Work Package 2C

Feed Stocks and Standards

Michael Doran
Rural Generation Ltd

Glasgow
September 2006



Presentation

Objectives

Overlap with EU BioNet
CEN Standards
Existing use of Biomass
New Feed Stocks
Discussion



ODbjectives Workpackage 2C

Description of work:

*Type of feedstocks suitable for each technology
*Particle size

«Size range and definition of acceptable parameters for
size distribution

«Shape and texture of feedstock including morphology
and density

*Moisture content

*Ash characteristics inclding percentages, disposal,
residues, etc

*Effective contaminants

*Feedstock preparation including harvesting techniques,
storage and pre-treatment

Comminution of feedstocks



Overlap with EU Bionet (1)

« EU BIONET 2002, an integration of AFB Net (solid
biofuels), Waste for Energy (biogas) and NTB (liquid
biofuels)

 Aim is to share knowledge, experience, spread
Information, transfer knowledge in bioenergy sector.

« Detect barriers and define strategies to overcome them,
promote contacts.



Overlap with EU Bionet (2)

 Review of the present status and future prospects of
standards and regulations in the bioenergy field

« Eija Alakangas, VTT Processes
Terhi Lensu, VTT Processes
Nina Haglund, NAH Consulting
Max Nitschke, Elsam Engineering

« BASREC Bioenergy 2003 - 2005



Overlap with Work Package 2a

Characterisation and Analysis

Anja Oasmaa, VTT

 Focused on biomass liquid products

e Derived from thermo chemical conversion
orocesses

e Share analytical data on biomass feed stocks




CEN Standards (1)

« European organisation for standardisation, CEN, In
process of developing a series of standards for solid
biofuels

« Also CEN equipment standards and guidelines, both
published and under development

 National standards in Austria, Denmark, Estonia, Latvia,
Lithuania, Finland, Germany, Norway, Russia, U.K.



CEN Standards (2)

Commission has given CEN a mandate to develop
standards for solid biofuels

Scope Is the same as the exclusions for the Waste
Incineration Directive 2000/76/EC

CEN Technical Committee TC 335 started in 2000

Technical Specifications , TSs, no later than 2006



CEN Standards (3)

TS must be upgraded or deleted every 3 years

When upgraded to full CEN standard all conflicting
national standards must be withdrawn

CEN/TC 295 relates to small scale combustion units
<50kW, 50-150kW, 150-300kW

Chopped wood, chipped wood, wood pellets, briquettes
containing natural binding materials, sawdust, coal,
lignite, coke, anthracite.

Flue gas emissions, particle content in flue gas,
efficiencies at nominal and maximum output



CEN Standards (4)

CEN/TS 14588: Solid biofuels - Terminology, definitions
and descriptions

CEN/TS 14961.: Solid biofuels — Fuel specifications and
classes

CEN/TS 14778-1: Solid biofuels sampling.

CEN/TS 14918: Solid biofuels — Methods for the
determination of calorific value

CEN/TS 14774-1: Solid biofuels — Methods for the
detrmination of moisture content

CEN/TS 14775: Solid biofuels — Method for the
detrmination of ash content



Existing use of Biomass

FINLAND
2004, 312PJ bioenergy used
Approximately 21% of primary energy consumption (Nat)
Largely CHP initialisations (OV)
Increase from 20% of bioenergy 2000

Total of 25% from renewable sources.



Existing use of Biomass

FINLAND
Biomass

e 2000 the following fuels were used to produce energy,
unspecified If heat or electrical energy.

