

EU directive 2003/30/CE (May 2003)

Total fuel for road-transport (2000) : 310 MToely
* Bio-fuel target ratio on total fuel road-transport
** Proposal under discussion

Future Bio-fuel Target for transport
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8. Biofuel Activity Evolution

EU framework for biofuels
European directive 2003/30/CE (May 2003) :
Promotion of the use of biofuels and other renewable fuels for transport

Minimum proportion of biofuels and other renewable fuels that should be
placed on the markets of each member state (in %*) :

By December 315t 2005: 2 %
By December 31t 2010: 5,75 %

*: calculated on the basis of energy content ofpailrol and diesel for transport purposes
placed on the markets at the corresponding date.
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EU framework for biofuels
European directive 2003/30/CE (May 2003) :

Biofuels with the major technical and economic potential:

- Bioethanol (+ bio-ETBE)

- Biodiesel

- Biogas

- Biomethanol (+ bio-MTBE)
- Biodimethylether (DME)

- Synthetic biofuels

- Biohydrogen

- Pure vegetable ol
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9. Best Competitiveness levels for biofuels

Hydrocarbons Quotation Best Biofuels costs estimations
(based on Agro-pellets)
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10. Bioenergy benefits from policy supporting measures

Simple supporting measures could accelerate the large scale deployment
of bioenergy activity in the EU and world wide.

Here below some economic-effects are briefly summarised:

a. CO2-—trading
The substitution of biofuels (solid — liquid - gaseous) to conventional fuels
can reduce considerably the CO2 emissions. In particular:
- 1 Kg of pellets saves ~ 1,5 Kg CO2

- 1 Kg of bioethanol saves ~ 2,2 Kg CO2
- 1 Kg of bio-H2 saves ~ 7 Kg CO2

Therefore assuming a CO2-trading of ~20 €/Kg CO2, the average
production price of agro-pellets will be reduced considerably.
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10. Policy supporting measures

b. _Green Power certificates

Assuming an “average green certificates” value of 0,1 €/kWhe, the price
benefits of agro-pellets for the production of bioelectricity could be
(depending on the technology):

Becoming a competitive biofuel in
~ 140 -190 €/t (pellets) - substitution of imported coal!

c. Defiscalisation of Biofuels for transport
Partial or complete tax-exempt measures have already introduced in
some EU countries

d. _Defiscalisation of Biofuels for transport

The accumulated man-power new jobs income taxation (+20%),
during the lifetime operation of a bioenergy plant ( 20 years), is
similar to the required investment
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11. Evolution of activities

Taking into account the proposed targets (up to 2020), the estimated
volume of investment for the different sectorial markets are:

- Stabilisation of humid biomass: ~26 billion € ) _
« Heat market : ~50 billion € Bioenergy Total
» Power generation market: ~63 billion € > Investment up to 2020:
* Biofuels for transport market: ~35 billion € ~ 174 Billion €
-~/

The rate of penetration of bioenergy into the different sectors will depend
considerably (especially in the present phase of start-up) from the establishment
of policies related to common EU rules and from support measures as “CO2-
trading”, “green-certificates”, SO2 mitigation, NOx reduction, investment support
for the creation of supplementary jobs (in substitution of conventional energy
import).

The level of total direct job creation in the EU (corresponding to a volume of
~0,5 billion t of biomass utilised per year) is huge and estimated at ~1 million
new jobs (only biomass production & recovery).
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Sectorial markets Technologies

The Biofuel Market in Europe

(Specific Investment Indicative Figure)

