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FUEL SUPPLY CHAIN FOR STRAW-FIRED POWER PLANTS

Introduction
The fuel storage capacity of a biomass-fired power plant will typically be sufficient for 2 – 4 days of operation only. Securing an uninterrupted fuel supply to the plant is therefore crucial for the operation of
the plant and for the feasibility of the investment.
Many plants are wood-fired. Wood can be collected from the forests almost all year round and there is a
well-established international market for wood, hence the procedures for securing the fuel to wood-fired
plants are generally well-known.
The considerations and procedures for securing the fuel for straw-fired plants are different and not so
well-known.
Straw is a byproduct from the agricultural production of different crops, such as wheat, barley or
maize. Straw fuel can only be collected from the fields within a short period of the year, consequently
the establishment of storage capacity for one year’s operation is needed.

The supply chain - From field to power plant
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This brochure describes the general aspects of the straw supply chain and is intended as a general introduction to the subject.
The focal point of this brochure is on straw from cereals (wheat, barley, rye, oats etc.), but the methods
and considerations are similar for other types of baled fuel, such as rape, maize and mischantus.
2

FUEL SUPPLY CHAIN FOR STRAW-FIRED POWER PLANTS

Capture area for straw
The amount of straw that can be collected per Ha of fields varies depending on the climate, quality of
the land and other factors. Normally, the straw yield is from 3 - 8 ton per Ha.
Considerable amounts of straw are used by a straw-fired power plant, therefore the straw is to be
collected from large areas of land. To minimize the costs of supply, it is a precondition that the plant is
located in an area with ample production and surplus of straw.
A 40 MWe straw-fired plant uses 28-30 ton per hour giving a yearly consumption of approximately
240,000 ton. With a straw yield of 3 ton straw/Ha this type of plant requires supply of straw from an area
of 80,000 Ha = 800 km2 of fields.
In all probability, the straw cannot be supplied from all of the area around the plant. Part of the land is
occupied by towns, forests, roads etc. and only part of the fields will grow crops giving straw waste which
can be used as fuel.
It cannot further be expected that all straw producers wish to sell their straw to the plant. Accordingly,
the straw will only be delivered from part of the capture area around the plant.
If the straw is supplied from 30% of the land around the power plant, the needed capture area is 2,700
km2 which means that straw should be gathered within a radius of 30 km.
To avoid too high transportation costs, the straw for the plant should be available within a radius of 40
km. A radius of 40 km means that the straw is to be delivered from 17% of the land around the plant, if
the yield is 3 ton/Ha.

Illustration of capture area and storages
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Power plant

Collection areas for storages
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Distance from storage to plant

Max distance
from field to storage
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Harvesting
There are no special considerations
related to the harvesting, except that
the straw should not be chopped after
harvesting.

Drying and baling
Straw must be dry when baled after the
harvest to ensure the highest possible
calorific value of the fuel. The humidity
of the straw should generally be below
15% water content when baled. Most
often the straw will be sufficiently dry
when harvested.
If the straw has become wet as a result of rainfall after harvesting, it is necessary to defer baling until the
straw has dried. This may require turning of the straw to ensue sufficient dryness before baling.
BWSC’s straw-fired power plants are designed for the use of Heston-type bales measuring approximately
2.4 x 1.2 x 1.2 m (L x W x H); however, bales having a lower height (H) can also be used.
Efficient collection of straw is achieved by using modern baling machines with large capacity.
The machine shown below is a Krone Big Pack 12130 pulled by a FENDT 386 Vario, 360 hp tractor. Similar
machines can be used.
The bales should be pressed to the
highest possible density to minimize
the handling, transportation and storage costs.
Normally, a Heston bale weighs approximately 500 kg, but it is becoming
more and more common to compress
the straw even more, thereby increasing the weight up to as much as 700
kg.
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Bale collection
Bale collection from the fields and transportation to the storages are normally carried out utilizing large
trailers loaded with telescope handlers. To ensure efficient transportation from the fields to the storages,
the trailers should have a capacity of 16-20 bales or more depending on the distance from the fields to
storages.

To ease collection, the bales can be left on the field in
groups / rows by the use of trailers holding a number of
bales until unloading. Typical capacity of a buffer trailer
is 2-3 bales.
The buffer trailer shown to the left is manufactured by
Parkland.