Wood fuels 271.00 PJ
Black liquor 143.54 PJ
Industrial wood residues 82.16 PJ
Domestic firewood 45.30 PJ
Straw and SRC 0.00 PJ
Municipal solid waste 2.00 PJ

Biogas 0.75 PJ



Existing use of Biomass

FINLAND

« 20% of bioenergy usage can be subdivided into a
number of different fuel types:

Black liquor 53% 143,541 TJ
Other woods 30.3%

Tree bark 45,882 TJ
Sawdust 17,914 TJ
Forest Chips 5,451 TJ
Industrial wood residues 4511 TJ
Demolition wood 1,080 TJ
Pellets and briquettes 353 TJ
Other, not specified 6,959 TJ
Firewood 16.7% 45,300 TJ

e Data from 2002 energy usage: Electrical energy — 9,762 GWh
Heat energy — 4,818 ktoe



Existing use of Biomass
FINLAND

Biogas

2002, 26 GWh electrical produced from biogas

Biowaste

2002, 109 GWh electrical energy produced from biowaste

Liquid biofuels

Liquid biofuels for transportation, not widespread
0.186PJ used in 2004
0.1% of total transportation energy consumption

Based on two experimental projects, 5% (volume) ethanol-
petrol mix.

Small scale experimental production of biodiesel and biogas.

One noteworthy producer of transport biofuels in Finland,
capacity of 100,000 tonnes of Bio-ETBE/annum, ethanol
imported from Brazil, large amount exported.



Existing use of Biomass

SWEDEN

2000, largest dependence on renewable energy, 30% of

Its national usage being renewable — 46.7% from woody
biomass.

Biomass

2000, following fuels used to produce energy, no data
subdivided into electrical or heat.

Wood fuels 304.92 PJ
Black liquor 146.52 PJ
Industrial wood residues 120.60 PJ
Domestic firewood 37.80 PJ
Straw and SRC 5.47 PJ
Municipal solid waste 19.08 PJ

Biogas 5.04 PJ



Existing use of Biomass

SWEDEN

e Data from 2002 subdivides energy production as follows:

- 3,775 GWh of electrical energy was produced from
solid biomass.

- Use of biomass in heat production grown significantly,
2002, 4995ktoe thermal energy generated, largely
through CHP & district heating systems.

Biowaste

o 208 GWh of electrical energy produced from biowaste.
Biogas

« 17 GWh of electricity generated from biogas.




Existing use of Biomass

SWEDEN
Liquid biofuels

e 2003 amount of biofuels used, 0.2PJ biodiesel, 3.1PJ
bioethanol (largely imported from Norway, Spain, Italy,
France and Brazil), 0.4PJ of biogas, 1.3% of fuel usage.
Other biofuels, e.g., synthetic diesel &heavier alcohols,
used in very small quantities. The majority of ethanol
(85% used in low-level (5%) blends, i.e., petrol
containing 5% bioethanol. Other 15% used in pure or
almost pure (85%) blends.

Enerqy Crops

* Limited to straw and energy grass (miscanthus) — 14,300
ha grow in 2000.



Existing use of Biomass
NORWAY

Hydropower

* 99% of the electricity production, bioenergy most significant
contributor to current renewable energy supply.

Biomass

o 1999 electricity generation produced 14.7 TWh from biomass,
7.2 TWh from combustion of wood. Projections in 1999, potential
for bioenergy, over 100 TWh. 1995, heat energy produced
912ktoe. Estimated figure 2010 showed zero increase (remained
at 912ktoe) for heat energy produced (ATLAS project, 1996)

Biogas / Biowaste

e 1999, no electricity energy produced from biogas or biowaste.
Liquid biofuels

 No data found for Liquid biofuel usage in Norway

Biodiesel

« Biodiesel contributes insignificant percentage to biofuels as no
fuel distribution network(1999).




Existing use of Biomass

UNITED KINGDOM

* One of the lowest users of renewable energy sources in Europe,
only 1.3% energy from renewable sources, most from biofuels and
waste (85%).

Biomass

« In 2000, the following fuels were used to produce energy, although
no data subdivided this energy into electrical or heat.

Wood fuels 21.05 PJ
Straw and SRC 3.02 PJ
Municipal solid waste 16.47 PJ

Biogas(landfill gas and sewage sludge digestion) 37.68 PJ

« Data from 2002 does divide the energy usage as follows:
« 870 GWh of electricity energy
o 700ktoe of heat energy produced

Biogas
* Biogas generated 3,076 GWh of electrical energy in 2002.



