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0 Executive Summary
WP3 includes all technological developments for the components of the whole active system
presented in the BRICKER concept, being the main objective of Deliverable 3.14 to define the
requirements and make the specific design of the biomass plant to work as a hybrid system for
the Cogeneration prototypes in Belgian and Spanish demosites.
For the configuration of biomass equipment, it has taken into account the energy demand of
buildings, the available space and the typology of building.
Both Belgian and Spanish are public buildings. The first one, which is the Engineering School of
the city of Liege, has a heated floor area of 23,600 m2, whereas –Spanish demosite (an
administrative building), occupies 8,135 m2. Both have their peak demand during the morning
when are fully occupied, but in Belgian case a small heating demand should be also covered
because it has 164 m2 for students dwelling. Apart from the size, the building typology and the
available place around them are different; the Belgian case is integrated in the city and the
biomass combustion plant should be placed in existing and adapted rooms while the Spanish
case can be designed without any configuration restrictions in an external industrial
warehouse where locate all the equipments required for the project.
Because of this place limitation and according to the storage and supply requirements, the
biomass able to be used is different in both cases. Spanish demo can consider the use of wood
chips, olive kernel, almond shell or pellets, while Belgian demo only can use wood pellets. For
the final selection of the biofuel each local market has been analysed. Spanish democases
preferences are chips and pellets. The estimations of costs reach 15,880 €/year in the case of
pellets and, 37,697 €/year in the case of wood chips, which correspond with a total
consumption for each type of biomass of 408 kg/day and 547 kg/day respectively. The daily
consumption of 863 kg/day of pellets in the Belgian democases would cost 74,025 €/year.
The boiler, that is the most important equipment of the biomass combustion plant and should
supply heat to the ORC device, will use Thermisol SP as thermal fluid to be able to activate the
ORC device over 200ºC. With a size of 1,500 kWt for the Belgian case and 500 kWt for the
Spanish one, the ash cleaning and extraction system will be automatic.
The installation of these biomass combustion plants will be done through tendering processes.
In order to ensure the fulfilment of the technical requirements at the same time as it is
allowed a sufficient competition, a market study has developed to identify the different
manufacturers/providers able to provide BRICKER with the suitable option to overcome all the
restrictions and cover all the objectives described along this document.
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1 Introduction
The WP3 covers all the developments related the energy production technologies used in the
BRICKER concept: the cogeneration prototypes based in the Organic Rankine Cycle (ORC)
technology, the biomass boiler required for activating it and the solar collectors and for
complement this activation. Task 3.6 covers the requirements definition and the specific
design of these biomass boilers, and this Deliverable D3.14 shows the results of this task with
the specific objective of defining the biomass boiler plants necessary to provide heat in the
Belgian and Spanish demonstrators according to the layout defined in WP4 for both
demonstration buildings.
Deliverable D4.7 describes BRICKER system configuration for both demonstrators and defines
the power required by each biomass combustion plant. In this deliverable, D3.14, both plants
will be described and possible commercial solutions will be shown. The equipment selection
will be done through a public tender and this deliverable will help for its redaction.
This document describes the state of the art of different biomass boilers, storage and feeding
systems available in the market for cogeneration plants, and also their characteristics and
possibilities for being used in the BRICKER system. Also possible biomass types, their price and
possibilities for being use in each demosite will be considered. The technological selection for
specific cases of Belgian and Spanish demonstrators will be described.
Biomass local market will be also studied in this deliverable, because biomass availability and
price is a limiting factor in the profitability of these plants. An optimization of the biomass
supply will be considered to minimize the economic and environmental impacts. Additionally
to this optimization, an ashes management strategies and measures to reduces boiler’s
emissions, will be consider also for minimize these impacts.
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2 State of the art of biomass combustion plants working as

hybrid systems for Cogeneration and tri-generation
Biomass combustion plants are common heat providers when a renewable energy source is
required for cogeneration and tri-generation. As is shown in Figure 2-1 different types of
biomass and transportation, storage and feeding systems and biomass boilers can be used for
supply heat to the power generation units. Depending on the level of the heat required, the
quality of fuel and the specific requirements of the generation units, different devices will be
used in the combustion plant.

Figure 2-1: Types of the biomass combustion plant components

Parts of a biomass combustion plant is shown in Figure 2-2

Figure 2-2: Parts of a biomass combustion plant.
Source [2]

In this section an overview of different solutions for each step will be described in order to
show different possibilities. The chosen solution for the specific Spanish and Belgian demo
cases will be described and justified in sections below (section 4)
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2.1 Types of biomass to be studied in BRICKER
Different types of biomass can be used as fuel for energy production: wood (logs, chips or
pellets), energy crops, agricultural crop residues, wood manufacturing by-products and farm
animal litter. The selection of type to be used can be complex as it depends on many factors.
While cost is a key driver for fuel selection, the space available for fuel storage, access for fuel
deliveries and the method of delivery are all key considerations.
For heating public buildings, dirty or smelly biomass can´t be used (contrary what happens
sometimes in industrial heating), so farm wastes are not an option for BRICKER demonstrators.
Some agricultural and agroindustrial residues and also wood manufacturing by-products
usually require too big size storage, whereas wood logs don’t allow as automation levels in
boilers as the efficient heating requires, so can neither be considered as BRICKER option.
Because of this, pellets and wood chips seem to be the best biomass type to be considered in
BRICKER demonstrators. Near the Spanish demonstrator, olive kernel (that is a clean and high
density agricultural residue) will be considered as possible option additionally to wood chips
and pellets.

2.1.1 Wood chips
Wood chips are small pieces of wood from forestry activities (cleaning, pruning, and cutting),
wastes from processing wood industry, or woody energy crops (see Figure 2-3).
They are classified according to their moisture content and particle size distribution (5-100
mm). The quality as a biomass product depends on their nature and origin and the materials
and technologies used for collecting and chipping.
It is a fuel product relatively cheap, since their production
requires simple mechanical processes, and can change for
different qualities.
The use in very large applications is recommended (districtheating, industrial boilers), where there are no problems with
space available and a good maintenance service can be carried
Figure 2-3: Wood chips
out. Since wood chips density is very low (0.2 kg/l), it is usually
required wide storage space to cover thermal requirements.
Wood chips will be as homogeneous as possible to avoid any blockage in supplying systems.
The biomass supply and combustion systems have to be adapted to the wood chips
characteristics (especially size and moisture).
Its use sometimes involves logistical and supply difficulties (free space for biomass delivering,
frequently storage feeding). Wood chips cannot be downloaded pneumatically by most
suppliers; therefore their use is normally restricted to underground silos, manual loading and
gravity feeding.

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

D3.14: Two tailor made designs of the biomass combustion plants for Belgian and Spanish demonstrators

15 / 128

2.1.2 Pellets
Pellets are characterized by their quality as fuel, they are small cylinders made by biomass
powder densification (see Figure 2-4). They are usually made from several residues as forestry,
agricultural or industrial biomass, and also from energy crops, but the most common pellets
are the wood ones.During the pelleting process, the raw biomass
is highly compressed. Natural binders are used for facilitating
compaction, such as starch or lignin, while chemical additives are
not permitted.
Their size ranges from 6-12 mm in diameter and 10-40 mm in
length. Dies used in pellet plants define the final size of the
Figure 2-4: Wood pellets
product, depending on the final application. For residential
applications, dies with smaller diameters are selected. For industrial applications, larger
diameters can be selected.
Pellets is one of the highest densified biomass products (0.65-0.68 kg/l), the space required for
storage is low, but more than the required by conventional fossil fuels because biomass
presents less heating value.
Pellets are clean and with a homogenous size that allow their automatization. They can be fed
to the boiler mechanically, pneumatically or manually. The boiler maintenance required is less
than using chips.
They are more expensive than chips, but their thermal heats are higher and have transport
costs lower due to their high density.

2.1.3 Olive kernel
Olive kernel is dry and without olive pulp is a by-product of the olive industry (see Figure 1-5).
Its size (<5mm) allows its pneumatic feeding and automatization
in biomass combustion, having a behaviour similar to pellets at a
less price.

Figure 2-5: Olive kernel

The olive kernel density is similar to pellet density (0.65-0.68
kg/l) so the storage required for both cases is similar.
Nevertheless its moisture is high (varying from 10% to 25%) and
the ash content is also high, so its quality as fuel is quite worse.

Due to its density, the heat power is high and the transport cost is reduced. Its price is low but,
as agricultural residues its production is stationary and could not be available during all the
year.

2.1.4 Almond shell, pinecone seed shell and pinecone shell
These biomasses shown in Figures 1-6, 7 and 8, are by-products from dry fruit industry. Their
production is large in countries such as Spain although it is a seasonal biomass and supply must
be agreed with the producer. Concerning properties as fuel, they normally have a high calorific
value and a low water content with a density value of 0.35 kg/l. However, caution must be
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taken with the moderate ash content since its use in boilers can imply maintenance tasks. This
type of biomass is suitable for multi-fuel biomass boilers, being its low cost the main
advantage.
A comparative study of the characteristics between the different types of biomass is shown in
Figure 2-9.

Figure 2-6: Pinecone
seed shell
Source [3]

Figure 2-7: Pinecone shell
Source [4]
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Low.
Density:
600-700
3
kg/m
Good fuel
Ashes: 1-2%
Wet: 12-20 %
Cl: 0.01 %
Low S <0.05 %
Variable
composition
Medium
frequency

Good fuel
Ashes: 1-2%
Wet: 8-15 %
Cl <0.05 %
S <0.02%
Variable
composition
Medium
frequency

Expensive

Expensive

High but
stationary fuel
High price
Low cost
Low cost
Cost of
3.64 c€/kWh
1.39 c€/kWh
2.3 c€/kWh
acquisition
177 €/ton
52-67 €/ton
60 €/ton
Figure 2-9: Characteristics compared between biomass types
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High
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2.2 Biomass quality
For knowing how good the fuel is for a biomass combustion system, normative and quality
marks have been developed during recent years. Although countries with a strong tradition
using biomass as fuel has their own normative (as the German DIN 51731 or the Austrian
ÖNORM M 7135), most of the countries follow the European Standard EN-14961, that covers
all kind of biomass types. This European standard was created following some of those
national norms with the intention to unify criterion and promote European pellets even to
third countries. Moreover, international standards ISO 17225-series have been approved
during year 2014 and are in the point to be published in each country.
The quality marks have been developed for helping the user to identify the quality of the
biomass that they can buy. In this line, for the case of pellets, DIN Plus follows the European
standard DIN EN 14961-2 and the certification system ENplus© follows the European Standard
EN-14961-2 (and from recently the International Standard ISO 17225-2) regulating and
controlling the quality of the wood pellets.
Following it is presented in Tables 1.1, 1.2 and 1.3, the characteristics of Pellets DIN plus and
EN plus which are the pellets marks currently utilized in Belgium and Spain, respectively.
Pellet Din Plus covers only steam, wood and chemically untreated wood residue.
Propertie class
Unit
Requirements
D06. 6 ±1.0
Diameter
Mm
D08. 8 ±1.0
Length
Mm
3.15 ≤ 40
Moisture content
w- %
≤ 10.0
Ash content (550 ºC)
w- %
≤ 0.7
Mechanical durability as
w- %
≥ 97.5
received
Small bags: ≤ 0.5
Fines at the end of the
w- %
Large sacks and ware: ≤
production line
1.0
MJ/kg
16.5 ≥ 16.5
Net calorific value
kWh/kg
4.6 ≥ 4.6
Bulk density
Kg/m3
≥ 600
Additives
w- %
≤2
Nitrogen content
mg/kg dry
≤ 0.3
Sulphur content
mg/kg dry
≤ 0.03
Chlorine content
mg/kg dry
≤ 0.02
Arsenic
mg/kg dry
1
Cadmium
mg/kg dry
≤ 0.5
Chromium, Cooper,
mg/kg dry
≤ 10
Lead, Nickel
Zinc
mg/kg dry
≤ 100
Ash melting
ºC
Value must be stated
temperature
Table 2.1: Specifications for wood pellet DIN plus (DIN EN ISO 17225-2)
Source [6]
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Propertie class

Unit

Diameter
Length
Moisture content
Ash content
Mechanical durability as
received
Fines at the end of the
production line

Mm
Mm
w- %
w- %

Net calorific value

MJ/kg

Bulk density
Additives

Kg/m3
w- %
mg/kg
dry
mg/kg
dry
mg/kg
dry
mg/kg
dry
mg/kg
dry
mg/kg
dry
mg/kg
dry
ºC

Nitrogen content
Sulphur content
Clorine content
Arsenic
Cadmium
Chromium, Cooper, Lead,
Nickel
Zinc
Ash melting temperature

ENplusA1

≤ 0.7

w- %

ENplusA2
6-8
3.15 ≤ 40
≤ 10.0
1.5

En-B

3
≥
96.5

≥ 97.5

w- %

≤ 1.0
16.5 -19

16 19

16.3 -19
≥ 600

≤2
≤ 0.3

≤ 0.5

≤1
≤
0.04
≤
0.03

≤ 0.03
≤ 0.02
1
≤ 0.5
≤ 10
≤ 100
≥ 1,200

≥ 1,100

Table 2.2: Specifications for wood pellet EN plus (EN 14961-2).
Source [7]

Under the stamp ENplus, there are three types of pellets. The property class A1 for wood
pellets represents virgin woods and chemically untreated wood residues low in ash and
nitrogen content. Fuels with slightly higher ash content and nitrogen content fall within A2. In
property class B, forest residues, chemically untreated industrial wood by-products and
residues and chemically untreated used wood is also allowed. Slight varieties will appear in the
International Standard with respect the European Standard.
Propertie class
Ash content (550 ºC)
Net calorific value

Unit
w- %
MJ/kg

ENplus-A1
≤ 0.7

Sulphur content

mg/kg dry

≤ 0.04

ENplus-A2
1.2
≥ 16.5

Table 2.3: Specifications for wood pellet EN plus (ISO 17225-2).
Source [8]
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For wood chips any quality mark has been created, nevertheless most of the producers have
used the Austrian ONORM Standards and European Standard EN-14961-4 for defining their
quality. With the new fuel specification standards ISO 17225-series published in 2014, latter
normative has been replaced by ISO 17225-4:2014, being in Spain already approved. Wood
chips are classified in A1, A2, B1 and B2.




Property classes A1 and A2 represent virgin woods and chemically untreated wood
residues.
B1 extends the origin and source of class A to include other material, such as, short
rotation coppice, wood from gardens and plantation etc., and chemically untreated
industrial by-products and residues.
Property class B2 also includes chemically treated industrial by-products and residues
and chemically untreated used wood.

Austrian Standards classifies the chips for water content (W20-W50) and size (G30-G150),
being this nomenclature widely known.
In the case of residues as olive kernel BIOmadSud is the quality mark (Figure 2-10) for this
biomass type. This is a result of a European Project in which has established the limits for
industrial kernels (olive, almond, pine, etc.). Currently, it has been approved the UNE 164003
which classifies the olive kernel in three types: A1, A2 and B.

Figure 2-10: BIOmadSud stamp.
Source [9]

2.3 Biomass transport
Biomass material can be transported into the biomass combustion plant in different forms
depending on the biomass type and form, quantity, intended customer, distance and the
storage system.
Bags
Domestic sizes 15-25 kg or 1 m3 big bags are suitable for wood pellets. Small bags may be
stacked on pallets and sold from commercial retail outlets such as petrol station forecourts.
These and big bags may be transported and delivered by flatbed trailer.
Flatbed trailer
Widely available and suitable for a wide range of applications. Can be used for palleted bags of
pellets, bales of straw or with bolster pins can transport large logs.

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

D3.14: Two tailor made designs of the biomass combustion plants for Belgian and Spanish demonstrators

20 / 128

Tipper truck
Standard, widely available equipment used
for a wide range of loads. Suitable for wood
chips, pellets, some industrial, agricultural
or forestry residues, etc. With suitable
design of biomass storage delivery can be
as simple as tipping the load into the store
(Figure 2-11), thus removing the
requirement for any additional handling or
equipment.

Figure 2-11: Tipper truck discharging biomass.
Source [10]

Pneumatic truck
There are a range of tanker type, and other, specialised enclosed vehicles that are used for
fluid loads such as liquids, slurries, grain and animal feeds.
Tankers equipped with a pneumatic delivery system (see Figure 2-12), can be used very
successfully to deliver wood pellets to domestic and small scale district heating installations.
This can offer a very convenient, clean delivery system, allowing a domestic pellet store to be
filled via a flexible pipe, over a distance of up to 30m. With regular, scheduled delivery this can
make using wood pellets as clean and convenient as using oil.
One common mistake is for tanker drivers to deliver at too high pressure, and this can lead to
damage to the pellets and potentially a high proportion of dust. This is exacerbated by poor
store design, such as tight, right angle bends in delivery tubes, and the delivery tube opening
directly opposite a wall or hard surface. It is recommended that there be a soft baffle opposite
the delivery tube within the pellet store.

Figure 2-12: Pellet pneumatic truck discharging in a silo
Source [11]

There has been some development work on pneumatic delivery of wood chips, however they
do not flow as reliably as pellets so blown delivery is slower, noisy and generally more
expensive than tipped delivery.
Walking floor trailer
Specialist equipment for delivery of wood chips in bulk. As they are totally enclosed they can
be filled directly from the output of high throughput wood chippers, such as whole tree
chippers, in a matter of minutes, requiring the minimum of handling.
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2.4 Fuel supply contracts
Fuel supply contract defines conditions for the purchase of fuel among supplier and end user.
The supplier agrees to supply to the end user and the end user agrees to purchase from the
supplier the biomass on the terms and conditions defined.
Some points which must be included in a biomass contract are:
-

-

Contract duration.
Biomass specifications: fuel quality declaration with the main characteristics of the
fuel: heating value, moisture, ultimate analysis (C, H, N, O, S, Cl), proximate analysis
(volatiles, fixed carbon and ash), ash fusibility and ash composition. Durability in case
of pellets.
Biomass delivery: amount of biomass, frequency in the biomass deliver, notice period
requesting delivery of fuel, type of delivery truck.
Terms of payment.

A reference contract can be found in Annex I: Source [12]

2.5 Biomass storage
Type and size of biomass storage systems depends on available space, days to be covered and
biomass quality. Bigger sizes are necessary for chips than pellets, while brick storage is usually
constructed for higher consumers. Systems as bag silos or underground tanks are only
available for pellets fed pneumatically while the rest or storage systems can be used for
several feeding and storage configurations.

2.5.1 Brick storage pit
One side sloping floor
This configuration is the ideal system for silos with square shape. The inclination of the floor
determines the need of scrapes. A small slope gives bigger storage volume, but carries the
need of scrapers, since gravity is not enough to ensure the continuous supply of biomass to the
boiler. An example of this system is showed in Figure 2-13.
For higher inclination degree, no scrapes are used. They generate strong irregularities in its
operation due to the difference of strength which must be applied on the bottom and top of
the storage.
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The loading is carried out through a trap door.
Discharged can be carried out by a worm screw or
pneumatic system
The inclination of the floor determines the
discharge system and can vary significantly the
installation cost.
For small slopes, the ramp angle and the boiler
position is designed in such way that the
Figure 2-13: One side sloping floor.
extracting worm screw is connected directly to the
Source [13]
input of biomass to the boiler. It makes
unnecessary the installation of a screw elevator, as is required for two sides sloping silos.

Two sides sloping floor
This is the best solution in rectangular silos
where a scraper could not sweep all the
surface.
It is formed by two false sloping floors,
allowing the stored biomass slide by gravity
to the worm screw (that joins both sloping
floors). Biomass can be fed into the boiler by
screw transport or pneumatic supply (see
Figure 2-14).

Figure 2-14: Two sides sloping floor.
Source [13]

The loading is carried out automatically or directly through a trap door.
The design of the slope and height of the floors is very important to avoid blockages. A slope
between 35 and 45º is recommended for easy emptying of the silo, although it involves the
appearance of unusable volumes (up to 1/3 of the total volume of the silo).

Horizontal floor with scrapers
The level floor needs some horizontal hydraulic scrapers to drag the biomass as is showed in
Figure 2-15. This solution involves higher costs but optimizes the volume of the silo.
The rotary scraper (steel slats) are cheaper and can be used with a broad variety of fuels.
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The loading is carried out directly through a trap door or pneumatic system. The supplying
system of the boiler may be carried out by worm
screw or pneumatic system
For heterogeneous fuels, direct semi-automatic
loading and unloading is recommended. It is the
best option when a limited volume is available or
fuel has low density.

Figure 2-15: Horizontal floor with scrapers.
Source [14]

The base of the silo must match with the scraper
shape (round, square) to avoid unusable volumes.

2.5.2 Prefabricated storage pit
External hopper
This hopper allows a large storage (up to 3000 kg), increasing the autonomy of the boiler. They
are usually located next to the building and boiler, and allow easy modular transport. These
systems are easy to install and does not require making any work, and is a recommended
solution when space is limited (see Figure 2-16).
It is loaded pneumatically. The supply of biomass to the boiler may also be with pneumatic
system or worm screw.
This solution is a coupling together a dwelling previously built, thus sometimes the design of
the hopper is not matched to the overall aesthetic.
It can be a practical and economical solution for biomass storage, but it must comply with the
requirements of a stock of biomass (adapted to the type of
storing biomass, easiness of filling, good air circulation).

Bag silo system

Figure 2-16: External hopper
Source [15]

They are made from canvas or polypropylene, making them
permeable to air but not to the powder. They are supported by
a metal frame grounded to prevent electrostatic charges (see
Figure 2-17).
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They can store up to 5t of biomass. It is loaded pneumatically or semi-pneumatically from the
top, and discharged from the bottom by a worm screw or a pneumatic system.
It can be installed both inside and outside the building.
Square or rectangular shape to optimize the use of space,
easily adapting to the available volume.
It is an optimal system when there are no space
restrictions.
Indoors, it is recommended to avoid direct contact of the
tissue silo with damp walls (cellars, basements).

Figure 2-17: Bag silo storage
system.
Source [15]

In outdoor installations, protection against weather (rain,
wind, solar radiation) is required. It is also necessary to
cement the silo with concrete bases isolated in each post
(depending on the size of silo) to support the weight of the
full volume.

Underground feeder tank system
Biomass tank buried outside of the house. Biomass can be supplied to the boiler by pneumatic
system or a worm screw.
As is located underground, it has not influence in
the building aesthetic (see Figure 2-18).
Option chosen when there is not enough space for
the storage of biomass.
It must be resistant to corrosion and weather, due
to the complexity that the replacement would
involve.
The connection of the underground storage with
the house must be watertight using corrugated
tube to a minimum depth of 300 mm regarding
ground level, by which all system conduits pass.

