STRAW TO ENERGY
Status, Technologies and
Innovation

Straw as a Source of Energy
Only a few decades ago, straw was considered to be a prob-

grey, is far less aggressive than yellow straw, which only has
been exposed to a limited amount of rain.

lem waste product, which should be disposed of as quickly
as possible. The part of the straw that could not be used
for feed and bedding was typically burnt on the fields after

The ash content can vary between 2-10%, although the
average is 4%. Straw from crops that have been cultivated
on sandy soil normally has the lowest content of ash, while
straw from lowland soils usually has the highest ash content.
The heating value is highest with the lowest ash content, so
it can be an advantage to use straw from sandy soil for heating purposes.

harvest. However, in 1991, field burning became illegal, and
since then there has been a greater focus on using straw for
energy purposes.
The biggest advantage of using straw in the energy sector
is that it is a CO2 neutral fuel, which does not contribute to
an increase of the atmosphere’s content of greenhouse gasses. Today, straw is primarily used as fuel at individual farm
plants, at district heating plants and in large power plants,

The ash from straw burning can become viscid already at 600

but in the future, straw will probably also be used for pro-

high steam temperature is envisaged in order to obtain high

duction of gas and bioethanol. DONG Energy has spent a
considerable amount of money on developing new technol-

electricity efficiency. New boiler types and better steel alloys
have reduced the problem over time, but power plants still

ogies for energy production from straw, and has established

consider straw as a more troublesome fuel than wood.

degrees, and this is important for the power plants, where a

a pilot plant for production of bioethanol, and is currently
working on a plant for thermal gasification of straw. The ad-

RESOURCES

vantage of converting straw to gas is that it provides better opportunities for utilising the fuel at existing coal boiler

Over the years, a number of analyses have been completed
concerning the available straw resources in Denmark as well
as abroad. Even though there can be great differences in the

plants.

STRAW AS FUEL

individual studies, the general consensus is that resources are
far greater than current consumption.

Straw normally contains 14-20% water, which vaporises during combustion. The dry matter contains of about 50% Carbon, 6% Hydrogen, 42% Oxygen as well as small amounts of

However, handling and transport of straw can be very expen-

Nitrogen, Sulphur, Silicium, Alkali, Chloride and other.
When straw is used as fuel, the water content must not ex-

sive, so even though resources are plentiful, there may not be
an economical benefit from utilising the straw. While energy
wood today has become an international commodity, straw

ceed 20%. If the water content is higher, there is a risk that
the bales of straw become too hard and compact. Similarly,
a high water content increases the risk of formation of con-

is still primarily traded locally. In principle nothing prevents
straw pellets from being sold across borders; it just has not
happened yet.

densation and corrosion.
The presence of Chlorine and Alkali in the flue gas can be
a problem at combustion, leading to the development of
Sodium Chloride and Potassium Chloride, which are highly
aggressive and cause corrosion in boilers and pipes – particularly at high temperatures. The aim is to use straw with
a low content of harmful matter, and here the weather plays
a significant role. Straw, which has been exposed to a lot of
rain after maturing - especially after harvest, and has turned

Parametres of importance for the fuel value of straw, wood chips and coal. Yellow straw is collected immediately after it has been harvested, while grey straw has been subjected to rain before collection.
Yellow straw