Existing use of Biomass

UNITED KINGDOM

Biowaste
« Biowaste utilised in generation of 958GWh of electricity.
Liquid Biofuels

« Latest provisional figures indicate biofuels sales
(transportation purposes) currently (May 2005) running at
10.7million lt/month. 2003,19.5 million litres biofuels sold for
transportation purposes — approx. 0.04% of fuel sales.
Biodiesel, dominant fuel, with majority of blends at 5% or less.
Bioethanol usage limited

Feedstocks

» Feedstocks for UK biofuel production include re-cycled
cooking oils, agricultural by-products (e.g., tallow and possibly
straw) and mainstream agricultural crops (e g. cereals and
root crops for bioethanol and oilseed crops for biodiesel).
Imports could include straight bioethanol and biodiesel as well
aslbioo!:esel feedstocks including tropical products such as
palm oil.



Existing use of Biomass

Denmark

Biomass provided almost 11% of total energy consumed in 2003, no
figures yet available for 2004. Increase from 10.6% renewable
energy share in 2000. 2002, 875GWh of electricity produced using
biofuels.

Biomass

2003, following fuels used to generate energy. No electricity/heat
energy breakdown was given

Wood chips 7.0 PJ
Wood pellets 10.4 PJ
Wood waste 7.0 PJ
Firewood 11.5PJ
Straw 16.7 PJ
Municipal solid waste 36.2 PJ
Biogas 3.6 PJ
Breakdown of usage 2002: Electricity 876 GWh

Heat 891ktoe



Existing use of Biomass

DENMARK

Biogas

* Biogas was used to generate 233GWh of electricity in
2002

Biowaste

e 1,017GWh of electricity produced from biowaste in 2002

Liquid biofuels

* Produces 40,000 - 45,000 tonnes of biodiesel, which is
exported. Danish consumption of biofuels for transport
IS very low.




Existing use of Biomass

POLAND

» Electricity production from renewable sources dominated by large-
scale hydropower.

Biomass

» Generation of electrical energy from biomass quite limited, 31GWh
generated in 2001. More heat energy from biomass produced in
2001 (2539ktoe), biomass considered most promising renewable
energy within the country

Biogas / Biowaste
« 2002, no electrical energy produced from either biogas or biowaste.
Liquid biofuels

o 38,270 tonnes (48.5million litres) of bioethanol on Polish market in
2004 represented 0.30% of transport market. In 2001, 25.89ktoe of
liquid biofuel was produced.

» First biodiesel production plant came online in December 2004, with
a planned annual production of 100,000 tonnes of rapeseed oil
methyl esters.




Existing use of Biomass

GERMANY

 Renewable energy, 2000, 2.6% of the market, wood fuels 72.5% of the
renewable energy share.

Biomass

 Firewood & waste wood 240 PJ of energy 2000. Biogas only other fuel
used (0.02 PJ), no energy from straw, SRC or municipal sources.

e 2002, biomass used in production of 700 GWh electricity & 5480ktoe heat
energy.

Biogas

e 2,913 GWh of electricity was produced in 2002

Biowaste

» Biowaste used to produce 2,035 GWh in 2002

Liquid biofuels

* 1.9% of transportation fuels market. Biodiesel most dominant, 1,200,000
litres (1.76% of market) sold in 2004. Recently introduced to the market,
82,380 litres (0.12% of market) of bio-ethanol used in 2004, as was small
experimental amount pure rape oil 5660 litres (0.01% of market). No biogas
was used in 2004 for transportation.

« Total liquid biofuel production in 2002 amounted to 520 ktoe.




Existing use of Biomass

CZECH REPUBLIC

Biomass

e 1999, approx.1.6 million tonnes dry biomass used for energy
production. 2001, 432Mtoe heat energy produced from biomass.
2002, 514GWh electrical energy produced.

Biogas

o 133GWh electricity produced in 2002 from biogas.

Biowaste

e 2002, biowaste not used for electricity generation.

Liquid biofuels

o 2001, biofuels contributed 1.3% (61ktoe)to transportation fuel usage.
Biodiesel

« 2004, 46,628 tonnes rapeseed oil methyl ester produced, 1.37% of
the market.