Figure 2-18: Underground feeder tank
systems.
Source [16]
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2.6 Biomass feeding system
Internal biomass transport from storage silo to boiler can be done pneumatically (Figure 2-19)
or mechanically (Figure 2-20 and Figure 2-21). The main advantages of pneumatic systems are
flexibility with regard to the arrangement of the
lines and the possibility of overcoming great
distances. Thus furnace room and storage facility
do not necessarily have to be close to one another
as in systems with feeding screws and they do not
have to be aligned like in conventional screw
systems. On the other hand, the increased noise
and dust formation are the main disadvantages
that they have.
The mechanical feeding systems can be done
using rigid or flexible conveyors. The rigid ones
are limited by their inflexibility and not have the possibility of being used in length alignment
of furnace and storage, neither for distance between them too long. The main benefit of
flexible screws is, even though tight curves should be avoided, their ability to curve.
Figure 2-19: Pneumatic system
Source [17]

Figure 2-20: Rigid feeding screw
Source [18]

Figure 2-21: Flexible feeding screw
Source [19]

Note: Conventional, flexible screws and pneumatic systems may be combined. The energy
demand of such combinations is greater than it is for the single system alone.
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2.7 Biomass boiler
The biomass boiler is the equipment where biomass is fed and burned and the heat is
transferred into the thermal fluid that will heat the cogeneration and tri-generation unit.
Biomass boilers are larger than fossil fuel ones because biomass has a lower energy density. In
the combustion of biomass it is needed more excess of air, as well as a different distribution
between primary , secondary and tertiary, of its high volatile content.
It is possible to burn safety and efficiency different types of biomass but the boiler will be far
more expensive. Additionally, biomass boilers have a high inertia and also the start and stop
time is longer. Some advantages and disadvantages of biomass boilers are shown in Figure
2-22.

Figure 2-22: Advantages and disadvantages of biomass boilers

Different boilers can be used depending on biomass characteristics, level and quantity of heat
required, and the place to be installed. The main differences will be in the type of burner
(stoker or grate), the thermal fluid (water, steam or thermal oil), and the way to heat this
thermal fluid (circulating it through the exchanger pipes in a water tube boiler or through the
exchanger shell).

2.7.1 Biomass burner
Stoker burner
The stoker burner can be horizontal or
underfed. The horizontal type (Figure 2-23)
shows the simplest technology than a
burner can have. It is cheap and with fast
response to load variations. Nevertheless
its disadvantages make necessary other
burner types: it cannot use biomass with
more than the 35% of moisture, the wood
Figure 2-23: Horizontal stoker burner
chips size must be consistent and small,
Source [20]
readily produces black smoke when fuel
too wet, the poor separation of primary and secondary air gives incomplete combustion of
wood gas and slag formation on the grate because the hottest (secondary) combustion zone is
immediately above the grate, and grates water cooling is required.
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The
underfed
stoker
burner
(Figure
2-24)
improves the combustion
while allows biomass up to
50% and is always
configured with separate
primary and secondary
combustion air control.

Figure 2-24: Underfed stoker boiler with Watertube heat exchanger
Source [20]

Moving grate
The moving grate boilers
are more expensive than
previous ones, but they can
consume
less
quality
biomasses (with high water
- up to 55% - and ash
content). They usually are
used for high power
required (more than 1,000
kW).
Grate angle depends on fuel
Figure 2-25: Moving grate boiler with Shell-type heat exchanger
Source [20]
type, and particularly on
biomass moistures. For more water content more steeper for the grate angle.
This burner type can burn all biomass fuel types while avoids clinkering and blockages, so is
overall the best design for a biomass boiler. Nevertheless slow response to load swings
because of high fuel loading on grate have to be taking into account during boiler operation.

2.7.2 Heat exchanger
For heating the thermal fluid with the biomass hot fumes, the heat exchanger can be design
using two main different configurations. In a watertube boiler (Figure 2-24) the thermal fluid
circulate inside the exchanger pipes while circulate through the shell in a shell-type boiler
(Figure 2-25). The selection of this confirmation depends on the ash content in the biomass
fumes, the pressure required in the exchanger, and the specific boiler design of each
manufacturer.
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2.7.3 Thermal fluid
The thermal fluid depends on the heat level required and the location of the boiler (and the
specific legislation applied to allowed pressure on it).
Water is used when less than 100ºC are required, and glycoled pressurized water can be used
until 180ºC. But for cogeneration and tri-generation, temperatures up to 300ºC are required,
so thermal fluids as glycol water, steam or oil are required.
When using steam or pressurised water these high temperatures correspond to very high
operating pressures. Such pressurized steam or water systems are usual at industrial level but
not recommended in building sector (because of the extra costs of the security conditioned
room required for high pressure equipment, and the one person full time on charge of the
installation). Because of this, thermal oil substitutes them as heat carrier. The thermal oil can
operate at atmospheric pressure up to 300°C. For comparing with other thermal fluid, to
obtain this temperature with glycol water, the pressure required would be 85 bar.
Apart from this operation at atmospheric pressure, the thermal oil has advantages as:
adjustable set-points of operating temperatures, no equipment for pre-treatment of boiler
feed water to maintain, no heat loss due to hot condensate and flash steam - high efficiency
and better operation economy, no risk of corrosion and no risk of freezing damages, low
maintenance costs, quiet in operation with no steam stroke or flash steam / condensate noise,
and easy to operate (while does not requires team boiler certified staff). On the other hand,
the main disadvantages are: i) its high viscosity that gives high energy demand for pumping,
leaks and oil degradation being required replacement each 6-10 years, ii) toxicity problems
when temperature reach more than 300ºC, and iii) its price (around 1-3 €/l).
A summary of advantages and disadvantages for different thermal fluids can be shown in the
Figure 2-26.

Figure 2-26: Advantage and disadvantages of different thermal fluids
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2.8 Ash cleaning and extraction system
The ashes accumulated in the heat exchanger and the burner has to remove from their surface
to avoid an efficiency reduction and extract from the boiler periodically. This cleaning and
extraction can be made manually (as happens in smallest and domestic biomass boilers- Figure
2-27) and automatically (Figure 2-28).

Figure 2-27: Manual cleaning of the heat
exchanger surface
Source [21]

Figure 2-28: Automatic cleaning of the heat
exchanger surfaces
Source [22]
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3 Local markets for the biomass supply
The use of biomass for small and medium scale heat production is continuously increasing
across Europe. In Spain and Belgium, this market is nowadays well established with a large
number of suppliers so that new users do not have any problem for acquisition of fuel.
However, biomass price differs among suppliers depending on several issues, mainly biomass
quality, amount of fuel acquired and distances from manufacture plant. Other point is the
moment of purchase (yearly and season).

3.1 Biomass market for Belgian demonstrator
Prices are sometimes available in internet; however, suppliers provide such information as a
way of commercialization of the product so that such data must be verified by each case.
There are also documents developed by biomass associations or in the framework of projects
as a way of promoting this type of fuel which compile biomass price data. In general, a
common problem of the accessible information is the inconvenient of comparing prices since
some details are not well known: biomass quality, if prices include taxes or transport costs, etc.
Furthermore, biomass costs can vary with the distance or amount of biomass delivered, type
of conveyance, etc.
Biomass market data in Belgium are not well known since there is no national association
serving as industry platform. However, this role is partly played in the region of Wallonia by
ValBiom, which is the region where the Belgian demo site is placed, existing thus more
available data from this region than the entire country.
Biomass market data from Belgium have been analyzed in two projects: Pellets atlas
(www.pelletsatlas.info) and Pellcert (www.enplus-pellets.eu/pellcert). International Energy
Agency through Task 40 covers also this field (http://www.bioenergytrade.org/). Wallonia data
are provided by the Association for biomass valorisation (ValBiom: www.valbiom.be).
In Belgium, biomass is used mainly for electricity production. In fact, 3.3 % of the electricity
production is achieved with solid biomass. Wood pellet is the main type of biomass
commercialized for electrical and thermal applications and olive byproducts and chips in a
lower degree.
Wood pellets market is characterized by a large demand for industrial pellets in power
production, a young pellet production industry with limited production and a fast developing
market for residential pellet heating. This huge demand requires the importation of the fuel
since national biomass cannot satisfy the needs of large power plants. Importations are made
mainly from industrial pellets. Biomass is shipped from France, USA, Canada and Germany.
Pellet production started in 2005 in Wallonia, latter in Flanders and any producer is placed in
Brussels. According to Project Pellets Atlas, pellet production capacity in Belgium (year 2008)
amounts to at least 450,000 tons. Considering additional small scale producers, the capacity
might even be around 500,000 tons and it is estimated a production of 325,000 tons and a
total pellet consumption of 920,000 tons. Around 800,000 tons of industrial pellets feed two
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power plants located in Rodenhuize (near Gent) and Les Awirs (near Liège). First mentioned
plant generates electricity from coal and wood pellets (25 %), whereas Les Awirs plant fires
100 % pellets. On the other hand, the consumption of high quality pellets in the heating
market can be roughly estimated at 120,000 tons and the country counted with around 4,400
pellets boilers and 16,500 pellets stoves installed (year 2008).
Number of
register
producers
8

Production
capacity
(tonnes)
450,000500,000

Production
(tonnes)

Storage
capacity
(tonnes)

Consumption
(tonnes)

Large scale
consumption
(tonnes)

325,000

0

920,000

800,000

Table 3.1: Overview of biomass market in Belgium.
Source [23]

Biomass market has grown enormously in last years accomplished to supportive measures
such as green certifications for electrical production and for financial support for the purchase
of biomass equipments. Wallonia region is the territory where biomass has acquired special
importance. This is linked with its large forest surface as well as for the implementation of the
incentives for replacement of oil boilers.
Following Figures 2-1 and 2-2 match with Wallonia and correspond to updated data compiled
in Project Pellcert (year 2010). The region counted by this year with 7 plants for a production
capacity of 460 kt/y and a production of 286 kt. Most of pellets are used in the power plant Les
Awirds which works at full load with this fuel. Only 97 kt were dedicated to residential market
for feeding around 1,000 pellet boilers and 9,000 pellet stoves. Given the large consumption of
previous mentioned power plant (around 400,000 tons of industrial pellets) imports are
necessary. Apart, imports for heating applications in residential sector reached 10 kt in 2010
and exports were done for around 2 kt (France). Consequently, storage is quite small and few
problems of storage happened in 2009 due to a very cold winter. Since this period, producers
organize themselves to optimize the storage (Wallonia counts close to 150 stakeholders like
manufacturers, importers, traders and installers).
Figure 2-1 shows the evolution in Wallonia of pellets factories.

Figure 3-1: Pellet production capacity vs. noted production.
Source [24]
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The pellets are mainly supplied with the help of stores network in bagged packaging but the
delivery in bulk is growing with at least 7 trucks available in Wallonia (data 2010). This delivery
is done mainly in pallets. Pneumatic truck option is also possible. Pellets are made of sawdust
and round wood from own sawmill activity although it is necessary also to buy from foreign
sawdust market.
Pellet quality has currently importance, being DIN+ certification system the most popular in
Belgium. ENplus is hardly employed. Nevertheless, pellets sometimes do not meet the
required quality, although this tendency is changed. For pellets to be used in small scale
devices (output < or = 300 kW), critical values of quality must be respected but any specific
label is mandatory. Furthermore, the Belgian authorities require a certification for the origin of
the imported wood fuel delivered to the power plants from all parts of the world.
Taking into account that biomass capacity of boiler for Belgian demosite will be 1,500 kWt,
corresponding with a consumption of 315 tons pellets/year, it can conclude that the impact in
the biomass market is not significant, since production capacity in Wallonia region is 460 kt/y.

Biomass costs
Biomass prices are not available in Belgium in a concerted way and mostly are referred to
international statistics. Nevertheless, domestic pellets price in Wallonia is monitored monthly
by enquiries and compared to heat fuel and gas prices.
Figure 2-2 depicts the evolution of pellets prices in the last years and a comparison with other
fuels is represented. As it can be seen pellets price is really stable among years and seasons.

Black: Oil; Grey: Gas; Red: Pellet bag; Red discontinues stripes: Bulk pellet; Blue: Briquettes
Dark green: Log, Light green: chips

Figure 3-2: Average price fuels in Belgium.
Source [24]

In Figure 2-2, one can see that the recent trend of the oil price decrease may affect the short
term economic viability of a facility. Hence, a more detailed study on this is presented in
section 7.1.4.
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Pellet costs found in literature (Pellets Atlas Project) are relative to annuality 2009. Bulk bags
cost rounded 230 €/ton for a purchase volume of about 5 tonnes; a transport of 50 km and
VAT: 6 %). According to ValBiom, the most important factor in the price building is the raw
material cost. An average price pellet in Belgium is shown in Figure 3-3.

Figure 3-3: Average price pellet in Belgium.
Source [23]

Biomass suppliers
Demo site requirements are shown in the following Table 2.2. Such requirements are
associated to the restrictions of the building.
Type of biomass

Quality

Amount

Delivery

Pellets

DIN Plus

315 tons/year

Pneumatic truck

Table 3.2: Biomass demo site requirements

Location of demo site (among an avenue and many buildings) makes that the available space
for storing fuel is limited as well the access to the building. As a consequence, chips are not a
suitable biomass given its low energy density so that they have not been considered for the
market analysis carried out in this section. Only a fuel with high energy density such as pellets
and olive kernel is adequate. Any olive kernel supplier has been identified. This leads to
assume that a supply at reasonable price is not expected since this type of biomass is imported
for electrical power plants which obtain economic incentives. Hence, biomass market is
focused towards pellets. Finally, the difficulty for delivering the fuel in the external silos forces
to a delivery in pneumatic trucks.
The selection of a biomass provider which guarantees the future supply of demo site will be
done through a public tender. Initially, it is thought in a contract for 3 years, from September
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2015 until September 2008, with two/three deliveries per month. The deliveries will begin in
October and will stop in April. Total pellet supply will reach 315 tons/year. It is desirable a
quality DIN plus.
Taking into account this premises, it has carried out an analysis of the current pellets providers
in Belgium.
Pellets market
In the entire country, there are at least 14 pellets producers which are concentrated in
Wallonia region (11 pellets factories). Furthermore, this emergent market has created a supply
net for this fuel around the country. Tables 2.3 and 2.4 compile pellet producers and providers,
respectively, with information about the pellet quality and delivery options.
For a better locations of such providers, maps which identify the 3 regions of Belgium and
provinces from Wallonia are showed in Figure 3-4.

Wallonia region
Brabant (1), Hainaut (2), Liège (3),
Luxembourg (4) and Namur (5)
Figure 3-4: Belgium regions and Wallonia provinces.
Source [25]

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

D3.14: Two tailor made designs of the biomass combustion plants for Belgian and Spanish demonstrators
Name of the
company

Badger

Lampiris
Pellets Mandi
Girretz Pierre
Delhez Bois
(Clean Fire)

City

Relevant information

Recybois,
WoodEnergy,
Kiowatt
(Wallonia region)

Delivery: Pneumatic truck,
big bag, Badger box

WoodEnergy in
Province of Liège
Büllingen
(Wallonia region.
Province of Liège)
Fleurus
(Wallonia region)
Battice (Wallonia
region. Province
of Liège)
Dison
(Wallonia region)

For all Belgium,
Luxembourg and France.

Website/contact

www.badgerpellets.com

DIN plus
Delivery: Pallet
DIN plus

www.lampiris.be

Delivery: Bags
DIN plus

www.pellets-mandi.com

Delivery: Pneumatic truck
DIN plus

www.girretzpierre.be

Delivery: Pallet
DIN plus
Industrial market +
residential market (DIN
plus, ENplus)

www.delhezbois.be

ERDA

Bertrix
(Wallonia region)

Granubois

Bievre
(Wallonia region)

Residential heating

www.granubois.be

IBV Vielsalm

Vielsalm
(Wallonia region)

Industrial market +
Residential heating. In
process for quality pellets
certification
(DINplus/ENplus).
Annual capacity
production: 150,000 t

www.ibv-cie.be

EXINOR S.A.

Malmedy
(Wallonia region.
Province of Liêge)

Any information in website

www.exinor-sa.com

Pellet

Paul Pellets

Büllingen
(Wallonia region.
Provinceof Liége)

www.erda.be

Delivery: Truck.
International trade.
DIN plus

http://www.pauls.be

Production: 45,000 t.
BIOFLAM
BVBA
Hogramix
Wonterspan
Firewood

Viscardy
Benoit

35 / 128

Dessel
Delivery: Truck
(Flanders region)
Reningelst
Any information in website
(Flanders region)
Deinze
-(Flanders region)
Surice
-(Wallonia region)
Table 3.3: List of biomass producers.
Source [23] and [26]. Updated by CARTIF

www.bioflam.be
www.hogramix.be
www.wonterspan.be
www.savas-boisviscardy.be

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

D3.14: Two tailor made designs of the biomass combustion plants for Belgian and Spanish demonstrators
Name of the company
Energydel

DM-Pellets
Ecobat
Calor Sanit
Granucalor
Graineterie Volailles
EnerCoBois
Henrotte & Cie
Exinor
Piron combustibles
Total Xylets
Oekotech BeLux
Province of Liège
(3)

PL-Pellets
Belpellets
Spa-Combustibles
Schurmann
Lamotte
Mazout Bouharmont

Relevant information
DIN plus
Manufactures: Westerwälder Holzpellets GmbH in
Germany
Bulk supply (assumption)
DIN plus
Manufacture: Badger
Manufacture : Cogra in France (900 Km).
Bulk supply (assumption)
DIN plus
DIN plus
Manufacture: Badger
DIN plus
Manufacture: Badger
Delivery: Truck (Pallets)
Manufacture: Arden Forest
DIN plus
Pellets/briquettes production: 75,000 t/y
Pallets
ENplus
Pneumatic truck
DIN plus
Manufacture: Badger
DIN plus
Manufacture: Mandi and Cogra
Din plus
Pallets
DIN plus
Manufacture: Badger
DIN plus
Manufacture: Badger
DIN plus
Manufactures: Badger, Arden Forest, Clean Fire, Delhez
Bois, Girretz Pierre
DIN plus
Manufacture: Lampiris

Lebois
Taviet Maison
Meskens Cyprien
Baes Ets
Dossin Cheminées
Moulin Gochel
Cheminées Liégeois
Dallemagne
Hervé
Lamotte
Province of
Hainaut (2)

Catteaux

MarcDIN plus
Manufactures: Badger, Arden Forest, Clean Fire, Delhez
Bois, Girretz Pierre
DIN plus
Manufacture: Badger

A1 BAT
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Allumez le feu
Arfeu
A-Z Bois & Biosources
Eco Chaleur
Francq & Ghislain
Kuppi Ets
Leseine Construct
Belgium
Omniconfort sa
Sonocom sprl
Mecabelle
Js Confort
Ets Broussmiche
Petit Michel sprl

Brabant
(1)

Flandre

DIN plus
Manufacture: Badger

Autour du feu
Binet Ets
Chaleur Idéale
DistriPellet
Sweethouse - Chechi
Delta Products
Ecoflamme sprl
Energie bois
Fabien Piton Ets
Farinelle sprl
Paquet Pierre
R&B
Sachatec sprl
Structural
Table 3.4: List of pellets suppliers

Taken into account information compiled about biomass sector in Belgium, we can note:







Belgian biomass market is focused in pellets and any other high density biomass fuel
provider has been found (olive kernel) (target biomass for Belgian building).
Three kinds of pellets can be acquired in the country: pellets more appropriate for
industrial applications, pellets for heating applications with quality DIN plus/ENplus
and pellets for heating applications which have not obtained any quality stamp and it
is supposed to have worse properties.
Given the surface of Belgium, distances are not a significant problem for rejecting any
national supplier. However, providers located in the own region of Wallonia and
specifically in province of Liège could offer more competitive prices.
Belgium is dependent of foreign biomass and counts with an emergent pellet market
for heating applications. Most of suppliers focus their sales towards the small user.
Compiling facts from each supplier suppose a big effort and given that it is not
necessary at this moment, data here shown are useful for having a general knowledge
of the sector. A more exhaustive analysis could be done in order to know if they meet
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the biomass demand and other requirements. Firstly, all producers seem can provide
large amount of product.
Pellets can be shipped in pneumatic trucks as well as in pallets. Some information in
this sense has been detected for some providers.

Biomass supply in demo
Provider lists show main requirement to identify those providers which meet the demo site
conditions. Some relevant conclusions are depicted below:






Providers which are able to supply pellets in a pneumatic truck are (according to the
information compiled in internet): Girretz Pierre, Badger, Pau Pellets, Total Xylets and
Bioflam. For proximity to demo site, Total xylets, Badger and Girretz Pierre would be
the more interested providers since they are located in the province of Liége as well as
they own pneumatic trucks. All them provider pellets DIN plus or ENplus. Furthermore,
Badger owns a wide net of suppliers in whole country as well as three factories so that
this could be a good candidate for the acquisition of fuel. On the other hand, a more
detailed study could be done in a future in which costs are also analysed for taking into
account other possibilities since there are suppliers which are very close to demo site
that could open its market towards pneumatic delivery and quality biomass or increase
the business and be able to offer the amount of fuel which precise the demo site (E.g.
Piron Combustibles which is 8 km from Liège).
Providers as Energydel, Ecobat and PL-Pellets sell pellets which are shipped from
Germany and France. It is assumed that they work with pneumatic trucks although this
information is not available in website. They are placed in province Liège. Energydel
and PL-Pellets can provide DIN plus pellets.
The large list of suppliers could help to find a future provider. It could be interesting
those suppliers from Liège province although the small size of country makes possible
to wide the supply possibilities towards other provinces from Wallonia, or even from
Flandres. In case that in some moment it was necessary extra amount of biomass, the
below large list of suppliers can be very useful for contacting provider directly.

Some prices have been collected by own pellets providers as well as by internet. Most
providers show prices for small bags and in some occasions for delivering them in pallets.
Pneumatic option prices are not accessible in internet. Following table shows for a first
approach of fuel prices although it is foreseen that special prices will be offered at the moment
of making an agreement for the pellet supply.
Table 2.5 compile the main characteristics of the possible biomass suppliers for Belgian demo
site.