'.Sne]gﬁﬁgfl *Technology *Small capacity sLarge capacity
«Stabilisation . .
«of humid 'V'I?Cha”'.ca' drying & «~ 460,000€ (1 t/h) +900,000 € (5 t/h)
«biOMass pelletisation
«Heat *Stoves *120 - 400 €/kWth (6-11 kW) .-
*production | .gpjlers « 200 €/kWth (50 kW) «170 €/kWth
*wood-gasifer + engine 3,000 €/kWe (70-500 kWe) .-
esteam engine generator 1,300 - 1,600 €/kWe .
(not yet commercial) +(50-1,000 kWe)
esteam condensing plants *2,000 €/ke *1,600 €/kwe
“Power gp «(2-4 MW =25%) «(10MWe =29%)
emefici - . esupplementary invest.:
co-firing (coal bio-pellets) «+100 €/kWe (500 — 4,000 Mwe)
*Micro-gas turbine » 1000 €/kwe .-
9 (100 kWe =28%)
*Bio-diesel production .- 300 €/t (50,000 tly)
*Transport *Bio-ethanol production »400 €/m3 *300 €/m3
P P +(330d/y op., 6,500 m3/y +(330d/y op, 100,000 m3/y)
*Bio-gas production +6,100 €/rih «3,200 €/mh
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List of activities with large potential impact:
(Some not requiring financial support)

1. Coal-biomass Cofiring (31 % of power in the EU is derived from coal. A first
target of 10% level of cofiring would mean a fast 20,000 MWe contribution ,
requiring ~70 mio t/y of dry biomass. An innovative EU technology, now
appearing on the market can makes this option technically, operational,
economically feasible.
2. Industrial agro-pellets steam-production
3. District heating (requiring high investment in infrastructures);
4. Transport biofuels (Biodiesel-Bioethanol)
5. High- quality steel

(requiring 0,5-1 t of steel charcoal pellets for 1 ton of steel).
6. Industrial Bio hydrogen /power /heat production from agropellets for crude-
oll refining.

(~10% of its energy flow consumed for heat/power in the refinery + ~1% H2
of its mass flow)
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12. Social benefits from bioenergy

* USA ~ 1 M TOE / year

bioethanol from maize

~ 7,980 jobs
agric. sector (54%)

~ 5,320 jobs
in industry and
services (36%)

~ 1,560 jobs

14,860 jobs

1 job for 67 TOE bioeth./year

plant construction
(11%)

« European Union (estimation)

~ 20,100 jobs per M TOE eth./year
1 job for 50 TOE bioeth./year

~ 63,000 jobs (agric. sector)
~ 25,240 jobs (industry)

* Brazil : (for 1 M TOE bioethanol/year):

~ 88, 240 jobs TOTAL

1 job for 7 TOE bioeth./year
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13. Conclusion
1. The world biomass potential is considerable 5,650 MTOE/y (2050)

2. The technical EU 25 : 600 MToelyear
(very long term, 38% of total consumption)

3. Some are already (heating,
cofiring, etc)

of biomass resources improves the economics

5. Some are vital to accelerate the deployment of
bioenergy

6. For the accomplishment of the proposed bioenergy targets the
estimated total (up to year 2020) is estimated at

7. A significant volume of export/trading activities can also be envisaged

8% EIME ItionEl O pEatioYSie g6ty toPpleP&n important role
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13. Conclusion

9. Bioethanol is the most promising short term biofuel also in term of
economic perspectives

10. Commercial Bio-hydrogen production from low quality biomass could be
carried out now with existing technologies at a cost (~ 2.000 €/ tH2)
competitive in comparison to H2 from natural gas (price 10 $ / BMBtu) . Bio-
H2 could benefit in future of CO2-credit of ~ 200 €/t. assuming 30€/ tco2).

11. For future large-scale, exploitation of biomass, integration of bioenergy
schemes with coal power plants; large Bioethanol plants; petrochemical
complexes and gas-pipeline infrastructures seems of great interest

12. Considerable R&D demonstration program is still needed, i.e.:

- Identification and development of energy crops

- Stabilisation of humid biomass resources

- Conversion process and technologies for biofuels production

- Advanced power generators also at small capacity (10-500 kWe)
- Potential wide range of biomass derived industrial commodities
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