Other machines such as the Heath Super Chaser shown to the right can be used for loading in
the field and for unloading at the storage area.
This specialized machine loads the bales from
the fields to the carrier automatically and also
unloads at the storage area.
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Machinery for baling and collection
The required amount of machines and drivers for baling and collecting the straw from the fields depends
on a number of factors:
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•

The main factor is the time available from harvest until the land is cleared for plowing or other preparations for sowing of next year’s crops. Typically, the farmers want the fields cleared as fast as possible.
The shorter the available time is, the more machines will be needed.
Therefore there is some conflict of interest
between the wish to have a long period for
baling and collecting, thereby minimizing the
investment in machinery and, on the other
hand, the farmers’ wish to have the fields
cleared. However, the quality of unbaled straw
on the fields will slowly lower over time depending on the weather conditions. Hence, it
is also in the interest of the users of the straw
to finalize the baling and collection within a
reasonable period. A period of 4-6 weeks for
baling and collection is to be expected.

•

The climate is an important factor. The straw
must be dry when baled, and a rainy climate
lowers the number of hours per day/week
during which the balers can operate. The straw
may also become wet from dew limiting the
baling period from the dew falls at night until
it is dried away the following morning. Collection of the bales can take place regardless of
the weather as long as it is possible to drive
on the fields.

•

Together with the size of the harvester, the straw yield in ton/Ha has impact. The straw will be left in
stripes on the field by the harvester, and the higher the yield of straw per Ha and the larger the harvester is, the more straw will be measured in kg/m of straw stripe. The baling machines have a nominal capacity in ton/hour and the tractors pulling the baling machines adjust their speed to fit this
capacity. However, there is a maximum limit as to how fast it is possible to drive on the field, and if
the amount of straw in kg/m of straw stripe is too low, the full capacity of the baling machines cannot be utilized. Lowering the capacity of the baling machines in ton/hour: Low yield also means that
collection of the bales will take more driving time than if the yield is high, since the distance between
the bales on the fields will be larger.

•

Size and positioning of the fields also have an influence on the baling and collection process. The
smaller and the more scattered the fields are, the more time will be used driving between the fields
and from the fields to the storages.
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Number and position of Storages
The baled straw is collected in the fields and transported to storages, from where it is delivered to the
biomass plant. The number of storages and locations should be selected with a view to obtaining minimum total costs.
The storages should be located in areas with a high concentration of fields supplying straw and with good
road access. A high number of small storages located close to the fields brings low costs for transportation
from the fields to the storages, but requires a well-organized transportation from storages to the plant.
A small number of large storages increases the costs for transportation from the fields to the storages,
but facilitates a more efficient transportation from the storages to the plant. If the storages are located in
areas, where straw is delivered from 30% of the land, and if the maximum driving distance from the fields
to the storage is 4 km, 48 storages of 5,000 ton should be established. If the maximum driving distance
from field to storage is 2 km, approximately 192 storages of 1,250 ton should be established.

Types of Storages
The bales are stored from the time of collection in the fields until they are delivered to the power plant.
When delivered to the power plant, the straw should be in good condition with low water content and
without rot.
During the storage period it is important to protect the straw from deterioration from rain and snow and
from water/humidity from the ground. Since the straw is gathered and stored over a short period and
delivered to the power plant all year round, it is important to notice that some bales need to be stored
only for a short period whereas other bales are to be stored for up to one year.
There are several ways the straw can be stored, each type having their pros and cons. The storage types
can be divided into permanent and temporary storages. Permanent storages are expensive to establish,
but provide the best protection of the bales. Temporary storages are cheaper to establish and can be
located according to specific needs; however, they provide less protection than permanent storages.
The decision as to storage types or mix of types typically depends on:
•
•
•
•

Storage period, long versus short;
Climate, wet versus dry;
Length of delivery contract, short-term versus long-term;
Costs of the straw, high versus low.
Temporary storage solutions are recommended Permanent storage solutions are recommended
if:
if:

•
•
•
•

The climate is dry;
The storage period is short;
The contract is for a short period (a few years);
The cost of the straw is low.

•
•
•
•

The climate is wet;
The storage period is long;
The contract is for several years;
The cost of the straw is high.
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Permanent Straw Storage
• Closed barn with concrete floor, closed sides
and ventilation;
• Expensive high quality solution;
• Expected loss close to 0%.

Permanent Straw Storage
• Stacking barn with concrete floor and open
sides;
• Relatively cheap alternative to the closed barn;
• Expected loss 0-1%.