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

39 / 128

D3.14:Two tailor made designs of the biomass combustion plants for Belgian and Spanish demonstrators

Supplier
Data

Types of
biomass

Biomass price
without tax and
in plant (€/t)

Biomass price with
tax and transport
included (€/t)

Quality (e.g. pellets EnPlus, humidity in the
case of chips, etc)

Conveyance
(Pneumatic truck,
truck, pallets, bags)

Biomass origin (local,
national, imported from …)

Other (Capacity of biomass delivery,
Deadline supply and other
requirements for the biomass
delivery)

Total Xylets

Wood
pellets

196

222.60

Pellets EN-Plus

Pneumatic truck

Province of Luxembourg :
32 km

Truck 29 Tons
(45 m³)

Girretz
Pierre

Wood
pellets

220

248.04

Pellets DIN Plus
EN +A1

Pneumatic truck

Province of Liége: 38 km
Own manufacture

Truck 17 Tons
(26 m³)

Belpellets

Wood
pellets

244

Ecobat

Wood
pellets

275

Piron

Wood
pellets

Lampiris

Wood
pellets

ValBiom

325

Pellets DIN Plus

246

269

Shipping: 25 €
(without tax)

Pellets DIN Plus

230

Unknown

Pallets

Province of Liége: 90 km

Bulk (*)

Province of Liége: 100 km
Biomass origin: France

Pallets

Province of Liége: 8 km

Pallet

Province of Liége
Own manufacture

Unknown

(*) Assumption

Table 3.5: Possible biomass suppliers for Belgian demo site
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Prices for a delivery of 8.5 tonnes and
until 50 km.
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Pellets Din plus
Prices for a delivery of 5 tonnes and 50
km.
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3.2 Biomass market for Spanish demonstrator
In Spain, biomass is commercialized mainly as pellets, chips and olive kernel, but there are
other types of biomass coming from industrial sector as pine nut shell, pine cone, almond
kernel, that are also used for domestic thermal applications. On the other hand, it exists a
market around straw and energy crops but in this case, this type of biomass is employed in
large boilers in power plants and industries in which their less quality does not cause
significant problems in the equipment. At this moment, there are some pellets plants from
straw and it exists a plant under construction for pellets from the energy crop Arundo donax
with 130,000 t de production.
The table 2.6 shows the capacity, production and consumption of each of these types of
biomasses in the year 2012.
Biomass
Pellets
Chips
Olive kernel
Other kernel

Capacity installed in
2012 (ton/year)
900,000
500,000
500,000
230,000

Production 2012
(ton/year)
250,000
200,000
300,000
170,000

Consumption 2012
(ton/year)
75,000
20,000
150,000
30,000

Table 3.6: Overview of Spanish biomass market.
Source [27]

Updated information (see below: data 2013) changes this figure, however, this data provides
an overview of the situation of the sector. Furthermore, this table reflects that plants were not
operating at full time in this period.
Figure 2-5 shows the location for manufacture plants of wood pellets (red), chips (green) and
olive kernel (blue). As it can be appreciated, most pellets plants are placed in the North of the
country, given the coldest temperatures achieved. Chips plants are distributed in all the
country and olive kernel plants are located in the South of Spain, around of the olive
industries. Demo location is identified in Figure 3-5.

Figure 3-5: Biomass manufacture plants in Spain.
Source [28]
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According to consumption, there are no official figures and producers are reluctant to make
public this kind of information, but data from power installed can provide a general idea.
National Biomass Boiler Observatory collects that there are 50,000 facilities in Spain which use
biomass as fuel, being 4,000 MW the power installed (data referred to year 2012). Specifically,
domestic boilers correspond with 86.6% of these facilities and 20% power. In the case of public
administrative buildings, the number reached 289 facilities with a power of 28 MW.
Following, it will detailed the market for each type of biomass analyzed for the case of Spain:
pellets, chips and olive kernel.
Pellets
Nowadays in Spain there are 38 pellet factories and 6 projects at different stages of
development. Most of these plants have a capacity over 10,000 t/y although there are also
small or medium size saw mills or carpenters.
Considering all factories, there is a capacity of production of 600,000 t/year although
production reaches 350,000 t/year. Pellet is made of wood (mainly from pine) and more than
65% could be quality A1 ENplus [28]. Actual and under development Pellet manufacturers in
Spain could see in Table 3.7 and 2.8, respectively.
Name
Burpellets
Biomasa forestall
Caryse
Ribpellets
Ecoforest
EbePellets
Erta
Pellets Asturias
Accuore
Rebrot I Paisatge
Ecowarm
Aplicacions Energetiques de la fusta-Enerbio
Naparpellets
Galpellets
Pelets de la Mancha
Amatex
Aprovechamientos Energéticos del Campo
Biomasa sostenible de Valdaracete
Coterram
Madripellets
Pellets y Virutas de Galicia
Evercast
Vivero Central de la Junta de Castilla y Léon
Bioterna

Capacity ton/year (2013)
70,000
70,000
48,000
45,000
40,000
35,000
32,000
32,000
30,000
25,000
20,000
20,000
20,000
20,000
20,000
15,000
15,000
15,000
15,000
15,000
14,000
12,000
12,000
12,000
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x
x
x

x
x
x
x
x
x
x

x
x

x
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CalorPel
Ebinor
Reciclados Lucena
Mancomunidad de Anso
SCA Nuestro Padre Jesús
Barroso
García Varona
Netpellets
Recuperaciones Ortin
Ecofuego
Biomasas Herrero
Coprosol
Arka Pellets
ACG Gestión Biomasa S.l
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10,000
10,000
10,000
10,000
10,000
5,000
4,000
3,000
2,500
1,000
1,000
600
Table 3.7: Pellet manufacturers in Spain.
Source [28]

Name
Accuore
Ribesalbes
Palets J
CLB Montemayor
Tama
Aranguren

Capacity ton/year
70,000
30,000
12,000
6,000
-

Current situation
In development
Under development
Under construction
Under construction
In development
In development

Table 3.8: Future pellets manufacture.
Source [28]

Pellet manufacture is focused in domestic applications and the sales are mainly made by
suppliers which sell to final client. Depending on the amount, pellets can be delivered to the
final client by truck. However, small boiler and stoves are the main use so the small bags are
the most common format sold in Spain which is acquired directly by the client in the own point
of sale. In addition, Spanish clients look for ENplus quality. Hence, more of 65% of pellet
manufactures have acquired this quality stamp.
Production capacity of pellets has experienced a rapid growth in recent years although crisis
has affected this continuity and factories have not operating at full time (see Figure 3-6).

Figure 3-6: Capacity of pellets production.
Source [27]
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As it can be observed of the previous data, the pellet market in Spain is quite limited and
insufficient to absorb all the production, which requires that a proportion of this is exported
(70,000 tons). Such surplus is mainly exported to Italy and France. Moreover, it exists a flow of
this product from Portugal, but in this case, the product is for industrial uses. Pellet from
Portugal is made of pine with a heterogeneous quality. Most are of 8 mm which is differs from
other countries (6 mm).
Chips and kernel markets
In Spain, there are 18 wood processing plants to manufacture chips around all country with an
annual capacity among 310,000-500,000 ton (see Table 2.9). Product can be acquired in two
formats: big bags and bulk.
Only one supplier (Miratroz) has obtained the Biomasud certificate.
Capacity ton/year
(2013)
>60,000
30,000-60,000
30,000-60,000
30,000-60,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000

Name
Mycsa
Agroforestal Nava
Foresa
Mitrafor
Afema
Bioercam
Bitalia
Ebinor
Factor Verde
Factor Verde
Biomasa Montemayor
Biomaser
Biomez Renovables
Biomasa Javier
CLB Lozoyuela
Iderma
LLenya D’Aci
Quercus Energy

Table 3.9: Chips manufactures in Spain.
Source [28]

Regarding olive kernel, the capacity for this type of biomass is 150,000-380,000 ton/year (see
Table 2.10). All the plants are located in the South of Spain around the olive industry. Olive
kernel is supplier in the same format that pellets: bags, pallets and bulk. Only one supplier
(Energia Sierra Segura) has obtained the Biomasud certificate.
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Name
Probiosur
Axpo
Axpo
Axpo
Combustibles Cabello
D.Espuny
Ecoloma
Energia Sierra Segura
Green Energy
José Peláez
Oleícola Jaén
Bio Hueso Plus
Cerealia
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Capacity ton/year
(2013)
30,000-60,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
10,000-30,000
<10,000
<10,000
Table 3.10: Olive kernel manufactures in Spain.
Source [28]

Taking into account that biomass capacity of boiler for Spanish demosite will be 500 kWt,
corresponding with a consumption of 149 tons pellets/year or 206 ton of chips/year, it can
conclude that the impact in the biomass market is not significant, since production capacity in
Spain is enormous for both fuels as it is shown in above figures.

Biomass costs
In the Nordic countries, Germany, Austria and Denmark, with 20 years of advantage in the use
of biomass, supply and demand have been growing at the same rate, so that there have been
no major tensions in the prices of biomass. The experience of these countries shows that the
price of biomass has varied in relation to the overall consumer price index.
In the case of Spain, the sector of forest wood is dominated by the large forest industry. With
the emergence of pellet mills, it has produced a real competition in local markets. Thus, the
biomass price is unstable. However, during the last years the price of the chip for thermal use
remains stable despite the increase in demand while supply still exceed this demand.
On the other hand, biomass price is conditioned mainly by the transport costs due to the own
characteristics of biomass (low density). According to AVEBIOM, the transport can suppose the
30% of the final price. Hence, the importance of shorting the distances among final user and
biomass supplier.
In order to facilitate a wide range of supply possibilities, this section intends to provide prices
for different types of biomasses. Data for internet and contributions of own suppliers are
shown. Information provided by AVEBIOM can be taken as reference prices.
AVEBIOM conducts quarterly a survey at the firms in the Spanish market which distribute
biomass in order to obtain pellet price in each period. The survey data are obtained by
retailers and manufacturers with consumer sales service. VAT 21% is included and a transport
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cost of 200 km in bulk prices. It has been discarded values far from the mean 3 times the
standard deviation.
Following, it will describe the costs for pellets, chips and kernel provided by this organism.
Table 2.11 indicates domestic pellets prices provided in different formats in the last three
years.

Pellet

Price

2012

2013

2014

Bag (15 kg)
Pallet (60-80 bags)
Bulk (tipper)
Bulk (pneumatic)

€/bag
€/ton
€/ton
€/ton

4.13
264.61
229.29
230.79

4.24
273.86
243.19
244.59

4.35
280.98
241.39
253.5

Table 3.11: Pellet prices in different formats.
Source [29]

Furthermore, in Table 2.12 these data are detailed by summer and winter periods to show the seasonal
prices differences.

2013
1Q

2Q

2014
3Q

4Q

1Q

2Q

3Q

Bag 15 kg (€/bag)
4.18
4.18
4.33
4.29
4.35
4.33
4.34
Pallet (€/t)
262.21 265.65 284.67 282.92 286.34 285.57 271.42
Bulk (tipper) (€/t) 230.58 232.47 250.19 259.51 253.28 251.6 247.00
Bulk (pneumatic)
231.99 233.88 251.60 260.91 254.6 252.91 254.39
(€/t)

4Q
4.38
280.57
236.84
252.11

Table 3.12: Seasonal pellet prices fluctuations.
Source [29]

As it can be observed, pellet prices fluctuates yearly and in each season according to the
availability of product in market and the environmental temperature. Roughly, it can
appreciate an increase of pellet costs in all formats during the years 2013 and 2014 compared
with reference data for 2012. This is derived from the closure of many sawmills which are main
suppliers of raw materials and the entry of new producers in the market that determine the
final price.
The usual evolution is an increase in the cost in winter and then it remains. In summer period,
prices are usually inferior linked with deductions because of a reduction in sales. However,
warm autumns can influence in this trajectory and irregularities can appeared as it can be in
Table 2.11 and Figure 2-7 with data compiled by AVEBIOM from 2012. Thus, whereas in 2012
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and 2014, first quartier was the less convenient moment for purchase for any format, first
quartier was the best moment for all formats in 2013.
Figure 2-7 reflects the evolution for each format, bag (blue), pallet (red), pneumatic bulk
(purple) and pneumatic bulk (green).

Figure 3-7: Evolution of pellets prices (€/ton).
Source [28]

In the case of chips and olive kernel, available data are displayed in Table 2.13 below.
2014
Price (€/ton)

2014
3Q

4Q

106.58

108.76

104.4

Bag 15 kg

197.35

200.54

194.17

Pallet

197.4

200.64

194.17

Bulk (tipper)

174.91

178.12

171.19

Bulk (pneumatic)

182.61

183.74

181.48

Chips

Olive kernel

Table 3.13: Chips and olive kernel prices.
Source [29]

Chips data correspond with chips Type A1 and Type A2 (according to ISO 17225-4) with wet
below 25% and size P31.4-P45 (G30 from the old Önorm normative) and distance of 100 km.
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For the case of olive kernel, bulk prices are correlated with distances of 200 km. Products
details correspond with classes A1 and A2 of the new Spanish normative UNE 16403.
Data from summer and winter are detailed in order to show the reductions linked with hot
seasons where suppliers usually provide deductions. However, data available does not reflect
this tendency.
Table 2.14 contributes to compare prices according the type of biomass, format and conditions
of purchase.
March 2012
€/ton
C€/kWh
(With
(With
transport transport
without
without
VAT)
VAT)
Bag of
pellets
(15 kg)
Pallet of
pellets
(60-80
bags)
Big-bag
of
pellets
(0.1-1
ton)
Pellets
in bulk
Chips
Almond
shell
Kernel
in bulk
Corn
cob

December 2012
€/ton
c€/kWh
c€/kWh
(Without (Without
(Without
transport transport
transport,
without
without
with VAT)
VAT)
VAT)

March 2013
€/ton
c€/kWh
(Without (Without
transport transport
without
without
VAT)
VAT)

254.67

5.22

3.30 per
bag

4.5

5.60

3.45

4.75

229.18

4.69

218.76

4.48

5.38

216.71

4.44

183.49

3.76

191.10

3.91

184.73

3.78

208.61

4.27

192.15

3.94

177.50

3.64

5.05
2.30

1.39

1.80

1.27-2.22

2.30
0.82-1.29
Table 3.14: Biomass prices.
Source [29]

Following tables show the prices for pellets, chips, olive kernels and almond shells obtained in
supplier websites as well provided by own suppliers.
Whereas Table 2.15 reflects an overview of information obtained of the suppliers (price,
delivery conditions, etc.), Tables 16, 19, 20 and 21 deal for making a price comparison among
suppliers by each type of biomass.
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Supplier Data

Types of
biomass

Campón Gibello

Wood Pellets

Biomass
price
without
tax and in
plant (€/t)

Biomasur
Foresa /
Extremadura Verde

264.99 €
333.96 €

Almond Shell
Wood Pellets
Olive Kernel
Wood Chips
Pellets
Wood Pellets

Ribpellet

Wood Pellets

Amatex

Pellets EN-Plus

Olive Kernel

EnerPellesrubro

Biomaex

Quality (e.g.
pellets En-Plus,
humidity in the
case of chips, etc)
Pellets EN-Plus

Wood Pellets
CambioEnergético

Biomass price
with tax and
transport
included (€/t)

Wood Pellets
Olive Kernel
Wood Pellets

Chips

Conveyance
(Pneumatic
truck, truck,
pallets, bags)
Pneumatic,
tipper or flatbed truck
Tipper
Pneumatic
Pneumatic
truck
Tipper truck

Biomass origin (local,
national, imported from
…)

Other (Capacity of biomass delivery,
Deadline supply and other
requirements for the biomass
delivery)

Local: Province of Cáceres
(±10km)
Minimum delivery: 1 ton
Local: Province of Cáceres
(±10km)

Local (170 km)
78.9

99.5 €
15-20 €/ton

G-30; 10% - 40%
water content

Tipper truck

Pellets EN-Plus
180

Pellets EN-Plus

Local (113 km)
Local (80 km)
National (Valladolid)
Local (90 km)
National (Burgos)
Local suppliers:
Transporte Lázaro
MT Constru Valle Jerte
Local (100 km)

395

Pellets EN-Plus
Two classes:
Domestic chips:
P16A. 10-15
water content
Industrial chips:

This project has received funding from the European Union’s Seventh
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P45A. 15-20
water content
Bolume enerxia
Navarpellets
Pellet Asturias

Silpellets

40€/ton each
delivery

Wood Pellets

165

Pellets EN-Plus

Wood Pellets
Chips
Wood Pellets
Chips
Wood Pellets

200

Pellets EN-Plus

190

Pellets EN-Plus

Olive kernel

120-130

National (Galicia)

25 ton twice a month

National (Navarra)
National (Asturias)

Raw material: pine from own region
Truck 15-16 ton

National (Granada)
30 €/ton each
delivery plus
VAT

National (Granada)

Wood Pellets
Biomasol

Calienta Huesos

Olive kernel

150

Wood Pellets

Pallet:
270 €

National (Jaén)

National (Toledo)

Wood Pellets
Biofor
Chimeneas Campos

G-30, < 30%
water content

Chips
382

Wood Pellets

National (Málaga)

Wood Pellets

Pellets EN-Plus

Chips

G-30, < 30%
water content

Accuore
Carsan
Biocombustibles

Wood Pellets
Olive Kernel

221

Ecofogo

Wood Pellets

240

National (Soria)

Maximum 4 ton. Pneumatic truck,
only in Andalucia.
Hose reaches until 24 m.
Pneumatic trucks only in Toledo and
Madrid
Pallets
Pneumatic trucks (capacity 40 m3) or
with moving floor (capacity 90 m3)

331

Pellets EN-Plus

350€ plus VAT
each pallet

Pellets EN-Plus

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
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National (Burgos, Cuenca)
National: Madrid,
Granada
National (Orense)

Delivery in one day
Minimum 5 ton

Delivery in two days
Minimum 1 ton
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Chips

170

Olive kernel

(until Cáceres)
280€ plus VAT
each pallet
(until Cáceres)
190

G30 < 20% water
content
Diameter: 8 mm
Tipper and pneumatic truck.

Wood Pellet

Enersenia

Chips

75 €/ton
plus VAT
80 €/ton
plus VAT

G50, < 30% water
content
G30 < 30% water
content

National (Tarragona)

Pellet made of
“orujillo”
Almond Shell
Bioalmendra

Almond Shell

Agroterra

Almond shell

Shell: 182
Crushed shell:
200 €/ton

National (Toledo)

135

Online
255 €/ton with
VAT and
transport until
400 km

Portugal (Setubal: 279
km)

Green Power

Wood Pelelts

NicePellets

Wood Pellets

155

In process

Pinewells

Wood Pellets

150

Pellets EN-Plus
Table 3.15: Sale conditions
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Bulk (without VAT
or transport)
Avebiom (2012)
Avebiom (2013)
Avebiom (2014)
Pellets Asturias (2013)

Bulk (with VAT or
transport)
T:229.29
P: 230.79
T: 243.19
P: 244.59
T: 241.39
P: 253

Certification

Location

All type of pellets

200 km

Pellets EN-Plus

National (Asturias)

T: 264.99
P: 333.96

Pellets EN-Plus

Local

395
350 (plus VAT)

Pellets EN-Plus
Pellets EN-Plus

National (Soria)
National (Orense)

190

Cambio energético (2014)

Other (Capacity of biomass delivery, Deadline supply and
other requirements for the biomass delivery)

Raw material: pine from own region
Tipper
Pneumatic
Minimum delivery: 1 ton

Amatex (2014)
Ecofogo (2014)

240

Ribpellets (2014)

180

Pellets EN-Plus

National (Burgos)

Navarpellets (2014)

200

Pellets EN-Plus

National (Navarra)

Bolume enerxia (2013)

165

Pellets EN-Plus

National (Orense)

25 ton twice a month

Pellets EN-Plus

Delivery in two days
Minimum 1 ton

Pellets EN-Plus

National (Málaga)
National (Madrid,
Granada)
Portugal

-

Portugal

Chimeneas Campos (2014)
Carsan Biocombustibles
(2014)
Pinewells (2013)
Green Power (2013)

Plus 40 €/ton each
delivery
382
331

150
255
(transport until 400
km)

Pellets EN-Plus

Local suppliers:
Transporte Lázaro
MT Constru Valle Jerte

NicePelets (2013)
155
Portugal
It works with a local supplier Campón Gibello
*T: Tipper truck
P: Pneumatic truck
** Enegetic change data requires to be check if VAT is included. Amatex and Ecofogo are located in Castilla y León and Galicia, respectively, hence higher prices.
Table 3.16: Pellet price comparison (€/ton)
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On the other hand, CARTIF had information for special offers. This data are shown in Table
2.17 since it is difficult to include this information in previous table.
Supplier
Somacyl (Valladolid)
Amatex (Soria)

Pellets Bulk price
75 €/ton (for 16 ton)
100 €/ton (for 10 ton)
Delivery in Valladolid
117.33 €/ long-distance delivery (Extremadura)
94.77 €/ short distance delivery (Castilla y León)

Big-bag
(800-100 kg)
120 €/ton

Table 3.17: Pellet price comparison (€/ton)

The biomass cost analysis is characterized by the lack of information available in internet.
Suppliers offer prices mainly for small bag or pallets, however, in the case of bulk, available
data refer to the sale in factory since the final cost with transport included depends of the
requirement of client (distance, amount, delivery, type of conveyance, etc.). Furthermore,
websites do not detail in many cases if VAT is included. On the other hand, suppliers do not
provide exact prices face to face since the same previous variables affect the final prices. It is
needed to address directly with each supplier with the final requirements in order to obtain
reliable prices. Moreover, prices fluctuate yearly and seasonally.
However, this information can be taken into account as reference data. Thus, main conclusions
of the analysis done are noted below:
-

-

Prices cannot be compared in many occasions by the diversity of ways of presenting
the cost of pellet. Transport cost varies greatly between distributors, not knowing in
many cases the final cost of the product because usually provide the cost of pellet
unposted transport.
The price of pellets varies greatly among different suppliers. Quality of pellets is not
the reason according to the data compiled. Each supplier has a business strategy (local
or regional sales). E.g. making deductions in transport costs.
Thus, transporting costs offered by Ecofogo seem interested since they are from
factory until Cáceres (500 km) the same that transporting cost applied for Somacyl in a
local transport. Nevertheless, it is needed to contact each supplier for the own case
study since attractive prices can be offered in website, which are not applied
afterwards.
Amatex, Ecofogo and Green power data provide the cost of pellets bringing for a large
distance. According to this information, it is more profitable to make business with
Portuguese plants which are in the same distances since Portuguese pellets are
cheaper in factory than Spanish.
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-
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Special offers could be obtained contacting directly with supplier with large trucks due
to transport costs decrease as greater amount of biomass. Amatex could be an option
although they are placed far from demo site since the payment is done by delivery.
Furthermore, this company applies the same cost for transporting pellets at a distance
of 500 km (Soria-Cáceres) than Somacyl applies for transporting 1000 kg in the same
province (Valladolid). However, the product cost is much higher in factory Amatex
since they are certified.
AVEBIOM data differs from data provided by each supplier. Difference is attributed to
quality since AVEBIOM represents the mean pellet, and in this case, all suppliers
worked with Enplus.
A reference price could be the price offered by Cambio Energético which is located in
the province of Cáceres, although it is not known if VAT is included.