Grey straw

Wood chips

Coal

10-20%

10-20%

40-50%

12%

Ash

4%

3%

1%

12%

Carbon

42%

43%

50%

59%

Hydrogen

5%

5%

6%

4%

Oxygen

37%

38%

38%

7%

Chloride

0.75%

0.20%

0.02%

0.08%

Nitrogen

0.35%

0.41%

0.30%

1.00%

Sulphur

0.16%

0.13%

0.05%

0.80%

14.4 MJ/kg

15.0 MJ/kg

10.4 MJ/kg

25.0 MJ/kg

Water content

Heating value

Straw Handling

When using a telescope loader the bales can be stacked significantly higher than with a fork lift truck and a front loader.
The handling of straw has developed into an independent
discipline within agriculture, with heavy duty machinery primarily used by large farms and agricultural contractors. Since
the 1980’s when the big balers came on the market, agriculture has invested considerable amounts of money in baling
machines, wagons and stores in order to be able to deliver
straw to the energy sector.
After harvesting, straw lies in long rows at the ground, ready
to be baled. Most farmers want the straw removed as quickly
as possible, so they can start planting next year’s crops. However, it can be beneficial to let the straw lie on the ground for
a couple of days or weeks. If the straw is exposed to a rain
shower or two and is allowed to dry again, it becomes so
called “grey straw”, which is a better fuel, as many problematic
substances such as Chlorine and Alkaline have been washed
out. In practice, few farmers or agricultural contractors make
use of this method, as heating and power plants do not have
a differentiated price for straw, and pay based on weight and
water content.

Telescope loaders, on the other hand, have a greater
lifting capacity and can reach further so that the bales of
straw can be stacked high, which reduces storage costs.
Telescope load- ers are therefore becoming more and more
widespread. The mini-loader is not quite as common, but is
very fl exible and can be used in tight locations.
The work load is biggest when loading with a front
loader and smallest when using a tractor shovel
and telescope loader, as they are always able to load
two
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tractor shovel and loading with a front loader.
As shown in figure 1, it almost takes the same
time to unload with a crane, as with a forklift
truck, however, in relation to the latter, time
must be ascribed to weighing and analysis of the
water content, which makes
consumption

about

the

total

time

50% higher. In addition,

extra time must be spent if the storage room is
The straw yield is typically about three tons per hectare,
but it depends of course on the crop, the yield level and the

going to be completely filled.

weather.

BUY A SMALL BOILER

TYPE OF BALES

Many people are tempted to buy a straw boiler that is larger
than needed. This is not a good idea, however, and often leads
to a poor heating economy and bad environmental impact.
The right choice is a boiler, which is slightly too small to cover
the heating needs on the very coldest days. A straw boiler is
most efficient with a full load, and therefore, the larger the
boiler is, the greater is the risk that it will operate with partial
loads for most of the year.

Today, power plants and district heating plants almost entirely use big bales, also known as Hesston bales. Small bales,
round bales and mini big bales are primarily used for farm
plants and for the farms that use straw for fodder and bedding.
Big bales measure about 125 x 240 cm, and the weight is
typically slightly over half a ton. The length of the bales can
however be regulated from 110 to 275 cm, but for the sake
of highway transport a length of 240 cm is the most suitable.

HANDLING
When loading straw, a front loader, excavator, tractor shovel,
telescope loader or a mini loader is used. In principle, there is
a not a big difference between the first three types, which are
all based on a front installed loading system.

The optimal boiler size will typically be about 75% of the need
on the coldest day. In the few periods of the year, where the
straw boiler cannot cover the consumption, an oil-fired boiler
or electric heating can supplement it.

Manually fired plants should always be equipped with a storage tank, so that the heat does not necessarily have to be
used at the same speed as it is produced. Especially in summer, where heat consumption is low, a storage tank can help
to secure a sensible combustion. The storage tank is often a
separate tank, which is placed on top of the boiler, but it can
also be a complete unit with a boiler and storage tank. The
tank normally ought to contain 60-80 litres of water for each
kg straw the boiler room can contain.
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Figure 1. Time consumption for loading and unloading straw. When unloading with a forklift, extra time must be spent on weighing and
analysing the water content in the straw. Additionally, time must be spent on moving the bales if the stockroom is going to be completely
filled. Source: Centre for Biomass Technology.
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Figure 2. Efficiency for manual and automatic fired straw boilers in the period 1980-1998, where regular tests
were conducted by Danish Agricultural Research Centre, Bygholm. Source: Danish Agricultural Research Centre.
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Figure 3. The emission of carbon monoxide for manual and automatic fired straw boilers in the period 19801998 when regular tests were conducted by Danish Agricultural Research Institute, Bygholm. If there is a lot of
carbon monoxide in the smoke, then there are almost certainly other harmful substances, which can bother
residents and the closest neighbours.