Bioethanol

« Use is limited to experimental purposes, with expansion planned by
2007.




Existing use of Biomass

AUSTRIA

o 2000, under 25% primary energy produced from renewable
sources, hydropower dominating.

Biomass

« Data for 2000, differences in heat and electricity production
was unavailable

Firewood 66.94 PJ
Biogenic 13.35 PJ
Other biogenic 48.99 PJ

A heat/electricity breakdown was available for 2001
Electricity 1,750 GWh
Heat 2372ktoe

Biowaste

o 32 GWh of electricity generated 2000




Existing use of Biomass
AUSTRIA

Biogas

o >200 million m3 biogas produced yearly, almost 100%
currently converted to electricity by producers. Some interest
exists using biogas as fuel for transport. 200 million m3
produced in approx. 200 agricultural installations, 62 waste &
134 sludge treatment plants — waste & sludge plants
contributing approx. 170 million m3.

Liquid biofuels
Biodiesel

« Currently 9 large-scale, 3 pilot biodiesel plants in operation,
total capacity of >100,000 tonnes annum-1. Of 55,000 tonnes
produced 2004, approx. 90% exported, due to higher prices in
Italy and Germany.

Bioethanol
 There Is currently no large-scale production of bioethanol.




Existing use of Biomass
SLOVAKIA

Biomass

e 2002, solid biomass not used for production of electrical energy.
2001, 103ktoe heat energy generated from biomass.

Biogas

* No electrical energy generated from biogas.

Biowaste

* No electrical energy generated from biowaste.

Liquid biofuels

« Despite an annual capacity of 62,000 tonnes (biodiesel), production
of biodiesel dropped from over 30,000 tonnes in 2002 to slightly over
3500 tonnes in 2003. This drop in production is largely due to the
abolition of state subsidies. Of this 3500 tonnes, 500 tonnes was
exported, the remained being utilised in the domestic market.

« Data on the production of bioethanol was unavailable.




EXxisting use of Bilomass

FRANCE

e 2000, electrical energy production dominated by nuclear
energy (77.9%), biofuels approx 0.5% of the market.

Biomass

» Electrical production in 2000
Nuclear 415.200 TWh
Agricultural residues (Straw; SRC) 0.378 TWh
Municipal solid waste 1.520 TWh
Biogas 0.346 TWh

e 2002, solid biomass generated 1,405 GWh of electricity.

e 2002 thermal - 9.2Mtoe heat from biomass. Dominated by
use of logs in domestic wood-firing systems, with 8.5Mtoe
being generated.



EXxisting use of Bilomass

FRANCE

Biogas
« 406 GWh electrical energy generated from biogas in 2002.
0.3 Mtoe thermal energy from biogas.

Biowaste
« 1,714 GWh electricity produced from biowaste in 2002
Liquid biofuels

e 2003 consumption of bio-ETBE, 164,000 tonnes from 77,190
tonnes of bioethanol. Consumption of biodiesel, used as
blend of 5% in diesel, 321,000 tonnes in 2003. Combined,
amounts to approx. 0.7% (based on energy content) of total
diesel and petrol use. 2002, 466ktoe of liquid biofuels were
produced.




Existing use of Biomass
BELGIUM

Biomass

« Energy market heavily dominated by nuclear power. Solid
biomass (with no distinction between types) used to generate
189 GWh electrical energy in 2002. Heat generated from
solid biomass, 2002, amounted to 384ktoe.

Biowaste
* Biowaste generated 413 GWh in 2002.

Liguid biofuels

* Very limited use of biofuels. Currently (2004) no fuels used
for transport purposes. Biogas, generated for use purposes
other than transportation, amounted to over 800GWh in 2004,
an increase from 140 GWh in 2002.




Existing use of Biomass
HOLLAND

* With exception of a number of small-scale demonstration projects,
iInvolving approx. 4 million litres of biodiesel & pure vegetable oil, no
biofuels available on the Dutch market. Production potential of
Holland is practically nil as Netherlands lacks the production
facilities needed to manufacture biofuels.