Domestic pellets prices in other countries can be seen in table 2.18 (reference data for 2013).
Prices include VAT and transport (except for the case of Portugal).
Austria
Bulk (€/ton)

Italy

254 €/ton

Bag 15 kg

300 €/t

France

Portugal

278 €/ton

177 €/ton

303 €/t

Spain
243 €/t
Tipper truck
286€/t

Table 3.18: European pellet price.
Source [27]

As it can be observed, pellets are less expensive in Spain comparing with other countries with a
large trajectory in biomass boilers.
Following tables (2.19-2.21) refer to data removed from Table 2.15 for each type of biomass.
Bulk (without
VAT, without
transport
Bioalmendra
Agroterra

Bulk (with VAT
or transport)

Location

Almond shell: 182 €/ton
Crushed Shell: 200€/ton

National (Toledo)

135
Table 3.19: Almond shell price comparison (€/ton)
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Bulk (with VAT,
without transport)
AVEBIOM (2014)
SOMACYL
FORESA (2013)
ECOFOGO (2014)
ENERSENIA
(2014)

60.13 €/ton (*)
78.90 €/ton
170 €/ton
75 €/ton plus VAT
80 €/ton plus VAT

Bulk (with VAT or
transport)

Characteristics

Location

106.58

Type A1 and Type A2 (according to ISO
17225-4)
G30, < 25% water content

Distance: 100 km
National
(Valladolid)

Plus 75 €
99,5
15-20 €/ton

280 €/ton plus VAT

G-30; 10% - 40% water content

Local (Cáceres)

G30 < 20% water content
G50, < 30% water content
G30 < 30% water content

National (Galicia)

Other (Capacity of biomass
delivery, Deadline supply and
delivery requirements)

75 € for local transport in
Valladolid and 16 ton
Data provided for delivery
specifically in Cáceres

National (Cataluña)

Table 3.20: Chips price comparison (€/ton)

Bulk (with VAT,
without transport)
AVEBIOM (2014)
ENERSENIA (2014)
Biomasol (2014)
Silpellets
Carsan
Biocombustibles

Bulk (with VAT or
transport)
Tipper truck: 174.91
Pneumatic truck: 182.61
190 €/ton (in Cataluña)

Characteristics
Classes A1 and A2 of the new
Spanish normative UNE 16403
Wet: 11%-15%

150 €/ton
120-130 €/t

Location
200 km
National (Cataluña)
National (Jaén)

30 €/t plus VAT

National (Granada)
National (Madrid,
Granada)

175 €/ton
Table 3.21: Olive kernel price comparison (€/ton)
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With the previous available data, it is checked the heterogeneity of prices for chips, olive
kernel and almond shell.
In the case of chips, this type of biomass requires to be acquired in small distances since its low
energy density makes to increase much transport cost as it can be seen in table. Heterogeneity
in prices is associated with the water content, however, price found in factories are similar.
For the olive kernel, factory prices are divergent and AVEBIOM prices could be reference
values for taking in mind. Almond shell prices would be widen.
As it can be checked, pellets are more expensive than any other biomass. Thus, only their
better properties or the requirements of the boiler lead to select as fuel. In this case,
moreover, the existence of local suppliers for chips, make this type of biomass, the most
convenient from an economic point of view.

Biomass suppliers
In this section, a large list of suppliers/manufactures is provided in order to have a detailed
map of the possibilities for purchase the fuel. Suppliers which are far from demo are also
included because although bringing fuel from long distances should not be profitable, both for
economic and environment reasons, special prices could be obtained. Furthermore, biomass
manufactures have a net of suppliers which deliver the fuel in the entire country and could be
looked up for the existence of suppliers in the zone of demo.
Furthermore, for the proximity, Portuguese manufactures have been included. In fact, Portugal
exports 100,000 ton/year of pellets to Spain.
Table 2.22 displays all Spanish pellets/chips manufacturers found in the literature and table
2.23 some suppliers identified. Suppliers are named according to the proximity to the
demosite. Those whose are far from 150 km are named as national. Local providers could be
the final provider. Prices and other characteristics of supply were described previously.
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Burpellets

Capacity
ton/year
(2013)
70,000

Biomasa forestal

70,000

Caryse
Ribpellets
Ecoforest

48000
45000
40000

Name

National

32000
32000
30000
25000
20000
20000

Yes

National

20000
20000
20000
15000

Yes
Yes
No
No

National
National
National
National

15000

Yes

National

15000

No

National

15000
15000
14000
12000

Yes
No
No
Yes

National
National
National
National

12000

No

National

12000
10000
10000
10000
10000
10000
5000
4000
3000
2500
1000

No
No
No
No
No
No
No
No
No
No
No
No

National
National
National
National
National
National
National
National
National
National
National
National

35000

PELLET

Location

Yes
Yes
Certified by
PEFC
No
Yes
No
No
(Pellets Din
Plus and
certified by
PEFC)
Yes
Yes
Yes
No
Yes

EbePellets
Erta
Pellets Asturias
Accuore
Rebrot I Paisatge
Ecowarm
Aplicacions Energetiques de la
fusta-Enerbio
Naparpellets
Galpellets
Pelets de la Mancha
Amatex
Aprovechamientos Energéticos
del Campo
Biomasa sostenible de
Valdaracete
Coterram
Madripellets
Pellets y Virutas de Galicia
Evercast
Vivero Central de la Junta de
Castilla y Léon
Bioterna
CalorPel
Ebinor
Reciclados Lucena
Mancomunidad de Anso
SCA Nuestro Padre Jesús
Barroso
García Varona
Netpellets
Recuperaciones Ortin
Ecofuego
Biomasas Herrero

Certification
ENplus

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

National
National
National
National

National
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Coprosol
Arka Pellets
ACG Gestión Biomasa S.l

1000
600
-

No
No
No

Accuore

70000

-

Ribesalbes

30000

-

Palets J

12000

-

CLB Montemayor

6000

-

Tama

-

-

Aranguren

-

-

Mycsa

>60,000
30,00060,000
30,00060,000
30,00060,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
< 10,000
30,00060,000
10,00030,000
10,00030,000

No

National
National
National
In development
National
In development
National
Under construction
National
Under construction
National
In development
National
In development
National
National

No

National

No

Local

Yes

National

No

National

No

National

No

National

No

National

No

National

No

National

No
No
No
No
No
No
No
No

National
National
National
National
National
National
National
National

No

National

No

National

No

National

Agroforestal Nava
Foresa
Mitrafor
Afema
Bioercam
Bitalia
CHIPS

Ebinor
Factor Verde
Factor Verde
Biomasa Montemayor
Biomaser
Biomez Renovables
Biomasa Javier
CLB Lozoyuela
Iderma
LLenya D’Aci
Quercus Energy
Probiosur
Axpo

OLIVE
KERNEL
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Axpo
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Axpo
Combustibles Cabello
D.Espuny
Ecoloma
Energia Sierra Segura
Green Energy
José Peláez
Oleícola Jaén
Bio Hueso Plus
Cerealia

10,00030,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
10,00030,000
<10,000
<10,000

No

National

No

National

No

National

No

National

Yes

National

No

National

No

National

No

National

No
No

National
National
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Table 3.22: Biomass manufactures

Wood
Pellets

Name

Certification

Biomaex

No

Campón Gibello

No

Cambio Energético

No

Biomasur

No

EnerPellesrubro

No

Almacenes Manzano
Extremeña de Calefacción
Ecofogo

Pellets EN-Plus (from
Ribpellets)
Pellets EN-Plus (from
Ribpellets)
Pellets EN-Plus
Pellets EN-Plus
No

Silpellets

No

Bolume enerxia
Carsan Biocarburantes
Clavijo
Chimeneas Campos
Emisión Cero
Somacyl

No
Pellets EN-Plus
No
No
No
No

Transporte Lázaro
MT Constru Valle Jerte

Localization
Local: Medellín (Badajoz):
109 km
Local : Casar de Cáceres
(Cáceres): 10 km
Local: In several
municipalities of Caceres
Local
Llerena (Badajoz):
169 km
Local: Don Benito (Badajoz):
87 km
Local: Jerte: 112 km
Local: La Pesga (Cáceres):
123 km
Local: Cáceres
Local: Cáceres
National: Orense
National: Híjar–Las Gabias
(Granada): A 507 km
National: Orense
National: Madrid, Granada
National: Navarra
National: Málaga
National: Pontevedra
National: Valladolid

This project has received funding from the European Union’s Seventh
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Wood
Pellets

Chips

Olive
kernel

Almond
shell

Amatex
Calienta Huesos
Chimeneas Campos
Emisión Cero
Accuore
Ecofogo
Enersenia
Green Power
NicePellets
Pinewells

No
No
No
No
No
No
No
No
No
Pellets EN-Plus

Foresa

No

Extremadura Verde
(belong to Foresa)
Ecofogo
Somacyl
Amatex
Enersenia
Accuore
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National: Soria
National: Toledo
National: Mälaga
National: Galicia
National: Burgos and Cuenca
National: Galicia
National: Cataluña
Portugal
Portugal
Portugal
Local: Navalmoral de la
Mata (Cáceres): 113 km

No

Local: Plasencia: 79 km

No
No
No
No
No

National: Orense
National: Valladolid
National: Soria
National: Cataluña
National: Burgos and Cuenca
Local: In several
municipalities of Caceres
Local
Llerena (Badajoz):
169 km
National: Híjar–Las Gabias
(Granada): A 507 km
National: Granada
National: Madrid, Granada
National: Cataluña
National: Cataluña
National: Toledo
National: Granada

Cambio energético

No

Biomasur

No

Silpellets

No

Biomasol
Carsan Biocombustibles
Enersenia
Enersenia
Bioalmendra
Agroterra
Biomasol

No
No
No
No
No
No
No

Table 3.23: Biomass suppliers

On the other hand, there are some websites that were created specifically as biomass
searcher. http://www.biobusca.es, http://www.pelletsatlas.info
The obtaining of certification can be looked up in www.pelletenplus.es, for both producers and
suppliers).

Biomass suppliers for Spanish democase
In Extremadura, the pellet supply has changed dramatically in the recent years, with the entry
into the sector of many construction warehouses and feed stores, which already counted with
the necessary infrastructure: trucks, machinery, etc. and distribution channels. This has
allowed that pellets are distributed in almost all medium-sized municipalities. Furthermore,
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hardware stores, supermarkets and gas stations are selling this product. Table 2.24 shows the
local suppliers contact
Supplier

Type of
biomass

Location

Contact

Campón Gibello

Pellets
ENplus A1

Casar de Cáceres
(Cáceres): 10 km

927 290 542
almacen@campongibello.com

Cambio Energético

Pellets
ENplus A.
Olive kernel
Almond
shell

Several municipalities
in Cáceres

927 500 162/673056580
info@cambioenergetico.com

Biomasur

Pellets, Olive
kernel

Llerena (Badajoz):
169 km

670 242 459
info@biomasur.es

Navalmoral de la Mata
(Cáceres): 113 km

902 111 223 - 983 47 42 08
serviciosenergeticos@foresa.net

Plasencia: 79 km

927401709 / 608 312 466
exver@exver.net

Híjar–Las Gabias
(Granada): 507 km

958 547 347
info@silpellets.es

Don Benito (Badajoz):
87 km

Jose Antonio Montano: 647887037

Jerte: 112 km

927470302
Ribpellet@ribpellet.com

Foresa
Chips
Extremadura verde
(belongs to Foresa)
Olive kernel
Silpellets
Pellets
“EnerPelles rubro” (¿?)

Pellets
ENplus A1

MT Constru Valle Jerte
(pellets from Ribpellets)
Transporte Lázaro
(pellets from Ribpellets)

Pellets
ENplus A1

Agrotecnicas extremeñas
(pellets from Ribpellets)

927678035

La Pesga (Cáceres):
123 km

Ribpellet@ribpellet.com

Jaraiz de la Vera: 110
km

Ribpellet@ribpellet.com

927 665008

BIOMAEX

Pellets
ENplus
Olive kernel

Medellín (Badajoz):
109 km

924 822 447/ 647 887 037
urbana-rustica@hotmail.com

Amatex

Pellets
ENplus A1

Cabrejas del Pinar
(Soria): 449 km

amatex@amatex.es

Almacenes Manzano

Pellets
ENplus

Cáceres

Extremeña de Calefacción

Pellets
ENplus

Cáceres

+34 927 217 310
grupomanzano@grupomanzano.com.es

927233185

Table 3.24: Local suppliers contact.
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It is also important to note that now the pellet is distributed in Extremadura is being brought
to Portugal, Galicia and other parts of the peninsula, so much of their price is affected by the
cost of transportation.
Taken into account the above information, it has detected the following potential suppliers for
Spanish demo case.
-

All pellet, chips and kernel factories are far from demo site. Only Foresa plant is in a
reasonable range.
- It has been identified 13 biomass suppliers in a range less than 170 km to the
demosite, which corresponds with:
10 Pellet suppliers: Campón Gibelón, Cambio energético, Biomasur, Constru Valle
Jerte, Biomaex, Transporte Lázaro, Enerpellets rubro, Extremeña de Calefacción,
Almacenes Manzano, Agrotecnicas extremeñas
2 Chips suppliers: FORESA, Extremadura Verde
3 Olive kernel suppliers: Cambio Energético, Biomasur, BIOMAEX
1 Almond Shell: Cambio energético.
- Web biobusca offers the possibility of pellet supply in the zone of demo: Carsan
Biocombustibles and Accuore.
Table 2.24 compiles contacts for local supplier, which could be asked for detailed budget.
Reference prices for previous section could be a reference for comparison.

Selection of biomass and supplier
Most below suppliers can provide a maximum amount of pellets until 3 Tm, being the potential
suppliers for the case of pellets or olive kernel BIOMAEX (distance: 109 km) and FORESA for
the case of chips (distance: 113 km) since they can afford larger amounts.
Foresa has provided directly to the Spanish building owner following prices for wood prices in
factory. Transport cost has been estimated in 15-20 €/ton. Other prices could be welcome in
the coming weeks.
Wet (%)
10
15
20
25
30
35
40
45
50
55
60

LHV (kcal/kg)
3991
3766
3542
3317
3092
2867
2643
2418
2193
1969
1744
Figure 3-8: wood chips prices provided by FORESA.
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At this moment, any decision about the type of biomass has been taken since boiler allows any
type of biomass and it is possible to acquire any type of fuel from the local market.
Furthermore, pellets could be acquired from longer distances in case final prices were suitable.
The selection of biomass is not conditioned either for storage space since building own large
surface around. At this moment, it is also analyzed the possibility for delivering chips with
pneumatic truck, but local providers don’t count with this system.
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4 Requirements to be covered by the biomass combustion

plants
4.1 Belgian demo case
4.1.1 Actual situation
The Belgian demo showed in Figure 4-1 (deeply described in
D4.7) corresponds to the Engineering School in the city of Liege
(Haute École de la Province de Liège – HEPL) that was
constructed in 1964 and has never been renovated. According
to Belgian legislation the buildings shows an energy
performance certificate of E and gives service to 1200
students.
Figure 4-1: Belgian demo
The heated floor area is around 23,600 m2 (distributed in 7
interconnected blocks of 5 or 6 floors built above two underground floors), and the heated
volume of 108,423 m3. The main use of the building is for teaching and research, with day
occupancy from 8:00 AM to 17:30 PM, but 164 m2 are dedicated for dwelling of the resident
having 100% occupancy during 24 h/day.

The actual heating demand (4,460,000 kWh/year – 194 kWh/m2-year) is covered by 3 gas
boilers renovated in 1996 with 2300 kW for the two of them and 2900 kW for the third one.
The actual electrical consumption is 410,000 kWh/year – 17.8 kWh/m2-year. The building has
not central cooling system, nevertheless some offices are overheated in summer due to excess
of solar heat gains and the presence of external blinds should solve the problem without
requiring a cooling system at all. This heating and electrical demand provides a primary energy
consumption of 5,517,800 kWh/year – 240 kWh/m2-year, which will be decreased after the
application of the passive and active measures included in the BRICKER solution.

4.1.2 Heating demand for BRICKER energy system
The BRICKER energy concept consists in a tri-generation system formed by the combination of
an Organic Rankine Cycle (ORC) unit, a sorption chiller, a biomass boiler and a concentrating
solar collector field. How these technologies can be effectively combined and integrated each
other in order to cover the highest fraction of thermal and electrical load for each demo have
been deeply analysed in Deliverable 4.7.
In the case of Belgian demo, the cooling is not considered because of the weather conditions
and the lack of a dedicate distribution system and terminals. In addition, due to the weather
and the dense urban environment where the building is inserted the solar harvesting is critical
and therefore parabolic though collectors are neither considered in this case.
So the Belgian energy solution will consist in a 100 kWe ORC for providing part of the electrical
demand, and a biomass boiler for providing the heat required for activating it. The ORC unit
can be work at generation mode (producing the maximum of 100 kWe) or at cogeneration
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mode (if more thermal demand should be covered by the biomass boiler), and need 500 kWt
for working. Additionally to the heat provided for the ORC, the biomass boiler should cover
1000 kW of heat demand for 2 of the 7 blocks that will be renovated and integrated into the
BRICKER energy solution (blocks I and VI of the Figure 4-2)

Figure 4-2: Building distribution of Belgian demo

Taking into account that boilers are going to be installed in buildings, where there is not much
space to storage biomass, pellets are a priori the most suitable fuel. In addition, boilers do not
need complex feeding and fumes cleaning systems, as a result of the excellent properties of
pellets, so it is possible to get cheaper boilers with the requirements of the project.

4.1.3 Particular restrictions
The main restrictions to be taking into account for defining the final BRICKER solution are
based on available budget, the building itself and legislation requirements.
Normative restrictions
There are two norms related to solid fuel heat generators applicable to biomass boilers
installations in buildings which are NBN B 61-001 and NBN EN 303-5. Then, there are some
others specifically for burners: NBN EN 226. 230. 267 and 411. For fuel storage there is another
document related to fire prevention within l’Arrêté Royal of 07/07/1994 and the European
directive EN 14961-2.
Relating the use of thermal oil in buildings, there are no particular regulations but it exists
l’annexe III de l’Arrêté Royal du 02/12/1993. This annex is related to chemical, carcinogenic,
mutagenic and biological substances forbidden in Belgium.
About biomass boilers emissions, boiler room size and security requirements, the NBN B 61001 is applicable to boilers with nominal power over 70kW, the royal decree of 18/03/1997
and 12/10/2010 attend the boiler efficiency while the royal decree of 08/01/2004 the
pollutant emissions.
In Belgium, the electrical network is controlled by a distribution network manager
(Gestionnaire de Réseau de Distribution (G.R.D.)) which depends on the region where the
building is located. For the Belgian BRICKER demo case it corresponds to ORES.
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For an installation of more than 10 kW that sends back electricity to the network, it is needed
an authorization from G.R.D. Previously, it must carry out both a feasibility study and a study
of the network.
Building restrictions
The main restrictions for installing the biomass combustion plants that the building offers are
related with the space occupied by the biomass storage, the biomass boiler and the
accessibility to the biomass delivery truck (see Figure 4-3).
The biomass boiler size requires room high around 6 m (5 m of the boiler and an additional
one for security). The biomass storage size should be enough to cover some days without
biomass delivery, and should be as close as possible to the truck access and never more than
30 m (the limit for pneumatic discharge).

Figure 4-3 Building restrictions

Project financing limitations
The economical restrictions are mainly marked by the available budget in the project for
acquiring equipment, and the economic analysis during the combustion plant life. The budget
in this case is shown in the project DOW. 304,000 € can be spent for all the biomass
combustion plant shared in: the biomass equipment costs (190,000 €), biomass system
hydraulic and electric installation works (38,000 €), and biomass storage room construction
(76,000 €). On the other hand, the detailed economic analysis will be developed in task 5.5,
being reported in deliverable D5.38.

4.2 Spanish demo case
4.2.1 Actual situation
The Spanish demonstrator in the BRICKER project (deeply described in D4.7) is an
administrative building placed in Cáceres province and built in 2006 (Figure 4-4). The building
is officially called “Edificio Administrativo de la Consejería de Agricultura y Medio Ambiente”
and it is located 42.5 km far from Cáceres.

This project has received funding from the European Union’s Seventh
Programme for research, technological development and demonstration
under grant agreement No 60907.

D3.14:Two tailor made designs of the biomass combustion plants for Belgian and Spanish demonstrators

66 / 128

The Spanish demo is formed by one building located in a district which includes 6 buildings and
hosts public offices where 268 employees work and with an average of 220 daily visitants. It
comprises a total area of 8,135 m2 divided into 4 floors (3 of them for offices and the
basement parking). The building is opened from 7:30 to 19:00 but is only fully occupied from
8:00 to 14:30.
All energy services are covered by electricity being
its annual primary energy consumption 1,210,857
kWh/year – 149 kWh/m2-year while the electrical
consumption is 465.2 MWh/year – 57 kWh/m2year.
The building heating demand is 221.6 MWh/y – 45
kWh/(m2y) while the cooling demand is 238.4
MWh/y – 48 kWh/(m2y)
HVAC system is made of 24 compression systems
(cool+heat pump) installed five years ago, with 14.3
kW power each (total 343 kW) for the three office
Figure 4-4: Spanish demo building
floors using conducts. In addition to this main
system, 9 individual electrically driven split units are installed for heating and cooling for the
small offices located in the Parking floor.
According to Spanish legislation, the corresponding energy performance certificate of the
building is a mark of C.

4.2.2 Heating demand for BRICKER energy system
The building thermal demand for heating and cooling is well described in deliverable 4.7
(summarized in Figure 4-5), while the heat required by the tri-generation system is analysed in
deliverable 3.15. So the biomass combustion plant should provide the heat required by to the
BRICKER tri-generation system for activating the 100 kWe ORC, covering the 379.10 kW of
peak heating load, and the 373.57 kW of peak cooling load. Although solar heating will be
considered in this demo case, the biomass boiler will be design to cover all the thermal
demand for allowing the BRICKER system working without sun radiation.

Figure 4-5: Heating and cooling load obtained through TRNSYS simulation
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4.2.3 Particular restrictions
Normative restrictions
The main normative restrictions are related to the boiler (installation in buildings, its use at
high pressure, and the control of the emissions), the heat exchangers and the biomass itself.
The biomass boiler, in relation to its use in buildings, should observe the RD 1027/2007:
regulation on thermal installations in buildings (RITE), and the RD134/2006: Edification
Technical Code. Relating to is use of boiler at high pressure (over 0.5 bar), RD 2060/2008 in its
specific section for boilers ITC EP-1, describe the pressurized equipment regulation and
classified boilers in two types (Figure 4-6).

Figure 4-6: Boilers classification in RD 2060 / 2008

Relating emissions UNE-EN 303-5:1999 and RD 430/2004 will limit the pollution allow
according to the boiler size and also measure methods to control it. And the chimney will be
designed according to UNE-EN 13384-1, UNE-EN 13284-2 or UNE 123001.
For heat exchangers using liquid different to water, the UNE 9-310 is the applicable legislation,
and for boilers using solid fuel is the UNE 100020. And relating the efficiency of the heating
systems EN 15316-4-7:2008 should be considered.
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Building restrictions
The main restrictions for installing the biomass
combustion plants that the building offers are
related with the space occupied by the biomass
storage, the biomass boiler and the accessibility to
the biomass delivery truck.
The boiler room size is defined by the Spanish
legislation according to boiler size, as Figure 4-7
shows. The biomass storage size should be
enough to cover some days without biomass
delivery, and should be as close as possible to the
truck access and never more than 30 m (the limit
for pneumatic discharge).