Advanced Temporary Straw Storage, Tubelike stack
•

•
•

•

The bales are placed (by a telescope lift) in
groups of 2, 5 or 7 into a wrapper and wrapped
in plastic forming a tube-like structure;
The tube, in principle, has an unlimited length;
The advantage is short transportation distance
- field to storage -, as the tubes are placed on
the field.
Expected loss up to 5%.

Simple Temporary Straw Storage, Large
Stack
•
•
•
•
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Large-scale stacks, placed on and covered with
plastic on the top;
This is the cheapest storage type, but with the
highest loss;
Stacking very easy, especially when using the
Super Chaser equipment;
Expected loss 5-10%.
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Transportation to power plant
The last step in the supply chain is the transportation from the storages to the power plant.
As a standard, BWSC´s power plants have automatic straw unloading, storage and feed systems, with
simultaneous unloading of one layer of 2 x 6 bales from a standard truck and trailer as the one shown
below.
The truck and trailer can carry a load of 2 or 3 layers of bales, i.e. 24 or 36 bales, depending on the
height of the bales and on the allowable loading height.

The transportation can take place day and night, but the typical supply time is 6 days a week with a total
reception time of approximately 66 hours per week.
Telescope handlers are used when unloading at the storages.
A 40 MWe plant consuming 240,000 ton per year equal to 4,800 ton/week should, if supplied with trucks
carrying 12 ton/load, receive 400 loads per week, equal to 6 loads per hour, if the reception time is 66
hours per week.
Sufficient loading and transportation capacity for this must be ensured to meet this demand.
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Cost - Structure for the supply of straw for biomass power plants
The costs of the collection and supply of straw to a power plant depends on agricultural conditions,
wage levels, and other factors. Some general ideas regarding the cost structure can, however, be given.
According to experience gained (Videncenter for halm og flisfyring, Videnblad 120, 01.04.1998), the time consumption per ton of straw supplied to the plant can be estimated as follows:

Operation

Time consumption

Turning of straw of fields for drying
Pressing of bales

5-7 min/ton
4-5 min/ton

Collecting and stacking

6-8 min/ton

Retrieval and transport to plant

10-12 min/tone

The cost structure for the handling of farming equipment is in Denmark estimated to be as follows:
Cost item
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Share of total cost

Wages (incl. administration and repairs)
Capital costs

50%
20%

Fuel, oils, spare parts etc.

20%

Others

10%
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Contract Terms with Straw Suppliers
To ensure both a stable and flexible fuel supply, supply contracts must be made both on a long and shortterm basis. The ratio should be 70-80% on long-term (5-10 years) and the remaining on short-term (0-1
year). Long-term contracts ensure a reasonable hedge for the basis of investment decisions on the power
plant and the supply chain machinery. Short-term contracts give the power plant the flexibility to deal
with fluctuations in the demand for fuel.
Contractual terms should as a minimum cover the following topics:
•
•
•
•
•

Names of the parties;
Supply volume;
Price;
Quality;
Delivery time.

•
•
•
•
•

Delivery location;
Contract duration;
Contracters default;
Arbitration;
Effective date.

Soil impact
The use of straw as fuel instead of ploughing it
back into the land will to some extent change the
composition of the soil on a long-term basis.
Typically, straw is either burned on the field or
ploughed down providing natural fertilization.
When straw is removed for use as a power plant
fuel, some organic material and minerals are
removed from the field.
Investigations show, that over time the organic material in the soil degrades if the straw
is constantly removed but no noticeable
impact is seen on yield.
The loss of minerals can be compensated by return of the bottom ash, a byproduct of the combustion process in the power plant. In this case,
there is no change compared to following the tradition of burning or ploughing the straw on the
fields.
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BWSC - A Reliable Energy Supplier
Burmeister & Wain Scandinavian Contractor A/S
(BWSC) is a world-leading provider of turnkey power
plants. The plants are designed to produce combined
heat and power based on a wide variety of advanced
technologies using biomass, biogas and traditional
fuels.
We develop, supply, operate and maintain plants
according to the client’s individual needs and fully
compliant with international environmental requirements.
Within the last three decades, BWSC has supplied
more than 160 power plants to over 50 countries, with
a total generating capacity in excess of 3,000 MW,
often under very challenging circumstances in remote
corners of the world.
Furthermore, BWSC has entered long-term technical
support and Operation & Maintenance agreements covering plant capacities of above 700 MW.
Throughout the years, BWSC has established lasting
relationships with our clients ensuring mutual respect,
trust and competence to set new standards based on
professionalism and uncompromising quality.

Burmeister & Wain Scandinavian Contractor A/S
07/2011
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