« Use of solid biomass (including co-firing) generate 1,260 GWh
electrical energy in 2002, via use of appro. 0.4 million tonnes clean
biomass (no distinction was drawn as to types of biomass).

e Heat production from biomass sources totalled 324ktoe in 2001.

Biogas
e Biogas generated 304 GWh of electricity in 2002

Biowaste
 Biowaste generated 971 GWh of electricity in 2002
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+II %

e High ash contents for all crops.

* C, H, N, content i1s similar for all materials tested and
together with the measured ash content yields.

 Higher Heating Values (HHV) are ~17.5 to 18.5 MJ/kg.

« Ash content of all four crops is much higher than wood
feedstocks:
- soll contamination in the harvesting process

- need for specialised harvesting equipment and careful
practice.



Remarks on Ash Composition

Toxic metals content iIs low and Iin line with other biomass
feedstocks (no problems anticipated).

Alkali metal levels are high compared to wood: (Plant
physiology/distribution of nutrients). For giant reed, miscanthus
and switchgrass they are within the range expected for straw.
Cardoon samples have demonstrated extremely high levels of
Na K and Ca.

For pyrolysis high alkali content will result low bio-oil yield and a
low fuel-quality oil.

Ash melting behaviour was acceptable for fluidised bed
gasification for all crops except cardoon, work is ongoing.
Combustion tests have shown high ash volumes.
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Compared to wood fuels the combustion of perennial crops is
much more challenging. The main reason is the high ash content
of these crops.

Results from combustion test runs at laboratory-scale and at
pilot-scale revealed that problems with ash melting are to be
expected. These problems could be avoided by an appropriate
design and control of the furnace.

During the pilot-scale test runs increased NOy-emissions, have
been detected. NOy-emissions are closely related to the
concentrations of N in the fuel, which are typically high in the
perennial crops investigated and thus a reduction by primary
measures is difficult.
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The main challenges concerning the design of an appropriate
combustion system are:

The design of a suitable fuel feeding system

(Bales are probably the easiest and most efficient way to
transport these fuels and presumably also the best way of using
these crops in large-scale combustion plants)

The design of a grate which is applicable for the combustion of
fuels with high ash contents.

A furnace and boller design as well as a process control concept,
which reduces problems with slagging and deposit formation in
the furnace and the boiller.

The application of appropriate technologies for NOy-reduction as
well as the precipitation of fine particulates.
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The establishment, cultivation and harvesting of all four species can
be performed without needing new agricultural methods.

Compared to wood fuels, the combustion, gasification and pyrolysis of
the selected perennial energy crops is much more challenging. The
main reason for this is the high ash content and its chemical
composition but also the fuel itself.

The chemical composition of the perennial crops is closer to straw
than woody biomass fuels therefore technologies for thermal
conversion of straw should be considered for these crops.

Giant reed and cardoon would not suitable for the production of liquid
fuels from fast pyrolysis without pretreatment to reduce the content of
ash and alkali metals.

Pelletisation and mechanical harvest can significantly increase the
ash content of the fuel due to inclusions of soil contamination. Thus
care has to be taken during harvest not to unnecessary contaminate
the fuel.



Discussion

Biomass species
Technological aspects
Logistical aspects
Environmental aspects
Legal aspects



Biomass Species

— Classification of existing biofuels

— Plantations specifically for energy use
— Quantities

— Geographic distribution

— Characterisation as fuel

— Characterisation of ashes and the influence
on end-use

— Seasonal variation



Technological Aspects

Methodologies used for collection
Plantation and production methodologies
Densification to transport

~uel Preparation




Logistical Aspects

— Geographic distribution vs. end-use
application

— Transport
— Costs
— Storage on-site



Environmental Aspects

— Implications of fuel collection and transport

— Influence of the use of biofuels on
e Effects on CO2 emissions
o Effects on other emissions

e Effects on ash characteristics



Legal Aspects

— National legislation
— EU legislation