Figure 4-7: RITE boiler room restrictions
Source: [30]

Project financing limitations
The economical restrictions are mainly marked by the available budget in the project for
acquiring equipment, and the economic analysis during the combustion plant life. The budget
in this case is shown in the project DOW. 234,000 € can be spent for all the biomass
combustion plant shared in: the biomass equipment costs (170,000 €), biomass system
hydraulic and electric installation works (34,000 €), and biomass storage room construction
(30,000 €). On the other hand, the detailed economic analysis will be developed in task 5.5,
being reported in deliverable D5.38
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5 Technical specifications of the biomass combustion plants

for the Public Tender
In this section technical specifications for each of the two biomass combustion plants required
for the BRICKER solution will be described for helping in the tender redaction. The selection of
the global solution and each specific device will be also technically justified.

5.1 Belgian demo case
5.1.1 Size of the biomass combustion plant
For covering the 1,500 kW required for the Belgian demo case, two boiler configurations have
been considered:



OPTION 1: 1 thermal oil boiler 500 kW for the ORC + 1 hot water boiler 1,000 kW low
temperature for heating
OPTION 2: 1 thermal oil boiler 1,500 kW for the ORC and (with heat exchanger for
heating).

Attending to space, complexity and price, it has been selected the option 2 where the boiler
has a total power of 1,500 kWt
As was explained before (section 2), the biofuel finally selected to feed the biomass boiler and
due to the availability of local providers identified is pellet. This selection has been due mainly
to the space requirements inside the building as the pellet is the biofuel with higher energy
density and easy to transport and manage.

5.1.2 Plant location in the demo building
Three have been the main locations considered for the biomass combustion plant. The first
one (Figure 5-1) locate the biomass boiler in the building block II on the existing gas boiler
room for saving money in room conditioning and reuse existing equipment. Nevertheless the
height of the door of this room is 2.34 m, quite low to introduce the biomass boiler and being
available for installing the BRICKER solution. In addition the space provided for the biomass silo
was very narrow, making difficult the charge, discharge and maintenance works on it.
The second configuration proposes to locate the BRICKER plant in other building zone (Figure
5-2). In this case the room has 4.9 m of height (able to reach 5.9 m if the overhead traveling
crane is blocked). There is available space for biomass storage near the boiler room (±10 m²
with 4 m of height or ±16 m² with 3.60 m of height depending on the zone chosen).
Nevertheless this silos location was too far from the truck entrances (more than 35 m), causing
problems in the biomass discharge. So therefore, a similar location for ORC and Boiler while a
closer to the road location of biomass storage silos have been considered (Figure 5-3). This
final location allows having the boiler in a 5.9 m high (the boiler has 5 m and one additional
meter is required for security) blocking the overhead traveling crane that increases the normal
high room of 4.9 m in 5.9. This new technical room must be revised to satisfy with fire
requirements and fumes extraction.
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Figure 5-2: Second proposed location
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Figure 5-3: Final location chosen

5.1.3 Selection of biomass storage and feeding system
Attending to the final plant location (Figure 5-3) three external silos of 75 m3 can be installed
attached to the building, covering 130 working hours at nominal power.
Because of the building is located along an avenue and between a lot of others buildings, the
available spaces to storage the biomass fuel is limited and the access to the building is also
limited. It’s not possible to discharge a truck with wood pads or other biomass fuel. The
adopted solution is a storage in external silos and delivering of pellets with pneumatic truck.
The place chosen for these silos is the closer to the truck circulation area in order to make the
discharge easier, and are not very far from the boiler to allow a biomass transport to the
boiler.
It has been also analysed different transport system alternatives from biomass storage silos to
biomass boiler in order to identify the most suitable. The pneumatic transport has been
chosen because of the distance and the corners that should overcome.

5.1.4 Selection of thermal fluid
With this boiler option, besides to cover the requirements of the ORC, is possible to provide
thermal energy to cover thermal demands of the building (DHW and heating) through a heat
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exchanger oil-water. The selection of the thermal oil has been due to the possibility to work
with high temperatures and with low pressures in comparison with the steam and superheat
water, besides other advantages such as the easy control, etc.
The cogeneration with ORC unit requires for being heated more than 200 ºC. Because heating
the ORC system directly with the biomass combustion fumes is not available yet, a thermal
fluid is required for an indirect heating of the ORC. If this thermal fluid is water or steam, high
pressures should be maintained in the equipment and a person with 100% of dedication
should be required. Because cost and security this solution is not appropriate for residential
use, so thermal oil should be used as thermal fluid.
The thermal fluid used for this heat exchange is Therminol SP. It works with high temperatures
and low pressures (up to 350 ºC at 8-20 bar), has high thermal transfer efficiency, low freezing
point (-40 ºC) and good temperature control.

5.1.5 Selection of burner, heat exchanger and ash cleaning system
Because of the biomass selected for the combustion plant is wood pellets, no special
restrictions are required for the biomass burner. For 1,500 kWt biomass boilers the burners
are grate type. Moving grate are not necessary because no dirtiness problems are produce
with the pellets, so no special specifications have to be considered in the tender for the type
burner of the boiler.
Relating to the boiler heat exchanger, boilers using thermal oil as thermal fluid usually are
watertube because the temperature control is easier. Nevertheless no specifications are
required for the tender relating to this issue because with correct automation and control a
shell-type boiler can work also perfectly with thermal oil. The tender should only consider that
thermal oil will be used as thermal fluid.
Relating the ash cleaning and extraction system, and because of the boiler size, it will be
automatic.

5.1.6 Design of the feed and combustion control system
The operation of the biomass combustion plant is marked by the ORC energy demand as is
shown in Figure 5-4. The control strategies required for its operation is out of the boundaries
of the combustion plant tender. The control system and strategies has been widely developed
and is included in D5.26.
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Figure 5-4: Belgian biomass combustion plant layout
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5.1.7 Modifications needed to integrate the biomass plants in the Belgian
BRICKER system configuration
The location of biomass boiler and ORC-prototype in a new technical room impose some
additional works to adapt this new technical room. Some new walls and new doors would be
built and the ceiling would be modified to give fire-resistant in accordance with fire
requirements. A new chimney must be built and will be specifically dedicated for the biomass
boiler. The external silos and cooling tower must be installed on concrete pedestal right behind
the external wall of the new technical room. The public tender contents a specific description
for piping, valves and pumps, in carbon-steel and materials suitable with thermal oil
transportation.

5.2 Spanish demo case
5.2.1 Size of the biomass combustion plant
In the case of Spanish demo, the BRICKER energy system consists in a tri-generation system
formed by the combination of an Organic Rankine Cycle (ORC) unit, an adsorption chiller, a
biomass boiler and a concentrating solar collector field. Cooling tower and heat exchangers
will form part of the facilities installed to allow energy system working. The heat required to
activate the 100 kWe ORC system, will be provide by the biomass boiler and the solar
collectors combined into a hybrid system. The ORC system working in cogeneration mode
covers the building heating demand (379.10 kW), and in combination with a chiller can cover
the building cooling demand (373.57 kW)
The ORC used for the BRICKER system has a generation modulation ratio from 30 to 100%. The
boiler of the biomass combustion plant will have an efficiency of 85% working at 30% load and
an efficiency of 90% working at total load. Considering these boiler data, the ORC
specifications showed in Table 5.1 and Table 5.2, and the worse weather option (no solar field
working and all the heat demand covered by the biomass boiler), different boiler sizes and
BRICKER system configurations have been considered.
Activation loop heat transfer fluid

Therminol SP

Activation loop inlet temperature (ºC)

245

Activation loop outlet temperature (ºC)

155

Activation loop flow rate (m3/h)

11.8

Activation thermal power expected (kWt)

580

Expected Gross Electrical power (kWe)

99

Table 5.1: ORC generation mode specifications
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Therminol SP
245

Activation loop outlet temperature (ºC)

173.3

Activation loop flow rate (m3/h)

11.8

Activation thermal power expected (kWt)

480

Expected Gross Electrical power (kWe)

70

Table 5.2: ORC cogeneration mode specifications



OPTION 1: one 500kWt biomass boiler, working with the ORC module in generation
mode (Figure 5-5) is inside the ORC activation range (490 – 550 kW). In cogeneration
mode (Figure 5-6) it covers the ORC thermal requirements (390-450 kWt), and also up
to 350 – 410 kWt of heating demand (the 300 kWt of dissipation thermal power and
the 50-110kWt of the primary loop). So, for a heating load of 379.10 kWt would be
enough.

Figure 5-5: Biomass boiler connected to the ORC module in generation mode in case not working solar
field.

Figure 5-6: Biomass boiler connected to the ORC module in cogeneration mode in case not working
solar field.
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Nevertheless, using an adsorption machine with a COP O.6, only 341.44 kW could be
obtained (considerations for model ADCM7-150 of adsorption machine). This cool
provided by the system would be less than the 373.57 kW of cooling required, so
bigger biomass boiler have been considered in this case.


OPTION 2: Using an 800 kWt boiler instead the 500 kWt one will allow to produce with
the adsorption machine 360 kW. Considering a COP adsorption machine of 0.6 and the
efficiency exchange of 0.9 for the heat exchange the power diagram would be as
indicate the Figure 5-7

Figure 5-7: BRICKER solution with an 800 kWt biomass boiler and an adsorption machine configuration



OPTION 3: Using a 600 kWt boiler and two chillers. One adsorption machine (COP 0.6)
for using the 300 kWt from the water condensation to produce 180 kW of cooling and
the other, a double effect absorption machine (COP 1-1.2) heated with the thermal oil
of the primary loop in an oil/steam or overheated water heat exchanger with an
efficiency of 0.9 as shows the Figure 5-8.
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Figure 5-8: BRICKER solution with a 600 kWt biomass boiler and two chillers



OPTION 4: Using a 900 kWt boiler combined with a double effect absorption machine
(COP 1-1.2) as shows the Figure 5-9. The absorption machine would be heated directly
with the boiler, and because thermal oil cannot be use directly on them, an oil/steam
or overheated water heat exchanger with an efficiency of 0.9 will be required. In this
case, the ORC could work at generation mode because not heating is required from it.

Figure 5-9: BRICKER solution with a 900 kWt biomass boiler and an absorption machine configuration

So in the Spanish case, if all the cooling demand should be covered by the biomass combustion
plant, this plant would be overdimensioned. For only some days at maximum conditions a too
big boiler should be installed. So to avoid it, the cooling peak load will be covered by the
existing cooling systems (heat pump and splits).
Additionally, and considering the economic restrictions and the intention of BRICKER solution
for being the sustainable trigeneration system, the first option, 500 kWt of biomass boiler will
be finally installed.
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As the Figure 5-10 shows, the energy required for increase the efficiency of the system and
reach the demand of the adsorption chiller, can be obtain from the return thermal oil from the
primary loop.
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Figure 5-10: Spanish layout with the biomass combustion plant integration
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5.2.2 Plant location in the demo building
The location for the biomass boiler and also for the storage and rest of auxiliary equipment will
be out of the building in a specific warehouse intended to house the BRICKER system. As the
technical room is new, there are not restrictions in dimensions.
With regard to the location possibilities shown in Figure 5-11 we can see the alternatives that
were contemplated. Of those locations, the 1A, 1B, 2A, 2B and 3A were rejected after talking
with the Goverment of Cáceres and with the Confederación Hidrográfica del Tajo, due to the
fact that this area was close to the channel of a river and the distance from the warehouse to
the river is under the legal minimum distance. So the only possible location, close to the
demonstrator building was the warehouse that stood at the locations 1C, 2C and 3B, each with
their respective configurations.
Finally the selected one was the configuration described in the Figure 5-12. This configuration
is considered optimal for the integration of the whole active system presented in the BRICKER
Concept in Spain into the industrial warehouse to build, taking into account the dimensions of
each one of them and in particular the biomass storage silos and the feeding from truck
entrances. This new technical room must be revised to satisfy with fire requirements and
fumes extraction.

Figure 5-11: Plant location possibilities
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5.2.3 Selection of biomass storage, transport and feeding system
Wood chips will be the biofuel chosen for the Spanish demo (selection detailed before in
section 2), nevertheless a combustion plant appropriate for using also pellets and olive kernel
will be design in order to allow future fuel changes caused by biofuel market changes.
In this sense, the biomass storage design for wood chips will be possible use for the other
biomass types because their density is higher and the storage days will be more. The transport
and feeding system can be the same if the chips size is nor too high.
For the biomass storage, three different scenarios (conservative, intermediate and minimum)
have been developed depending on the hours of operation of the boiler (see Table 4.3).
POSSIBLE SCENARIO

Yearly Energy Demand

Conservative Scenario
ORC works both with occupied building and when it is empty. All
the energy demand is supply by the biomass boiler (solar system
inoperative)
Intermediate Scenario
ORC works both with occupied building and when it is empty. The
energy demand when the building is occupied is supply by solar
collectors and the biomass boiler.
When the building is empty, the biomass boiler covers the energy
demand.
Minimum Scenario
ORC only works when the building is occupied.
The energy demand is covered by biomass boiler and solar
collectors.

4130 MWh
8675 h/year
361 days/year

2330 MWh
8675 h/year
361 days/year

530 MWh
2675 h/year
111 days/year

Table 5.3: Working combustion plant scenarios

According to Spanish legislation, the minimum recommended storage is for two weeks of
maximum consume. So with these scenarios, and considering all types of biomass, the volume
required for two weeks and a month of consume has been calculated in Figure 5-13 .
As shown this table and considering a storage room of (10x10x4m) with the more restrictive
scenario (using wood chips in the conservative scenario) 20 days of storage will be possible. In
the same way and considering the most positive option (wood pellets in the minimum
scenario) 800 days of storage will be available.
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Conservative scenario
Type of
biomass

Biomass used
(kg/day)

Biomass
volume
3
(m /day)

Storage
volume for 30
3
days use (m )

Storage
volume for 15
3
days use (m )

Pellets
Chips
Oliver kernel
Almond shell

2,515.46
3,492.31
2,850.86
2,850.86

3.87
17.46
4.39
8.15

116.05
523.85
131.58
244.36

58.03
261.92
65.79
122.18

Annual cost
without
transport and
taxes (€)
15,033.20
5,740.70
9,499
7,434

Minimum scenario
Type of
biomass

Biomass used
(kg/day)

Biomass
volume
3
(m /day)

Storage
volume for 30
3
days use (m )

Storage
volume for 15
3
days use (m )

Pellets
Chips
Oliver kernel
Almond shell

322.68
448.17
365.85
365.85

0.5
2.24
0.56
1.05

14.89
67.22
16.89
31.36

7.45
33.81
8.44
15.68

Annual cost
without
transport and
taxes (€)
1,929.2
736.7
1,219
954

Intermediate scenario
Type of
biomass

Biomass used
(kg/day)

Pellets
Chips
Oliver kernel
Almond shell

1,418.57
1,970.24
1,608.36
1,608.36

Biomass
volume
3
(m /day)

Storage
volume for 30
3
days use (m )

2.18
65.47
9.85
295.54
2.47
74.23
4.6
137.86
Figure 5-13: Silo size calculation

Storage
volume for 15
3
days use (m )
32.74
147.77
37.12
68.93

Annual cost
without
transport and
taxes (€)
8,481.2
3,238.7
5,359
4,194

This storage can be in surface or underground
depending on the biomass supplier chosen and their
biomass transport possibilities. Using tipper truck the
best option for the silo is to be underground with
sloping floor or horizontal with scrapers, and an access
trap. In the case of pneumatic discharge the better
option would be a surface silo. Although the most
probable fuel will be wood chip supplied with tipper
truck, this can change during the combustion plant
Figure 5-14: Brick silo available for
life, and in the same way its transport, so a versatile
tipper truck and pneumatic discharge
enough silo will be considered. A silo, as Figure 5-14
shows, allows discharge from a tipper truck transport into an external hopper that feed the silo
with a screw elevator, and a discharge from a pneumatic truck directly through a hole in the
silo’s wall. This silo will be half underground to make easy the biomass circulation between this
silo and the external biomass reception hopper, and avoid the necessity of mechanical
movements of the biomass.
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5.2.4 Selection of thermal fluid
As in the case of Belgian demo case, thermal oil for heat exchange and activate the ORC
system is required. Therminol SP has been selected as thermal oil because of it works with high
temperatures and low pressures (up to 350 ºC at 8-20 bar), has high thermal transfer
efficiency, low freezing point (-40 ºC) and good temperature control.

5.2.5 Selection of burner, heat exchanger and ash cleaning system
Burner grate type will be required because of the use of wood chips as biofuel and because of
500 kWt is too high for an efficient combustion of chips. Moving grate is not required, because
the chips moisture will be less than 30%.
Relating to the boiler heat exchanger, boilers using thermal oil as thermal fluid usually are
watertube because the temperature control is easier. Nevertheless no specifications are
required for the tender relating to this issue because with correct automation and control a
shell-type boiler can work also perfectly with thermal oil. The tender should only consider that
thermal oil will be used as thermal fluid.
Relating the ash cleaning and extraction system, and because of the boiler size, it will be
automatic.

5.2.6 Design of the feed and combustion control system to work as a hybrid
system
The operation of the biomass combustion plant is marked by the ORC energy demand and the
solar collector energy contribution. The control strategies required for its operation is out of
the boundaries of the combustion plant tender. The control system and strategies has been
widely developed and is included in D5.26

5.2.7 Modifications needed to integrate the biomass plant in the Spanish
BRICKER system configuration
Building modifications are not required for installing the biomass plant neither the rest of
equipment that forms the BRICKER system because they will be installed in an energy
production central that will be located in a new building specially constructed for this use.
BRICKER system will connect directly with the existing HVAC system. The production
equipment from this existing system will be also installed in this central energy production.
The connexion between both systems will be done through common impulsion and return
collectors.
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6 Market analysis of the potential constructors
For BRICKER system all the equipment and accessories are widely available except the biomass
boilers, that because of their specifications (small size for providing high temperature heat)
will have to be tailor made, having higher cost as other commercial ones would have.
The boiler is the main part of the biomass combustion plant, and the boilers required to
provide heat to the demonstrators are usually used at industrial level, so they are bigger than
the size required for BRICKER system. Additionally thermal oil boiler fed with pellets is not
usual, in the case of Belgian demo that the size is not as limit as in the Spanish one, the
biomass type mixed with the thermal level requires boiler modifications.
Other special characteristic for the BRICKER biomass boiler is the modulation possibilities in
order to follow the heat requirements of the ORC unit.
Most of the European biomass boilers manufacturers (not including those that can
manufacture customized equipment because of the high cost) which have the type of boilers
needed for the BRICKER system are listed in the Table 6.1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Manufacturer
AspiracionesZamoranas
L Solé S.A
RCB SL
Sugimat SL
Eratic
Ventil- Engenharia do Ambiente
HTT
Weiss GmbH
Bono Energia
D’Alessandro Termomeccanica
Uniconfort
KIV
Danstoker A/S
Groupe COMPTE.R.
Kohlbach Holding GmbH
Polytechnik
Binder
LaatukattilaOy
Reka

Country
Spain
Spain
Spain
Spain
Spain
Portugal
Germany
Germany
Italy
Italy
Italy
Slovenia
Denmark
France
Austria
Austria
Austria
Finland
Norway

Web
www.aspiracioneszamoranas.com
www.lsole.com
www.calderasrcb.com
www.sugimat.com
www.eratic.es
www.ventil.pt
www.htt.de
www.weiss-kessel.de
www.bono.it
www.caldaiedalessandro.it
www.uniconfort.com
www.kiv.si
www.danstoker.dk
www.compte-r.com
www.kohlbach.at
www.polytechnik.com
www.binder-gmbh.at
www.laatukattila.fi
www.reka.com

Table 6.1: List of European Biomass Boiler Manufacturers suitable for Project requirements
Source [31]

There are some differences between budgets depending on characteristics of the fuel allowed,
the type of grate (fixed, mobile or water cooled), the automation level and control accessories
and specific solutions for each demonstrator will be described in the sections bellow.
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6.1 Belgian case
Possible manufactures and providers of thermal oil biomass boilers have been identified for
the power required by the Belgian demonstrator. The most remarkable are L’Solé, Sugimat and
D’Alessandro Termomeccanica (SATIS) that have budgets between 130,000 to 300,000 €.
L. Solé S.A.: 284,700 € (with several accessories not included). 1.5 MWt boiler with
performance≈ 0.85, possible modulation from 30 – 100%, maximum operation temperature of
300 ºC (ΔT = 20 ºC), and 3,800 mm of height and 2,100 mm of diameter.
Sugimat S.L. model SHH-40/1250: 130,450 € (with several accessories not included; 190,000 €
with them). 1.453 MWt with maximum operation temperature of 300 ºC, 4,958 mm of height
and 2,113 mm of diameter.
D’Alessandro Termomeccanica (SATIS) model OD 150 N: 260,000 € (with several accessories
not included).1.744 MWt boiler with maximum operation temperature of 310 ºC, 2,900 mm of
height, 4,500 mm of length and 2,900 mm of boiler height.
Other consulted suppliers have only superheat water boilers (CARSAN BIOCOMBUSTIBLES S.L)
or the price is prohibitive (POLYTECHNIK BIOMASS ENERGY with a cost of 1,225,000 €).
Due to the height limitations it seems that a boiler in a vertical position is not going to be
possible so a horizontal boiler could be required. Nevertheless, due to the problems with more
dirtiness for the horizontal position than vertical one, a vertical boiler would be considered as
an option.

6.2 Spanish case
For the Spanish case, several boiler sizes have been considered as optional, and because their
investment cost is an important parameter for the boiler selection, providers and prices for all
of them have been studied. The most remarkable are Sugimat and D’Alessandro
Termomeccanica (SATIS). Both have boilers for all the sizes studied (from 500 kWt to 900 kWt),
their budgets match with the budget available for the project (170,000 €), and technical
specifications and dimensions for these equipments are the required by the BRICKER solution.
D’Alessandro Termomeccanica (SATIS) has two models, one for 582 kWt with cost of 100,000
€, and the other for 999 kWt that costs 210,000 €.
Sugimat S.L. also has models for these sizes. The 500 kWt one costs 100,000 € and the 930
kWt one costs 120,000 €
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7 Operation and maintenance strategies for the selected

boilers
Potential BRICKER biomasses (chips, wood pellets or olive kernels) do not generate any
problem regarding the formation of ashes or corrosive elements such as herbaceous and other
industrial biomass. However, since Spanish boiler admits any type of biomass, this section
depicts strategies in case in some moment, bad quality biomass feeds the Spanish building.
Furthermore, it is described the potential applications for the use of woody ashes generated
during the combustion in the boilers to be implemented in Belgian and Spanish demo sites as
alternative to the disposal in landfill.

7.1 Main problematic issues associated to biomass
During the last 30 years, wood combustion systems have been well developed and reached a
high quality and performance level in Europe. The energy efficiency has increased, the
emissions have decreased, fully automatic operation systems have been developed and the
combustion technology has been optimised for woody biomass fuels. However, the use of
biomass have special problems such here described.
Biomass combustion leads to relatively high dust emissions. The dust emissions can consist of
both carbonaceous particles and vaporised inorganic matter mainly alkaline metals, sulphur
and chlorine. Typical dust emissions from modern pellet boilers operated at 100% load can
vary from 10 to 30 mg/MJ, while the emissions from wood fired heating units varies between
11 and 56 mg/MJ.
Wood combustion processes (small and large scale boilers) produce very similar emission
profiles. In all cases, 90% or more of the particles emitted are less than 10 microns in diameter
(PM10) and are inhalable. Moreover, 75% or more of the particles are less than 2.5 microns in
diameter (PM2.5), which are capable of penetrating deep into the lungs. For this reason, fine
particulate matter is commonly also considered a hazardous air pollutant.
In case it exists a presence of metal traces in wood biomass, they tend to be distributed as
follows. Zn, Pb, Cd, Cu, As, Tl, Ni and Cr tend to be enriched in the fine particle fraction, while
elements considered to be non-volatile (Fe, Ca, Mg, Al, Mn, Si, P) remain mainly in the bottom
ash. For some elements the volatility is highly dependent on the chemical composition of the
fuel, for sulphur as an example.
Burning non-woody biomass fuels is a challenging option because of higher ash contents and
the presence of alkaline metals (potassium, phosphorus, chlorine and sodium) which are the
responsible of cause fouling and slagging problems, especially in superheater tubes. These
phenomena consists in the ash deposition in the surfaces of heat exchanger tubes which cause
heat transfer inhibition, difficulting the cleaning of the deposited ash and, occasionally,
reaching mechanical failure in the heat exchangers. In addition, the presence of chlorine
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produces the formation of strongly corrosive deposits creating in this way an additive layer
deteriorating the heat transfer.
Incomplete combustion can lead to emissions of carbon monoxide (CO), volatile organic
compounds (VOC), PAH (polyaromatic hydrocarbons), soot and tar. Finally, biomass may also
cause the formation of dioxins and furans under certain combustion conditions, e.g.
intermittent combustion.
Furthermore, biomass and in special non-wood biomasses have high concentrations of
nitrogen (N) and sulphur (S), which emissions of nitrogen oxides (NOx) and sulphur dioxide
(SO2) are high. Both have significant health effects (e.g. respiratory problems) and are harmful
gases to the environment contributing to acid rain.
An overview of all processes which lead to the production of these pollutants can be seen in
Figure 7-1.

Figure 7-1: Mechanisms involved in ash formation during combustion.
Source [31]

7.2 Ashes management strategies
Biomass ashes are the inorganic incombustible part of fuel left after complete combustion, and
contains the bulk of the mineral fraction of the original biomass. The proportion of these
fractions depends on the different parameters and conditions of the combustion process, such
as the type of biomass, the combustion and operating conditions in which the process is
developed. In wood (pellets or chips), ash usually represents less than 2 percent. For the case
of wood chips, the ash content depends on the bark content since the minerals are usually
more concentrated in that region.
Usually, three ash fractions can be generated in biomass combustion plants. The main ash
fractions are:



Bottom ash: collected from the combustion chamber through containers.
Coarse fly ash: which come from boiler and cyclone.
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Fine fly ash: which come from electrostatic precipitators or bag house filters.

There are significant differences in the nutrient and heavy metal content between bottom ash,
coarse fly ash and fine fly ash. Volatile heavy metals such as Zn, Pb and Cd as well as the semivolatile nutrient K exhibit highest concentrations in the fine fly ash, while non-volatile
elements like Ca, Mg, Si, show the highest concentrations in the bottom ash.

7.2.1 Management strategies addressed to the use of bad quality biomass
This section deals with strategies to reduce the release of alkali metals available (potassium,
phosphorus, chlorine and sodium) in case boilers from BRICKER buildings are fed with nonwood biomass in order to overcome the damage that this type of biomass can generate in
boiler equipments.
The problems previous mentioned, named slagging and fouling, occur when alkali compounds
reach the heat exchanger where these substances condense and in this point they react
forming salts (KCl, K2SO4), which are embed in the exchanger because of the low melting
point. In addition, the presence of chlorine produces the formation of hydrogen chloride (HCl),
which make this layer deposits are strongly corrosive. The reactions are complexes and varied,
but it is known that they occur at 600-800 ºC.
The solutions are addressed to influence in these reactions in order to produce compounds
which higher melting point. There are two options:


Incorporate additives in which chemical composition there are silicates.
Silicates can react with potassium preventing its evaporation but also can act with KCl
in order to generate other compounds which higher melting point.
2KCl + Al2O3 • 2SiO2 + H2O -> K2O • Al2O3 • 2SiO2 + 2HCl
There are several additives able to be used. Prices and doses are in following Table 6.1.
Better results are obtained with kaolin, however, this is the additive more expensive.
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Possible additive
products

Approximate price (€/ton)

Sand (0.11-0.15 mm)
Chalk
Kaolin
Rollovite
Bentonite
Aluminum sulfate
Monocalciumfosfat MCP
Dicalciumfosfat DCP
Manure
Brewery draff

42
42
320
188
264
?
423
Approx. 450
Free except for cost relating to drying and
transportation
Free except for cost relating to drying and
transportation
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Required
additive
(for straw)
(%)
3-5
3-5
3-5
3-5
3-5
3-5
3-5
3-5
20?
10?

Table 7.1: Cost and doses for possible additive products.
Source [32]



Feed boiler with a mixture of biomass rich in Ca, S and Si.
In case, in some moment there is a lack in the supply of wood biomasses or for an
economic interest and it is thought to use other biomasses, this is possible. For it, a
well analysis that provides the suitable doses for each biomass must be carried in
order to guarantee that the mixture of biomass does not cause any harmful compound
which damage boiler compounds.
As it can see in following reactions, the presence of Ca and S make disappear the
problematic HCl and KCl.
CaO(s) + 2HCl (g)→CaCl2(s) +H2O (g)
2KCl + SO2 + ½ O2 + H2O ->K2SO4 + 2HCl
2KCl + SO2 -> K2SO4 + Cl2
The presence of sulphur in the fuel may inhibit the effect of chlorine through a
sulfation reaction, in which the alkali metal chloride is converted to less volatile alkali
metal sulphate. But it is necessary to underline that it is possible to produce chlorine in
the absence of oxygen (high corrosive compound) if reactions are not controlled.

7.2.2 Management strategies: potential applications of wood ashes
Landfill disposal has traditionally been the most widely used method for waste management,
however, with the recent increase in the cost, acquisition and development of new waste
disposal sites, the importance of finding alternative ways of managing ash wastes have risen.
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Each type of biomass (herbaceous, wood, industrial) has different inorganic matter which
conditions the final application since the elements suffer chemical transformations during the
combustion. As it can be noted in next Figure 7-2, woody biomass are far from a composition
rich in silicate, carbonates and phospates, which are the responsible of damage the boiler
chamber.

Figure 7-2: Biomass varieties position areas in chemical classification system of biomass ash based.
Source [33]

Thus, taking into account that ashes generated in BRICKER facilities are suitable because of its
wood origin, they could be applied as follows:


Woody biomass bottom ash may be reused as a building material for replacing granular
material in geotechnical works, like road foundations as well as being applied in
agricultural or forests soils.



Reuse of woody biomass fly ash in agricultural uses (although they pose environmental
problems related to higher content and higher leachability of heavy metals compared to
bottom ash) and/or industrial applications (sorbents and occasionally synthesis and
production of minerals, ceramics and other materials).

In case of large amounts of ashes, it is required hiring a service for the ash removal through
the enterprise installer and / or responsible for maintenance.
Following it is depicted the several potential applications in agriculture, civil engineering and
building industry as well as others options that are currently in the R&D or demonstration
phase:
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Applications in soils
Woody biomass bottom ashes can be added to soil in order to supply nutrient and essential
elements present as major (C, O, H, Ca, K, occasionally N), minor (S, Mg, P, Cl, Na) and trace
(Mn, Zn, Fe, B, Cu, Mo, others) elements in biomass for improving the natural balance in the
system. But in addition, ashes have amendment properties, improving texture, aeration and
water holding capacity of soils as well as coring the acid pH. Furthermore, ashes from biomass
present the enormous advantage of long effect (contrary to commercial fertilizers); hence its
traditional use.
However, it is necessary to add higher amounts of biomass ashes that in the case of
commercial fertilizers. According to [34] has the same effect: 4-5 Mg of ash/ha than 0.5 Mg
commercial fertilizer since only the 18-35% of ashes can be assimilated by the soil (vs. an
assimilation rate of 65-70% for commercial product).
It is important to note that for the use as soil amendment and fertilizer, trace metals must be
clearly quantified and their impacts studied previously to ensure that ash disposal does not
become an environmental hazard. Restrictions must be taken with fly ashes, especially from
filters because they could have hazardous trace elements such as As, B, Ba, Cd, Cr, Cu, Hg, Mn,
Mo, Ni, Pb, Se, Zn and others, which is not the case for quality woody biomass such as
BRICKER’S biomass.
Finally, certain legislation includes limiting or guiding values for bulk concentrations of heavy
metals for the ash application on agricultural land and in forests in some countries. However,
in some countries such as Austria, ashes are used as additives for compost production,
whereas in Austria and Germany, they are used as a liming agent for forest soils.
Construction materials
The production of construction materials (particularly cement and concrete) currently offers
the main opportunity for biomass ashes which can be used as cement replacement in
concrete, structural filler in asphalt and asphalt base products, lightweight bricks and synthetic
aggregate. However, it exists some commercial barriers linked to technical and normative
issues.
Research has found that biomass ashes can affect the apparent density, water absorption and
mechanical properties of the concrete. In consequence, the use of fly ash in construction
should be carefully analyzed to guarantee that it complies with standards. However, it is
proved that fly ashes from wood, rice husk, wheat straw and sugar cane straw have the same
pozzolanic properties as coal fly ash, improving the performance of concrete when they have
been added [35].
Concerning the normative, according to the European Waste Catalogue and hazardous
residues list, both bottom ash and fly ash coming from the combustion of untreated wood are
classified as non-hazardous wastes, however, the reuse of ashes as a partial cement
replacement material is not allowed by ASTM C 618 and UNI EN 450-1, that are the current
standards governing the use of fly ashes as mineral admixtures in concrete. Indeed, such
regulations preclude the use of any material not derived from coal combustion. However, it is
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reasonable to think that a future extension of the current regulations to the reuse of fly ash
from pure biomass combustion in concrete should be limited to those samples capable of
meeting the physical and chemical requirements as specified in the ASTM C 618 or UNI EN
450-1 standards.
Fly ashes are used as raw material in the cement and brick industry in a few countries such as
Austria and Netherland. In others, the ashes are used for grouting mines or used as asphalt
(Austria, Finland and Sweden) or concrete filler. In Sweden some ashes are used as
construction material for landfills. In many countries however, most of the ashes are still
disposed.
Finally, it is interested to mention that fly ashes will be utilized for building the ventilated
façade.
Others potential applications
Biomass ashes have a wide range of potential applications which are currently under research.
Papers such as [33] is a good source for compiling these options
Adsorbents:
Biomass ashes have a big potential for sorbent application. They can be used as new effective
and cheap adsorbents for removal of different contaminants because some of them have
considerable specific surface area and ion exchange capacity.
The reference investigations reveal that all biomass ashes but special (rice husk, bagasse,
wood, meat–bone meal) have been used or tested as new effective adsorbents for removal of
following elements and compounds:
(1) Elements, namely As, Au, B, Cd, Co, Cr, Cu, F, Hg, Mn, Ni, Pb and Zn.
(2) Compounds such as NH3, NOX, PO4, SOX, phenols, toluene, polychlorinated aromatic
hydrocarbons, humic acid, pesticides, pigments (dyes), fatty acids, phospholipids and
radionuclides; from gas emissions and/or wastewater.
The reference investigations also show that the adsorption with biomass ashes is much
cheaper than the application of activated carbons
Synthesis and production of minerals, ceramics and other materials.
The highly variable inorganic composition of biomass ashes (in contrast to other ashes) offers
significant potential for synthesis and production of numerous valuable and advanced
materials (different ceramics, membrane filters, glasses, glazes, fire-resistant, fireproof and
refractory materials, lightweight thermal insulators and synthesis of geopolymers, mineral
fibres, quartz–cristobalite–tridymite, mullite, Na silicate, wollastonite and zeolites) with
innovative opportunities for preliminary programmed composition and specially tailored
properties.
Investigations show that following biomass ashes are suitable: rice husk, bagasse, olive
residue, sunflower shell, wood, halophytic plants and wastes.
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7.3 Exploration the measures to reduce the boiler’s emissions (VOCs
and particles)
Directive 2008/50 provides the air quality standards that each country must meet, giving them
considerable scope to determine what actions must meet these requirements.
E.g., in the case of Spain, domestic boilers are included in RD 100/2011 as activities potentially
polluting of the atmosphere. However, any special action is required when they are
implemented in buildings but basic rules (e.g. it should apply the best available technologies
and fulfill the normative approved in regional administration).

7.3.1 Exploration the measures to reduce the boiler’s particles
Currently, the most common technologies used on larger wood boilers for reducing the
particles from the exhaust gases are:
•
•
•

Mechanical Collectors (cyclones, multicyclones and core separators).
Fabric Filters (bag houses).
Electrostatic Precipitators (ESPs).

A well-known technology called a water scrubber is not normally used for wood energy
systems.
Cyclones and Multi-Cyclones
Cyclones use centrifugal force to separate particulate out of the flue gases. The flue gases with
particulate matter enter the inlet at a high velocity along the inner wall at the top of the
cyclone body. The clean flue gases exit out of the top. As gravity starts pulling the spinning
particulate down, the taper of the cyclone body helps keep the spinning (cyclonic) effect in
motion until the particle drops out the bottom of the cyclone body and into a hopper. A multicyclone uses numerous smaller diameter cyclones to improve efficiency.
Single cyclones are less efficient collectors of PM than multi-cyclones. Overall, the average
efficiency of particulate removal with a single cyclone is approximately 50 percent; for a multicyclone, the efficiency ranges from 65 to 95 percent.
When making a decision on purchasing, installing, and maintaining emissions collection with
cyclone technology, it is important to understand that both single and multicyclones’ collection
efficiencies decrease as particle size decreases, making them more efficient at capturing larger
particles (PM10) and ineffective at capturing the finest particles (PM2.5).
Core Separators
The core separator is a mechanical collector system that functions on the same general
principle as a cyclone, but the processes of separation and collection are accomplished by two
different components: a core separator and a cyclone collector. The exhaust gas is cleaned as
it flows through the core separator by a recirculation fan until the particles are collected in the
cyclone. The core separator has very high collection efficiency for larger particles (larger than
PM10) but collection efficiency falls to below 50 percent for the smallest particles. Overall,
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collection efficiencies can be as high as 90 percent. It should be noted that, at this time, core
separator collection systems are not in commercial production.
Fabric Filters (Bag houses)
While mechanical separators such as cyclones and multi-cyclones have a broad range and
relatively lower collection efficiency that of fabric filters or bag houses can be higher.
Depending on the design and choice of fabric, particulate control efficiencies of more than 99
percent for total PM can be achieved by fabric filters or bag houses.
Fabric filters are better able to reduce fine particular emissions when they are not overloaded
with larger particulates. Therefore, the best application of a fabric filter includes a cyclone in
sequence.
Since the cyclone is good at removing larger particles, it complements the fabric filter well.
Electrostatic Precipitators (ESPs)
An ESP is a particle control device that employs electric fields to separate particles from the
gas stream on to collector plates from where they can be removed.
The ESP has two components, the charging and collecting sections. In the charging section, the
PM in the flue gases pass by an ionizer that imparts a positive electric charge to PM. The
positively charged PM is collected on negatively charged plates in the collecting section,
thereby removing PM from the flue gases. At periodic intervals, the particles from the
negatively charged plates are removed by rappers or hammers or vibrators, depending on the
design, and collected into the bottom hopper for removal.
In general, collection efficiencies of ESPs typically average more than 98 percent for PM10, and
almost as high for PM2.5.
While fabric filters are the most efficient means of collecting total PM, ESPs are almost as good
as the best fabric filters without the fire risk. Due to its low height, an ESP can usually be
installed inside the boiler room or plant if there is sufficient floor space. Compared to a fabric
filter, an ESP uses less energy and has both lower maintenance requirements and better
separation efficiencies.
The Table 6.2 compares the reduction rates (or collection efficiencies) of each emissions
control technology discussed here. Two types of PM are shown: PM10 (particles 10 microns or
smaller) and PM2.5 (particles 2.5 microns and smaller), the latter of which are of greatest
concern relative to impacts on public health.

Single Cyclone
Multi-Cyclone
Core Separator
Fabric Filter (bag house) with
Cyclone
Electrostatic Precipitator

PM10
50%
75%
29-56%

PM2.5
5%
10%
72-94%

99%

99%

95%

90%

Table 7.2: Reduction rates achievable with emissions control devices.
Source [36]
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It is important to remember that reduction rates can be improved when combined with best
combustion practices, and that ground-level impacts to air quality and public health can be
reduced by correctly siting and sizing the stack associated with a wood energy system.
On the other hand, it is known that following factors influence in the release of ash species
during combustion which end in the exhaust fumes such as particles: combustion temperature,
reducing conditions, fuel moisture content and temperature-residence time.
To achieve an optimal control of the combustion process it should be possible to adjust control
of the combustion air distribution over the entire combustion zone since the flue gases
entering the flue gas burnout zone exhibit significant local variations of the calorific value and
O2 concentration over the cross section.
A good practice to follow is link primary and secondary, and/or tertiary air systems from boiler
to oxygen sensors in the flue in order to detect oxygen levels in the flue gases. These sensors
will then communicate with the system to better regulate oxygen flows to optimize
combustion, thereby ensuring a more complete burn and lower particulate emissions rates.
The system should additionally be equipped with an induced fan for better combustion
control.
Recently infrared cameras are used in grate firing processes for biomass combustion in order
to optimize the process control. These infrared (IR) cameras with a band pass filter at 3.8 to 4.0
μm allow for a detailed measurement of the solid bed's temperature distribution.
IR and/or video camera-based online detection of the local burnout status of the flue gas over
the entire cross section of the flue gas burnout zone enables the local combustion status to be
captured. In the centre, a bright flame indicates a good burnout of the flue gas. In the lower
right corner a strong soot streak can be observed, which indicates an oxygen deficit in this
area. In the upper left corner of the image cold material on the grate can be seen.
Following Figure 7-3 and Figure 7-4 show the points where to install infrared camera and the
image obtained from position 2, respectively.

Figure 7-3: Location of Infrared camera
Source [37]

Figure 7-4: Image from an infrared camera
Source [37]
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Using special developed image processing algorithms, the position and size of soot streaks
(regions with oxygen deficit) can be detected online. These characteristic quantities are used
for fast control of local demand-oriented secondary air supply. In this way, optimum flue gas
burnout can even be achieved in relatively small combustion chambers. In particular,
formation of incompletely burned flue gas streaks under no steady-state combustion
conditions can be prevented largely. CO-peaks and elevated concentrations of soot particles
are reduced effectively. At low concentrations of soot particles in the ash deposits on the
boiler surface, formation of PCDD/F (dioxin) is clearly reduced.

7.3.2 Exploration the measures to reduce the boiler’s VOCs
The following techniques can be distinguished for achieving the reduction of VOCs emissions.


Techniques based on destruction of VOCs present in waste gases:
- Recuperative or regenerative thermal oxidation.
- Catalytic recuperative or regenerative oxidation.
- Biological destruction.



Techniques enabling possible recovery of VOCs for possible reuse in the process after a
specific treatment carried on site or by external companies:
- Adsorption on activated carbon or zeolite substrates.
- Absorption in adapted scrubbing liquors (water, heavy oils).
- Condensation and cryogenic condensation.
- Membrane separation associated to other processes such as cryogenic condensation
and adsorption.

Following Table 6.3 summarizes the characteristics of each technique.
Range of
concentrations

Waste
gas flow
rates

Performance

Thermal
recuperative
oxidation

Adapted to high
concentrations (520 g/Nm3)

1,00030,000
Nm3/h

< 20 mg/Nm3

Thermal
regenerative
oxidation

Adapted to low
concentrations (210 g/Nm3)

10,000200,000
Nm3/h

< 20 mg/Nm3

Catalytic
recuperative
oxidation

Adapted to low
concentrations (210 g/Nm3)

1,00030,000
Nm3
/h

< 20 mg/Nm3

Catalytic
regenerative

Adapted to very
low concentrations

10,000100,000

< 20 mg/Nm3

Limits of use
Low concentrations
Presence of halogenated
organic compounds
Energy consumption
outside autothermal
conditions
Presence of halogenated
organic compounds and
particulate matter
Presence of halogenated
organic compounds,
catalyst poisons and
particulate matter
Risks of high
concentrations
Presence of halogenated
organic compounds,
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oxidation

Biological
destructions

Adsorption on
activated
carbon

Absorption
heavy oil

in

(<5g/Nm3)

Nm3/h

Adapted to very
low concentrations
< 1-2 g/Nm3

1,000100,000
Nm3/h

100-150
mg/Nm3

< 15 g/Nm3

1,000100,000
Nm3/h

50-100
mg/Nm3

< 10-15 g/Nm3

1,000100,000
Nm3/h

50-100
mg/Nm3

1,0005,000
Nm3/h

50-100
mg/Nm3

Cryogenic
condensation

>10 g/Nm

3
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catalyst poisons and
particulate matter
Risks of high
concentrations
Non-biodegradable
VOCs
Temperature of waste
gases to be treated
Non permanet relase of
NMVOC
Presence of particulate
matter, polymerisable
compounds
Treatment of recovered
products
Capacity of absorption
of VOCs
Treatment of recovered
products
High volatile compounds
Humidity
Treatment of recovered
products

Table 7.3: Overview of the most relevant parameters from VOC techniques.
Source [38]
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8 Evaluation of the economic impact of biomass consumption

at a life cycle basis
The evaluation of the economic impact of biomass consumption at a life cycle basis which we
propose in this section has as purpose to reflect the transport as an external factor which must
be taking into account for the selection of the type of biomass or supplier in order to avoid not
only over costs but also emissions which damage the environment.
The approach of our study is the result of a biomass trade characterized by international flows
far from sustainable criteria. The current situation of the biomass trade as well as the
methodology for a Life Cycle Assessment (LCA) are described in this section for a better
understanding of assumptions done in our case.

8.1.1 World biomass market
This sections intends to describe the current situation of biomass trade in order to highlight
that biomass selected by BRICKER must have good environment friendly characteristics. As it
was noted before, fuel is moved through the world in order to meet the needs of each
country, which is the consequence of a fast growth of sector in a short time (see Figure 8-1).

Figure 8-1: World pellet production (in thousand tonnes).
Source [39]

Following, it will display the main figures of the pellets sector and highlighted how electrical
applications has caused this non-sustainable market for industrial pellets, and how thermal
applications impacts in lower level due domestic pellets come from local markets.
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In 2013, pellet capacity reached 47.5 millions tonnes, being the pellet production around 23
million tonnes of which over 75% was attributed to UE and North America (USA and Canada).
Concerning the capacity installed, there are around 750 pellets plants in 58 countries, being
23% of plants located in North America (173 plants). In the case of Europe, large countries
manufactures are Germany and Sweden. World pellet production in 2012 is shown in Figure
8-2.

Figure 8-2: World pellet production in 2012 (in million tonnes).
Source [40]

Whereas European plants are small and medium plants, North-American ones cover plants
with a capacity above 10.000 t/year. This is due to large productions are focused in industrial
pellets, whereas small plants are linked with wood pellets for heating applications. Figure 7-3
describes this situation for year 2010.

Figure 8-3: Pellets plant size distribution.
Source [41]
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World consumption consisted of 23 million tonnes in 2012, being EU the largest pellet
consumers with 15 MT of pellet consumed which correspond with the 70% of the overall
production.

Figure 8-4: World pellet consumption in 2012 (in million tonnes).
Source [40]

Depending on the supportive normative, countries have expanded in a certain address. Thus,
whereas Belgium (88%), Denmark (55%) and UK (77%) have driven towards co-firing,
residential heating market has been developed in countries such as Austria, Denmark, and
Italy. Spain belongs to the heating group.
Consumption of pellets in Europe was 15.1 MT in 2013, with similar consumption figure for
domestic and industrial pellets (around 8 MT each). Expectations by 2020 foreseen that 20 MT
of pellets was consumed in thermal applications whereas 30 MT was for electrical in 2020 [41].
With respect of quality, 4 millions of pellets production is ENplus certified, which correspond
with 50% of the EU domestic pellet consumption.
Figure 8-5 reflects the EU consumption share.
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Figure 8-5: EU pellet consumption share in 2013 (in tonnes)
Source [42]

According to above data, it can remark that nowadays supply and demand have become an
equilibrium with a similar figure for production and consumption (23 millions of tonnes each).
However, pellet trade is characterized by flow between productive and demand areas. Thus,
large producers country as USA and Canada exports to Europe, latest also to Asia (Japan,
Corea).
Report developed by [40], with perspectives on the global pellet market in period 2010-2020,
displays transcontinental trade flows of pellets 2.0 million of tons in 2010 (including Eastern to
Western Europe), with nearly all of this between North America and Western Europe.
Relatively minor amounts also moved from North America to Asia, Canada to the US, and
Eastern Europe to Western Europe. All of these current trade flows are expected to increase in
magnitude while trade flows are expected to emerge from South America and Russia to
Western Europe as well as trade from Oceania to Japan and Korea. Total transcontinental
trade flows in 2020 are expected the reach over 18 MT, or about 40% of total production.
Figure 8-6 shows the current and emerging trade flows.
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Figure 8-6: Global pellet trade flows.
Source [43]

Europe is considered in the framework of this biomass flow as a net importer, where large
amount of industrial pellets are imported from North America for electrical applications
whereas domestic pellets suffer also a flow between European countries.

Figure 8-7: Type of trade flows.
Source [43]

IEA Bioenergy compiles data for the new players in the sector. Projections for consumption in
current minor markets are shown in Table 8.1. All indicates that consumption in Asian
countries (Japan, Korea and China) will exceed to Western Europe by 2020.
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Major consumers of pellets
Western Europe
Japan/Korea
China
North America

2010
10.8
0.2
0.6
3.4

2015
16.4
3.8
3
4.3
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2020
22.8
13.5
10
5.6

Table 8.1: Major consumers of pellets (ton).
Source [44]

This growth tendency seems to continue. Trade experts such as Poyry and Ekman & Co predict
that production of industrial pellets will increase at an annual rate of 21%, whereas domestic
pellets will at 8.5%. Worldwide current production and foreseen are compiled in table 7.2.

2012
16
14

Poyry
Ekman

2015
37
40

2020
68
80

Table 8.2: Consumption of pellet (MT/year).
Source [44]

The location of new plants will be mainly in North America, where are placed one third of
plants under construction. Also, Asian countries have started to arrange permits for using
byproducts from palm oil industry. In the case of Europe, Latvia is an emergent country.
Furthermore, manufacture countries such as USA have started to diversify its activity towards
domestic pellet, even for quality pellets. USA asked for certification for a flow of 300,000 tons
of pellets EN-plus.
On the other hand, a new product is being introducing in the market: torrefied pellets. It is
known that a capacity for 144,000 ton of this product is available in the market and other
745,000 t are under constructions or under development [27]. This product gains in energy
capacity (until 70%) in the conversion process, which reduce the transport cost, making them
profitable for a large distance. Moreover, their water content is low and even they are
hydrophobic.
Further information about outlook pellet market (actors, prices, etc.) can be obtained in:
http://www.bioenergytrade.org/
http://www.basisbioenergy.eu/
http://www.pelletsatlas.info

8.1.2 Life Cycle Assessment
The base for all business models for energy efficient investments and their proof of economic
viability are cost of capital, return on equity, energy price and trends for interests and energy
prices. Finally, external costs for environmental and social aspects should also be considered.
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However, taking decision in basis of an evaluation with a life cycle approach is more ambitious,
existing currently methodologies which meet this requirement: Life Cycle Assessments (LCA).
Life cycle assessments give a more holistic approach of the life cycle of products, being able to
see where in the product life cycle the main burdens arise. Traditionally, LCA is addressed
towards the sustainability, mainly from point of view of environmental, but it also covers the
social and economic dimension under the terms Social LCA (S-LCA) and Life Cycle Costing (LCC).
It is known as Life Cycle Sustainability Assessment (LCSA) when environment, economic and
social parameters are all analyzed.
In following Table 7.3 it is presented an overview of the standard methodology for LCA and
LCC.
LCA

Purpose

Compare relative environmental
performance of alternative product
systems for meeting the same enduse function, from a broad, societal
perspective.

All processes causally connected to
the physical life cycle of the product;
Activities
including the entire pre-usage supply
considered part chain; use and the processes
of the ’Life Cycle’ supplying use; end- of-life and the
processes supplying the end-of-life
steps.
Pollutants, resources, and interFlows
process flows of materials and
energy.
Primarily
mass
and
energy;
Unit flows
occasionally volume, other physical
units
The timing of the processes and their
release or consumption flows is
traditionally
ignored;
impact
assessment may address a fixed time
Time and scope
window of impacts (e.g., 100-year
time horizon for assessing global
warming potentials), but future
impacts are generally not discounted.

LCC
Determine cost-effectiveness of
alternative
investments
and
business decisions, from the
perspective of an economic
decision maker, such as a
manufacturing
firm
or
a
consumer.
Activities causing direct costs or
benefits to the decision maker
during the economic life of the
investment, as a result of the
investment.
Cost and benefit monetary flows
directly impacting decision maker.
Monetary units (e.g., dollars,
euro, etc.).
Timing is critical. Present valuing
(discounting) of costs and
benefits. Specific time horizon
scope is adopted, and any costs or
benefits occurring outside that
scope are ignored.

Table 8.3: LCA and LCC methodologies.
Source [45]

The use of LCC in a retrofitting building deals with assessing the total life costs of a component
or asset throughout the construction, operation and disposal periods of the built assets life. A
complete financial assessment should include investment, corresponding costs for
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maintenance, operation and added costs (replacement and product final disposal) divided
according to UNEP/SETAC (2011) [46] into:



Labour costs: Wages costs
Material costs: Material costs (operational costs), Energy costs (operational costs),
Equipment costs (investment costs), and final disposal. Revenues Taxes Discount
analysis is required.

LCC tool will be used in BRICKER (through Task 6.2) for developing business models for
commercialization of individual project results and will allow to know if future operational
savings justify higher initial investments as well as select the most cost-effective design
alternative over a particular time frame.
On the other hand, LCA inventory analysis aims to quantify all energy and raw material
requirements, emissions to air, discharges to water, solid waste and other releases for each
process step of a product system. The assessment of environmental impact following
methodology LCA should include damages in the environment such as climate change,
acidification, eutrophication, stratospheric ozone depletion, noise and a large list which covers
all the environmental impacts known nowadays. This analysis must make comparisons
between at least two scenarios.
For the case of biomass chains, it is found in literature studies focused in comparing different
conversion technologies (combustion, bioethanol, gasification) or different types of biomass
for a same technology as well as environmental impacts produced by biomass with respect to
fossil fuels. Latter studies address the life cycle assessments towards the analysis of flow of
material and energy of entire life cycle of the biomass, from raw material extraction, through
materials processing, use and disposal at the end of the product's life (from "cradle to grave",
see Figure 8-8). All transportation steps involved are also considered.

Figure 8-8: Biomass LCA from “cradle to grave”.

The application of this model for the biomass consumption (from "cradle to grave") could be
interested in order to evaluate the real energy savings when the biomass boilers are
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implemented in BRICKER demosites and complete the analysis of CO2 and energy savings that
in the framework of the project will be executed since they only take into account the savings
associated to the equipment replacement.
However, the application of LCA is rigorous due to the collection of a large number of data
which requires time and count with experts in this skill. This lead to avoid to consider the
phases extraction, processing and disposal since are far from the retrofitting of building and
focus the evaluation of the economic impact of biomass consumption in the transport given
the current situation of the biomass trade with fuel flows over territories.
Therefore, taking into account the large scope of an assessment life cycle basis, we will deal an
analysis of economic, environment and social analysis of biomass consumed in Spanish and
Belgium democases focused in transporting the fuel from supplier until building in order that
this information can help in taking any decision about the type of biomass or supplier to be
chosen. This meets with the purpose of project which follows the use of local available
resources in order to avoid an unnecessary transport of the fuel which supposes an overcost as
well emissions to the atmosphere. Furthermore, it is important to promote the biomass as
local business why it is important to provide lessons learn which encourage local markets.

8.1.3 Evaluation of biomass consumption impacts in terms economic and
environmental with an approach life cycle.
The use of biomass to produce energy replacing conventional fossil fuels results in a reduction
of greenhouse gas emissions. However, generating energy from biomass is currently rather
expensive due to technological limitations in terms of lower conversion efficiencies and to
logistical constraints. Latter is associated to the low energy density of biomass comparing the
fossil fuels and even among types of biomass we found large differences (e.g. chips vs pellets).
There are a huge number of studies which deal with improving the biomass logistics in order to
make profitable the use of biomass in the market at local scale since large wholesales can
make profitable the transport of the fuel over long distances, however, this supposes not
respecting the biomass as local economic activity. Hence, biomass market must basis in the
cooperation of manufactures and suppliers for trying to establish local markets. Some lessons
learn are provided for promoting such cooperation.
A. Data found from literature for taking into account as lessons learn
The distances usually considered by some authors in biomass logistics dictate that collection
points should be no more than 50 km from conversion plants, though others assert that a longdistance market for biomass should be set up, arguing that the cost of transportation by sea
over distances of around 1,200 km is not very different in terms of environmental impact from
the cost of distributing electricity produced at source from biomass transported in the form of
bales, pellets or tree sections.
An analysis about local and international biomass logistics can be found below.
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Some items dealt in [47] for local biomass chains are:
Distances for the feasibility of biomass transport:




Several authors consider 20-30 km for small-scale plants of around 2 MW electrical.
However, others cite 50 km from the electric power plant as the maximum distance
over which biomass can feasibly be collected, whereas other studies take a distance of
35 km.
According to projects focused in improving the logistic of pellets (Pelletsatlas),
consider the maximum profitable driving distance for truck transportation of forest
fuels is evaluated at approximately 60-100 km, depending on the material transported
and the logistics system. In the case of pellets the road transport over long distances
(more than 200 to 300 km) is not very economical (high transport costs in relation to
low product costs).

Mode of transport for the feasibility of biomass:


According to some authors, the cheapest mode of transport for loose biomass up to 30
km is tractor and wagons and beyond 30 km it is trucks. However other studies find
100 km to be the maximum distance for trucks, and propose that trains be used for
longer distances.

Influence of transport in the whole cost of biomass:




In local transportation around 75% of the cost of moving, transporting and delivering
herbaceous biomass to plants from temporary storage locations is accounted for by
the cost of trucks.
It is not considered financially viable to densify biomass for transportation over
distances of less than 81 km [20].

Environment and economic impact of different biomass chain:
Environment impact
In local and national areas




Chips chain: 1.0–1.7 kg C/MWhchip (around 4–7 kg CO2eq1 per MWhchip) [47].
Chips chain (truck: 30 km): 1.5–3.0 kg C/MWh [48].
Chips and pellets chains which includes a wide range of transport systems for local (30
km) and national distances (600 km): 1-4.9 kg C/MWh [48].

International areas



Logging residues transported as bales from Sweden to The Netherlands: 3.5 kg
C/MWhchip [49].
For a pellets alternative from Sweden to The Netherlands is around 3.3 kg C/MWhchip
[49].

These values indicate that the associated environmental impacts are not so high at
international level when comparing with national biomass chains since a big vehicle is able to
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transport larger amount of biomass than lorries. Nevertheless, it is required to analyse in detail
the local and national chains in order to find the type of transport and biomass format which
less environment impact associated in order to boost the local activity.

Cost
International areas





Chips chain: 23-28 €/MWh [50].
Chips chain (1,100 km) vary between 21-28 €2007/MWh, whereas pellets cost was
estimated in 20-25 €2007/MWh [48].
Chips chain (1,100 km) vary between 21-28 €2007/MWh or 22-25 €2007/MWh in
pelletised form [49].
Energy crop logs (20% moisture content) from Latin America delivered to a Dutch
power station is about 8.3 €2007/MWh [50].

The most economical way of transporting biomass in various formats from either Scandinavia,
Latin America and Eastern Europe to Western Europe is by sea from Latin America
(>10,000 km) in pelletised form [50]. The biggest differences between Latin America and
Europe are shown to lie in the price of biomass itself: preparation and transportation costs are
very similar.
A deep analysis in this topic (economic and environment impact) has been carried out by [48]
in which is provided the cost and CO2 emissions per MWh supplied in 40 alternatives biomass
chains which cover local, national and international transport. The analysis is applied in
Scandinavian countries and encompass the next combination:


Biomass form: bundle, chip and pellet



Transport way:
o

Local: 30 and 80 km. Truck

o

National: 600 km or 250+400 km. Truck, train, ship.

o

International: (250 km) +1100 km. Truck, train, ship.

Main conclusions:




Among 40 alternatives, the most cost-effective and environment friendly are those which
includes the ship as transport way. Furthermore, pellets format do not suppose a saving in
total costs as well as in emissions since the own pelletization process requires a significant
increase in both items. Thus, in the biomass chain: bundle (truck: 80 km) + pellets (train:
250 km + ship: 1100 km), the pelletization process have a higher cost per unit of energy
than whole transport (7€2007/MWh vs 6 €2007/MWh).
Least expensive and low CO2 emission options for the local chain corresponds with
transport biomass in bundles: 12 €2007/MWh. Using chips for the same distance, the cost
would be 14 €2007/MWh. Concerning national and international transport, the better
options involves chips (train 250 km + ship 400 km), whereas the international chain
corresponds with chips in the transport way: train 250 km + ship 1,100 km.
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International transport does not mean an increase of cost or CO2 emissions. In fact,
following chains have the same economic impact and in addition are considered as the
chains with lowest impact in environment at national and international level.
o National: bundle (truck: 80 km) + pellets (train: 600 km).
o International: chips (train: 250 km) + chips (ship: 400 km).

B.

Biomass costs and environment impact of the biomass supply in demosites

This analysis allows to analyze the cost of biomass and impact of CO2 attributed to different
transport scenarios. Taking into account the current situation in which it is necessary to select
a supplier in the case of Belgium, this analysis can address to compare data from different
pellets providers. In the case of Spain, the analysis will be focused towards the selection of the
biomass. The most possible biomass is biomass chips because is the cheaper type and the
economical restrictions focus the attention on it, nevertheless it is not clear yet which will be
the final fuel.
To study the environmental impact and the total transportation cost, it is necessary to have
the information on the fuel consumption, the emission factors and the energy consumed for
each kilometer of transportation by truck.
For both environmental impact assessment, it will take into account the methodology followed
by ¡Error! No se encuentra el origen de la referencia.[47]. This states that the average energy
required for a truck to transport 1 tonne of goods over 1 km is 1590 kJ per tonne and km.
Then, through GHGenius, a LCA tool, it is calculated the amount of CO2 produced by a
conventional lorry of pellets, which corresponds with 108 g by tonne and km.
Belgium biomass supply
This analysis can help to know the cost of biomass and impact of CO2 attributed to the use of
biomass purchased to different suppliers. Only it is done with pellets since it is the only fuel
which meet the demosite requirements.
For the study, we analyse the information compiled about the costs and conditions of delivery
for two suppliers which offer the same product quality. Thus, economical cost of raw material
only will be conditioned by the logistic issues. Conditions of product sale by each supplier are
shown in table 7.4.

Scenarios

Supplier

Delivery conditions

Annual costs

11 deliveries with a capacity
of lorry for 29 tons
70,119 €
Annual distance: 704 km
19 deliveries with a capacity
Scenario 2
Girretz Pierre
of lorry for 17 tons
78,132 €
Annual distance: 1,444 km
(*) We assume that both lorries have the same weight when they are free of goods.
Table 8.4: Belgian scenarios
Scenario 1

Total Xylets
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Taking into account that the annual biomass supply to be covered is 315 tons/year, it is
calculated the annual costs associated to the purchase of fuel as well as the amount of CO2
produced in each biomass chain (see Table 7.5).

Scenarios

Supplier

€/ton
(with vat and
transport)

Scenario
1

Total
Xylets

222.60

Scenario
2

Girretz
Pierre

Quality

Pellets ENPlus

Supply conditions

Pneumatic
truck

Distance: 32
km

Pellets DIN
Pneumatic
Distance: 38
Plus
truck
km
EN +A1
Table 8.5: Economic and environmental impacts in Belgian scenarios
248.04

Truck 29
Tons
(45 m³)
Truck 17
Tons
(26 m³)

As it can be observed, the difference of 26 c€/kg in the cost of biomass supposes a difference
of 8,000 €/year. Concerning the CO2, the difference of 6 km among two suppliers means 400
kg CO2 additional per year.
Spanish biomass supply
In this case, we analyse the effect of transport chips and pellets in order to evaluate the
economic and environment impacts of each option. We will focus in comparing both fuels
since there is not any restriction with storage space or in their use in the boiler, so that any
option is possible.
For the study, we consider the prices provided by Avebiom which takes into account same
transport conditions (transport distance of 100 km). However, four scenarios are created
because the different energy density of fuels and the difference in the truck capacity
conditions the number of truck deliveries.
For the truck capacity, we reflect which literature says in Table 8.6. For the annual biomass
consumption in Spanish building, we consider 206 ton of chips and 149 ton of pellets
(consumption estimated for cover the energy demand).

Scenarios

Type of
biomass

Scenario 1

Pellets

Scenario 2

Pellets

Scenario 3

Chips

Scenario 4

Chips

Pneumatic
truck
Supply conditions
capacity
3
20 m
Price: 253 €/ton (VAT included and supply at a distance
13 ton
of 100 km)
3
Energy density pellet: 0.65 kg/l
25 m
Heating value: 17.1 MJ/kg
16 ton
3
20 m
Price: 106.58 €/ton (VAT included and supply at a
4 ton
distance of 100 km)
3
Energy density chip: 0.2 kg/l.
40 m
Heating value: 12.4 MJ/kg
8 ton
Table 8.6: Spanish scenarios
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Table 7.7 identifies the economic and environmental impacts in Spanish scenarios.
Scenarios

Delivery conditions
Annual cost
CO2 emissions (*)
Pellets
Scenario 1
12 deliveries. 13 ton
3,369 kg CO2
Annual distance: 2,400 km
37,697 €
Pellets
Scenario 2
10 deliveries. 16 ton
3,456 kg CO2
Annual distance: 2,000 km
Chips
Scenario 3
52 deliveries. 4 ton
4,492 kg CO2
Annual distance: 10,400 km
15,880 €
Chips
Scenario 4
26 deliveries. 8 ton
4,492 kg CO2
Annual distance: 5,200 km
(*) We assume that all lorries have the same weight in order transport was the only
influence factor.
Table 8.7: Economic and environmental impacts in Spanish scenarios

As it can be observed, the difference of 15 c€/kg in the cost of biomass supposes an overcost
of 21,820 €/year. Concerning the CO2 emissions, the less energy density of chips implies a
larger number of truck deliveries. Thus, a truck with 20 m3 can load 13 ton of pellets but only 4
ton of chips, which means 1,123 kg CO2 additional per year due to the higher number of
deliveries needed to meet the biomass demand of building. If capacity of truck increases in 3
additional tons, the annual reduction of CO2 is near 100 kg. This study could be done again
when final suppliers are known and therefore the real delivery conditions as well as to include
in the analysis the production of CO2 during the periods of load and unloading.

8.1.4 Profitability of biomass facilities with respect fossil fuels costs.
Biomass is considered a profitable option since its cost is usually less that other fuels.
Furthermore, biomass leads to other economic benefits such as new jobs and improved energy
security through reducing need for foreign fuel import.
However, despite its economic benefits, the feasibility of a biomass facility requires of an
analysis of the cost advantages for long terms in order to avoid taking wrong decisions in case
it is considered only the price of the energy in a short period given the variability of the fossil
fuel prices and biomass, although this is in minor degree. This section will tackle with a
comparison of fuel prices along the time in several European scenarios and an evaluation of
the energy cost in two different periods which confirm the need of such long period analysis.
Evolution of several fuel prices in different countries during last years is represented in
following figures 7.9-7.12 where it can appreciate the higher prices of fossil fuels in all the
cases. On the other hand, as it can be observed, pellets price is really stable among years with
peaks in certain seasons, associated to colder winter or a rapid increasing demand as well as
by the seasonality of the biomass production. Contrary occurs with oil products where prices
vary in a significant way among years.
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This trend is followed in countries with biomass mature markets (Austria, Denmark) and nonwell established market (Belgium and Spain). Also, biomass price is stable in those countries
whose main use is the electrical (Belgium and Demark) but also for those focused in thermal
production (Austria, Spain). Nevertheless, it exists a lack of knowledge concerning how wood
markets function and the effects that can produce oil prices and the entrance of new wood
raw materials on biomass fuel prices given the biomass market is at early phase.

Figure 8-9: Average annual prices: The case of Austria
Source [51]

Figure 8-10: Average annual prices for fuels: The case of Netherland
Source [52]
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Black: Oil; Grey: Gas; Red: Pellet bag; Red discontinues stripes: Bulk pellet; Blue: Briquettes
Dark green: Log, Light green: chips

Figure 8-11: Average annual prices for fuels: The case of Belgium
Source [24]

Figure 8-12: Average annual prices for fuels: The case of Spain
Source [53]

On the other hand, in order to support the market opportunity of biomass, it is presented a
pre-feasibility study for the case of Spanish democase in which a boiler of 500 kWt will be
installed. An evaluation of the yearly costs for different types of fuels (fossil fuels and biomass)
is carried out for year 2013 and 2014 in order to reflect the fluctuations in petroleum products
in the economic savings given a significant decrease in the fossil fuel prices in year 2014 and a
rising of pellet prices for year 2013.
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Data for calculation:
Biomass consumption estimated for covering the energy demand: 206 ton of chips and 149 ton
of pellets.
Energy demand of building: 703,280 kWh.
Fossil and biomass fuel prices for annualities 2013 and 2014: Table 7.8 and Table 7.9
Fossil and biomass fuel low heating values: Table 7.9.

Pellets in bulk
st

Pneumatic
delivery

Tipper delivery

1 quarter
nd
2 quarter
rd
3 quarter
th
4 quarter
st
1 quarter
nd
2 quarter
rd
3 quarter
th
4 quarter

2013

2014

€/ton
c€/kWh
231.99
4.92
233.88
4.96
251.60
5.35
260.91
5.55
230.58
4.91
232.47
4.95
250.19
5.32
259.51
5.52
1.39 c€/kWh *

€/ton
c€/kWh
254.6
5.39
252.91
5.36
254.39
5.39
252.11
5.34
253.28
5.37
251.6
5.33
247
5.23
263.67
5.59
2.86 c€/kWh **

Chips
*Price does not include VAT or transport
** Price includes VAT and a transport of 100 km
Table 8.8: Biomass fuel prices
Source [1]
Year 2013
Natural gas *
(Price established
by each energy
supplier
without
VAT)
LPG
(with VAT)

Year 2014

Offer 1: Variable rate : 4.11 c€/kWh
Fix rate: 76.92 €/month
--Offer 2: Variable rate : 4.5 c€/kWh
Fix rate: 80.97 €/month
st
7.71 c€/kWh (1 quarter)
st

8.12 c€/kWh (1 quarter)

rd

quarter)

rd

quarter)

7.64 c€/kWh (3
6.63 c€/kWh (4

st

8.18 c€/kWh (1 quarter)
Oil fuel
(with VAT)

st

8.71 c€/kWh (1 quarter)

rd

8.09 c€/kWh (3 quarter)
6.76 c€/kWh (4

th

quarter)

* Building does not meet the characteristics for the application of a regulated tariff.
Table 8.9: Fossil fuel prices
Source [54, 55, 56]

The cost assigned to the fuel purchase for periodic selected (2013 and 2014) is shown in
following table 7.10. Some conclusions of the analysis done are mentioned below.
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Annual cost
(2013)

Annual cost
(2014)

34,566
34,848
37,647
39,041
34,502
34,785
37,436
38,831
9,775 € *

37,906
37,695
37,906
37,555
37,766
37,484
36,781
39,313
20,113 €
54,222
53,730
46,627
57,528
56,895
47,541
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Pellets in bulk
st

Pneumatic
delivery

Tipper
delivery

1 quarter
nd
2 quarter
rd
3 quarter
th
4 quarter
st
1 quarter
nd
2 quarter
rd
3 quarter
th
4 quarter

Chips
st

LPG

Oil fuel

Natural gas

1 quarter
rd
3 quarter
th
4 quarter
st
1 quarter
rd
3 quarter
th
4 quarter

57,106

61,255
Without VAT
Offer 1: 29,827 €
Offer 2: 32,618 €
With VAT
Offer 1: 36,090 €
Offer 2: 39,467 €

*Without transport or VAT
Table 8.10: Annual cost with different fuels



The most profitable fuels are chips for both analysis, on contrary the more expensive
fuel corresponds with oil fuel, not being this the fuel with better energy properties but
not LPG.



Fossil fuel price fluctuations can produce an approximation to pellet prices, but in any
case it is reached by LPG or oil fuel. In the case of natural gas, offers given by
companies make this fuel very competitive becoming, according to this information
compiled, more profitable than pellets in some periods (see table 7.10). Taking into
account the offers found in internet (date is unknown), pellets costs would higher in
whole year 2014 and in a part of annuality 2013 when comparison are made with the
better offer of natural gas.



Fluctuations in the fuel prices can influence in the payback return of investment made
in a biomass facility, identifying a large range of profitability when fuel price
comparisons are done. Thus, since 2014 is characterized by a constant decrease of oil
prices, the economic savings to be obtained by the Spanish demosite in case a biomass
facility was working would have been 8,228 € for oil and 7,314 € for LPG in the case of
more favorable situation for petroleum products and less favorable situation for
pellets. However, if we consider the worst condition for fossil fuels (year 2013) and the
best situation for pellets in the same year, the additional cost would be 22,540 € and
26,699 € for LPG and oil with respect biomass, respectively.
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The impact of fossil fuels price into biomass prices is not well-known but it is expected
that the decrease of prices in later years could reduce wood prices since petroleum is
used in the process of producing and delivery wood fuels. However, as it is seen in the

above data, it does not exist any connection between both fuel prices and biomass
cost seem be more related with availability of wood raw material and biomass product
in the market.


Finally, due to seasonal price peaks of biomass, it is desirable to acquire the fuel in the
suitable moment since the savings could be around 4,400 €. Estimations done for year
2013 when comparing first and fourth quarter.

This analysis made can be considered as rough estimations and a more detail study must
be done for knowing the profitability of a biomass boiler. In fact, this analysis only takes
into account the cost of fuel, avoiding entry in details for other items. Moreover, the
numbers correspond with average data provided by the Biomass Association: AVEBIOM.
However, as it was mentioned in section 2, biomass prices differ between suppliers due to
quality and transport parameters. A good supply contract agreement can ensure the
profitability of the biomass plant, whose cost is always higher than fossil fuel facilities.
Nevertheless, with the lower cost of wood fuel, the investment is recovered in the few
years. Depending on the price evolution of fossil fuel, the payback can vary. Until recent
years, the feasibility studies always took into account a constant rise in the fossil fuel
prices, however, at this moment, it exists an unusual situation in which fossil fuels are
lower that predictions foreseen. ROI will be calculated in other deliverable since this
section only intended to show the importance of analyze the long effect of prices.

On the other hand, a comparison among energy content and cost is done in order to
provide the equivalence between different fuels.

LHV
Pellets (pneumatic delivery)
Chips
Natural gas
LPG
Oil fuel

4.72 kWh/kg
3.33 kWh/kg
12.772 kWh/kg
12.89 kWh/kg
9.99 kWh/kg

Table 8.11: Fossil and biomass fuel low heating values

.
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9 Conclusions
This report has made an overview of technical possibilities, described the demo sites
requirements, and defined the most appropriate biomass combustion plant for the specific
case of Belgian and Spanish demonstrators. The final biomass plants will be selected through
public tender procedures but should be aligned with the restrictions indicated in this
deliverable in order to contribute with the BRICKER system success.
In the case of Belgian plant a 1,500 kW boiler should be installed, fed with pellets and located
in a specific technical room inside the demo building. This technical room should be specially
conditioned for installing BRICKER system while new walls and new doors would be built, the
ceiling would be modified to give fire-resistant in accordance with fire requirements, and a
new chimney must be built and will be specifically dedicated for the biomass boiler. The pellets
will be storage in three 25 m3 external silos that will be charge pneumatically from the delivery
truck and sent through the boiler also pneumatically. These silos must be installed on concrete
pedestal right behind the external wall of the new technical room. The boiler will use the oil
Therminol Sp as thermal fluid, and will have automatic ash cleaning and extraction system.
For Spanish combustion plant a 500 kW boiler should be installed, fed with wood chips (but
with the possibility of using other biomass type as olive kernel or pellet) and located in a new
building specially constructed for this use. The biomass storage will consist in a semi
underground silo fed from discharge of the tripper truck into a hopper and connected to the
boiler through mechanical screw. The boiler will have burner grate type, use the oil Therminol
Sp as thermal fluid, and will have automatic ash cleaning and extraction system.
For both buildings, it has identified potential biomass suppliers. At the moment of selection,
not only economic criteria must be taking into account but also the proximity to the demosite
due to the environment impact produced by truck delivery.
Any problem is expected in the combustion plant due to the wood origin of the fuel. However,
since Spanish boiler admits fuels which can damage equipments, some strategies for the
management of ashes have been analyzed (e.g use of additives, biomass mixture doses).
Furthermore, equipments which allow to meet the normative limits of emissions (VOC and
particles) have been depicted in order to be considered in the tender.
On the other hand, the removal of ashes must be hired. Nevertheless, owners should take in
mind that some economic benefits could be gained in the future once technical and normative
restrictions allow the use of biomass ashes as fertilizer and/or building material.
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Annex I: SPECIMEN CONTRACT FOR THE SUPPLY OF HEAT
ENERGY FROM BIOMASS
Contract between <SUPPLIER> and <END USER> for the supply of heat energy derived from
biomass to <SITE>.
Preamble:

a. <SUPPLIER COMPANY NAME> is the private/public company, whose registered office is at
<ADDRESS>, Company Number XXXX, hereinafter referred to as “the supplier”;
b. <END USER NAME> is the private/public company whose registered office is at
<ADDRESS>, Company Number XXXX, hereinafter referred to as “the end user”;
c. <<ADDRESS> is the site (owned and) operated by the end user where the delivery by the
supplier of heat energy derived from biomass is required, hereinafter referred to as “the
site”.
1.

Contract

1.1.

The supplier agrees to supply to the end user and the end user agrees to purchase
from the supplier heat energy generated from biomass to the specifications, for the
period, at the price, and on the terms and conditions set out below.

1.2

For the purpose of maintaining control over the necessary quality, the end user agrees
neither to purchase nor use biomass from any other source or supplier except where
the supplier is unable to provide deliveries or meet biomass specification
requirements.

2.

Biomass specification

2.1

Moisture content. The target moisture content on a wet basis shall be XX% by weight
based on the [relevant standards] [see guidance notes] but in any event shall not
exceed XX%.

2.2

Contaminants such as soil or stones, metal and plastics should be less than 2% by
weight of the total biomass load.

2.3

The biomass particle size shall comply with the [relevant standards].

3.

Duration of contract

3.1

This contract is for a period of <XX> and will commence on <DATE> and end on
<DATE>, (with a formal review after the first six months of the contract and then
annually to assess the need for any adjustments to the contract). Any adjustments
need to be agreed jointly between the end user and supplier. If the supplier or end
user cannot agree or meet adjustments, each party should be able to terminate after 3
months if it wishes to.

3.2

This contract may be extended by agreement of both parties not less than three
months before the end of the original contract period.
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In the event of either party failing to meet their contractual obligations under this
agreement the other party has the right to terminate the contract at three months
notice unless such breach of contract is remedied by the defaulting party to the
reasonable satisfaction of the non-defaulting party. If any material breach is
committed by either party which, in the reasonable opinion of the non-defaulting
party, can not be remedied within 10 working days the non-defaulting party may
terminate this agreement immediately by way of written notice.
Quantity
The minimum heat off-take during the defined contract period will be XX megawatt
hours (MWh), equivalent to the predicted annual heat demand of the site normalised
against relevant regional degree day data. The end user is required to purchase heat
energy based on the predicted annual demand and at the tariff specified in clause 5.1,
unless the supplier is unable to supply the relevant quantity of biomass necessary to
generate said heat demand for reasons other than a failure of the end user to maintain
the operational functioning of the boiler or to be able to accept deliveries. The supplier
shall not be obliged to provide biomass in excess of the amount required to provide
the minimum heat off-take.

5.

Price

5.1

The price for heat delivered to the end user will be based upon the following tariff(s)
up until <DATE OF ANNUAL REVIEW (See Clause 5.2)>:

€X/MWh per unit of heat used with minimum total off-take;

€X/MWh standing charge / administrative charge on a monthly basis;

€X/MWh operational charge, to account for variations in operating efficiency.

5.2

Optional clause [see guidance notes] (delete as appropriate): An additional
management fee for the operation and maintenance of the biomass boiler and
ancillary equipment (such as heat exchangers, distribution pumps, fuel feed
mechanisms) at a cost of £XX/MWh maximum capacity of the boiler per annum is
applicable.

5.3

The price of heat will be upgraded annually [see guidance notes] and increased in
<MONTH> each year by such additional amount as agreed with the end user and in
accordance with Clause 3.

6.

Delivery of biomass

6.1

Biomass will be supplied in bagged/baled/loose form [delete as appropriate] and
delivered to the end user by a suitable vehicle for delivery into the end user’s fuel
store.

6.2

A risk assessment and method statement shall be prepared no later than 5 working
days prior to the first delivery date under this contract following an initial site visit and
discussion with the end user, to take account of the hazards on site and the risks posed
to pedestrians, vehicles and property on the site during biomass delivery and
offloading. This shall be formally reviewed annually, or whenever a change to the
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hazards and risks on site are identified. The supplier will not be liable for any delay or
loss incurred by the end user as a direct result of the end user failing to comply with
any recommendations in the risk assessment and method statement.
6.3

On the dispatch of any consignment of biomass, the supplier shall send a Delivery Note
and a Fuel Quality Declaration to the end user by electronic mail or facsimile. A paper
copy of the Delivery Note shall be provided to the end user at the site(s) with the
delivery of each consignment.

6.4

The notice period requesting delivery of biomass from the end user will be a minimum
of XX days.

6.5

In the event of the requirement for a delivery at less than the notice period in clause
6.4 an additional fee of £XX will be payable to cover the costs of an emergency
delivery. For the avoidance of doubt the supplier will not be obliged to comply with
any requirement for a delivery where the notice period is less than that in clause 6.4.

6.6

Responsibility for checking levels of biomass within the fuel store and informing the
supplier of the need for a biomass delivery rests with the supplier/end user (delete as
appropriate).

6.7

Unless otherwise agreed in advance with the buyer, deliveries shall be made between
the hours of XX.00 and YY.00, or any other time agreed with the end user in advance
between Monday and XXXday.

6.8

If a delivery cannot be made within the hours specified in the order and the whole or
part of the delivery is not possible due to obstructions on the end user’s site that are
beyond the control of the supplier, the supplier will be entitled to compensation to
cover the cost of transport and payment of an additional surcharge of XX% of the
predicted heat output of the biomass ordered, unless the end user informs the
supplier of said obstruction within the notice period specified in Clause 6.4 above.

6.9

Upon delivery of the biomass to the end user, visual checks shall be made by the end
user to ensure conformity to the agreed specification (see Clause 7, Sampling).

6.10

If visual checks reveal that the biomass does not conform to the agreed specification
the end user reserves the right to reject the load in full. In the event that it is not
possible to visually check the biomass load until it is in the fuel silo, then the end user
reserves the right to reject the biomass within 24 hours of delivery. If rejection occurs,
the supplier is obliged at his expense to provide replacement biomass as soon as
possible in order to ensure the continuous operation of the boiler.

6.11

The supplier shall be responsible for immediately clearing up any biomass spilt during
offloading and shall provide suitable tools for this job.

6.12

The biomass shall remain at the risk of the supplier until the delivery is fully discharged
to the site storage facilities, when ownership of the biomass shall pass to the end user.

6.13

Upon transfer of ownership of the biomass to the end user, the end user becomes
responsible for ensuring that the biomass is maintained within appropriate
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environmental parameters so as to not compromise the net calorific value, and
therefore the heat output, of the biomass. The supplier shall not be liable for any loss
or damage to the biomass where the end user has failed to comply with this clause
6.13.
6.14

7.
7.1

The supplier undertakes that all biomass provided under the terms of this agreement
shall be from [insert details of source]. [Clause 6.14 is only required where source of
fuel is of importance]
Sampling
The end user may at any time send representative samples of biomass for evaluation,
analysis, testing and approval. All samples must meet the specification. Such tests are
to be at the end user’s expense.

7.2

The strategy for maintaining the original quality of the biomass is the responsibility
the end user.

8.

Heat output

of

8.1

The installation and effective operation of an appropriate heat meter to record heat
output from the boiler is the responsibility of the end user (unless clause 5.2 has been
included within the contractual agreement, in which case responsibility rests with the
supplier).

8.2

The maintenance of daily logs of heat output are required of the end user, and these
are to be submitted to the supplier in an agreed format (hard copy and/or electronic)
on the XX day of each month for invoicing purposes unless such data is captured
remotely by telemetry, in which case the telemetry records shall be provided to the
supplier by the end user.

8.3

In the event of a dispute over the heat output recorded by the end user, the supplier is
at liberty to request independent validation of the heat output data (including the
right to test the heat meter), and any dispute shall be treated in accordance with
clause 11.

8.4

Regular ash removal and disposal in accordance with the boiler manufacturer’s
recommended operating and servicing schedule is the responsibility of the end user in
order to ensure cleanliness of the heat transfer surfaces and therefore optimum
operation of the boiler and unless the supplier has also been contractually assigned
responsibility for maintenance of the boiler and ancillary plant the supplier shall not be
responsible for any loss, damage or reduced heat supply resulting from the end user's
failure to comply with this clause.

8.5

Maintenance of the boiler and ancillary equipment in accordance with the
manufacturer’s recommended maintenance schedule is the sole responsibility of the
end user (unless clause 5.2 has been included within the contractual agreement, in
which case responsibility rests with the supplier).
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8.6

Boiler outage or operational problems that are a direct result of sub-standard
maintenance, boiler misuse/neglect or boiler defects are not the responsibility of the
supplier. In this instance, any cost that is incurred by the supplier as a result of not
being able to supply heat will be charged to the end user, subject to the tariff structure
identified in clause 5.

8.7

If as a result of the supplier’s inability to provide biomass the end user is obliged to
operate a fossil fuel fired standby system, the supplier will pay for the standby system
energy output until such time as the biomass boiler can be supplied with fuel. Should
the end user not have a standby system, the supplier will also arrange the hire of
temporary heating equipment at his expense.

9.

Terms of payment

9.1

The supplier will invoice the end user on a monthly basis on the XX day of each month
based upon the tariff structure identified in Clause 5.

9.2

Terms are monthly payment at XX days from date of invoice.

9.3

In the event that any payments are overdue the supplier has the right to refuse to
make further supplies until all outstanding overdue invoices have been settled.

9.4

Interest shall be payable on amounts overdue at the daily published Bank of England
base rate plus 2%.

10.

Additional clauses

10.1

The supplier will indemnify the end user against any damage to fuel handling and
combustion equipment caused by the supplier or supply of woodchip not in
accordance with the specification set out in clause 2.1, 2.2 and 2.3.

10.2

The supplier will have public liability insurance of £5,000,000/10,000,000 [see
guidance notes].

10.3

The supplier’s liability under this Agreement (including under any indemnity) shall be
limited to [see guidance notes].

11.

In the event of a dispute

11.1

In the event of a dispute over delivery, fuel quality or other issues, both parties will
seek resolution by consultation and discussion. Initially the party who wishes to bring
the dispute to the notice of the other will do so in writing. The other party will respond
to this in writing within 5 working days of receiving the notification of a potential
dispute. Where the potential dispute relates to on-site issues at either the end-user or
supplier sites, a joint site meeting will normally take place within 8 working days of the
potential dispute being brought to the other party’s attention.

11.2

Where a resolution has been agreed after one or more meetings, including a site
meeting (if appropriate), this shall be communicated in writing and noted by both
parties.
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Where a resolution cannot be agreed after several attempts, the parties will attempt
to settle it by mediation in accordance with the Centre for Effective Dispute Resolution
(CEDR) Model Mediation Procedure. Unless otherwise agreed between the parties, the
mediator will be nominated by CEDR.
Force Majeure
A party, provided that it has complied with the provisions of clause 12.3, shall not be in
breach of this agreement, nor liable for any failure or delay in performance of any
obligations under this agreement (and, subject to clause 12.4, the time for
performance of the obligations shall be extended accordingly) arising from or
attributable to acts, events, omissions or accidents beyond its reasonable control
(Force Majeure Event), including but not limited to any of the following:
(a) Acts of God, including but not limited to fire, flood, earthquake, windstorm or other
natural disaster;
(b) war, threat of or preparation for war, armed conflict, imposition of sanctions,
embargo, breaking off of diplomatic relations or similar actions;
(e) compliance with any law;
(f) fire, explosion or accidental damage;
(h) extreme adverse weather conditions;
(i) collapse of building structures, failure of plant machinery, machinery, computers or
vehicles;
(j) any labour dispute, including but not limited to strikes, industrial action or lockouts;
(k) non-performance by suppliers or subcontractors (other than by companies in the
same group as the party seeking to rely on this clause); and
(l) interruption or failure of utility service, including but not limited to electric power,
gas or water.

12.2

The corresponding obligations of the other party will be suspended to the same extent
as those of the party first affected by the Force Majeure Event.

12.3

Any party that is subject to a Force Majeure Event shall not be in breach of this
agreement provided that:
(a) it promptly notifies the other parties in writing of the nature and extent of the
Force Majeure Event causing its failure or delay in performance; and
(b) it could not have avoided the effect of the Force Majeure Event by taking
precautions which, having regard to all the matters known to it before the Force
Majeure Event, it ought reasonably to have taken, but did not; and
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(c) it has used all reasonable endeavours to mitigate the effect of the Force Majeure
Event to carry out its obligations under this agreement in any way that is reasonably
practicable and to resume the performance of its obligations as soon as reasonably
possible.
12.4

13.

If the Force Majeure Event prevails for a continuous period of more than six months,
any party may terminate this agreement by giving 14 days' written notice to all the
other parties. On the expiry of this notice period, this agreement will terminate. Such
termination shall be without prejudice to the rights of the parties in respect of any
breach of this agreement occurring prior to such termination.
Third party rights
A person who is not a party to this agreement shall not have any rights under or in
connection with it.

14.

Governing law and jurisdiction

14.1

This agreement and any dispute or claim arising out of or in connection with it or its
subject matter shall be governed by and construed in accordance with the law of
England and Wales.

14.2

The parties irrevocably agree that the courts of England and Wales shall have exclusive
jurisdiction to settle any dispute or claim that arises out of or in connection with this
agreement or its subject matter.

Agreed this <DATE>

Name………………………………………….

Position ………………………

(On behalf of <END USER>)

Name…………………………………………

Position………………………. (On behalf of <SUPPLIER> )
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