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Foreword
Much recent debate has focused on the increasing emissions of car-
bon dioxide from energy generation and transportation. The recent
ratification of the Kyoto Protocol by Russia has brought into action the
agreement to reduce emissions by 5.2% by 2012. The EU contribution
to this global target is an 8% reduction, to be achieved through an
emissions burden sharing arrangement. As Ireland was forecast to
undergo significant economic development from its 1990 base, our
part of this burden was actually a 13% increase in emissions. How-
ever, as we now know the Irish economic boom has surpassed all ex-
pectations, resulting in this target being extremely difficult to achieve.

The promotion of renewable energy is a central part of the Govern-
ment’s Climate Change Strategy and to this end significant successes
have been achieved in electricity generation from wind and biogas. At
the Department of Agriculture and Food we are determined that the full
potential of wood biomass as a sustainable source of renewable en-
ergy will be realised. Analysis by COFORD, who operate under the
aegis of my Department, has shown that wood biomass will have the
potential to displace over 300,000 tonnes of oil by 2010, with corre-
sponding reductions in CO2 emissions. In addition to the environmental
benefits, the greater utilisation of wood biomass can improve the secu-
rity of supply of our domestic energy needs - a significant benefit given
the price instability of oil at present.

Currently, Ireland has 10% forest cover but the Government has in
place a strategic plan to reach 17% by 2030. While the primary prod-
ucts from this expanding resource will continue to be sawn timber and
panelboard products, it will also provide large amounts of wood bio-
mass to the energy sector.

I acknowledge the initiative taken by COFORD under the guidance of
its Chairman, Mr David Nevins, to champion the development of a
wood biomass sector in Ireland. This publication is the latest of a num-
ber of undertakings by COFORD over the last few years, which have
brought the potential of wood biomass to the fore. This sustained
programme has addressed, and overcome, knowledge and information
gaps so that the biomass resource can be maximised in the coming
years. I am confident that biomass will play a significant role in Ire-
land’s renewable energy and emissions reductions drive.

This publication builds on earlier work by a range of Danish experts on
forestry and energy from biomass. During these early years of wood
energy development in Ireland it is important that we build on the exist-
ing knowledge base among our European partners. To this end I am
pleased that COFORD has established contacts with some of the EU’s
foremost biomass experts.

Mr John Browne, T.D.

Minister of State

Department of Agriculture and Food

Mr John Browne, T.D. Minister of State

Department of Agriculture and Food.
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Preface
Oil prices fluctuations, and concerns over security of supply, along with
global warming and climate change are increasingly common news
items. Rarely in the past have so many energy related issues been
discussed and debated across so many countries and through so
many fora and media. When the price of oil passed $40 per barrel, en-
ergy experts predicted that this was a short-term peak and that normal
prices would resume before long. Now, a few years on, the same ex-
perts are predicting prices in excess of $60 per barrel. The simple fact
is that oil is a finite resource - even though new discoveries are being
made, demand is rising at a faster rate than supply. Simple supply-de-
mand economics point to only one result - ever increasing oil prices.

This could have significant implications for an import dependant island
nation such as Ireland. For this reason, along with the environmental
benefits to be gained, it is prudent for Ireland to seek to develop and
exploit our renewable energy resources. In addition to harnessing
wind for power generation, it is imperative that we optimise the use of
wood biomass as a source of both heat and power. To this end, the
development of wood biomass supply chains has been a central
theme of the COFORD programme throughout my time as COFORD
chairman. We are very pleased to have linked up with our colleagues
at SEI, particularly their Renewable Energy Information Office, to host
an annual Wood Energy conference for the last number of years. I
know that the SEI chief executive, Mr David Taylor, shares my enthusi-
asm for the potential of wood biomass.

The last few years have seen number of new wood energy develop-
ments in Ireland. In Enniskillen, Balcas have commissioned a com-
bined heat and power plant (CHP) in addition to a wood pellet produc-
tion facility. This facility will produce 50,000 tonnes of wood pellets per
annum and is sure to result in a huge increase in the number of wood
pellet stoves and boilers sold around the country. Graingers’ Sawmills
have linked up with SWS to install a CHP plant to utilise the residues
produced at their sawmill in Enniskeane, Co Cork. Many wood fired
boilers have been installed throughout the country, perhaps the most
impressive being the wood pellet boiler at Coillte’s headquarters in
Newtownmountkennedy, which shows that wood pellets can be used
to heat very large commercial premises, as well as single homes. I
fully anticipate a rapid rise in the number of such installations over the
coming years.

COFORD will continue to play a leading role in the development of the
wood energy sector in Ireland. This publication will be used as an ed-
ucational resource for professional foresters and forestry contractors
who are interested in diversifying their businesses or specialising in
wood biomass production and supply.

Mr David Nevins

Chairman, COFORD

Wood for Energy Production Page 7
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Ireland has the most favourable climate

for tree growth in Western Europe. This

is one of the factors in the Irish Govern-

ment’s continued support for an ambi-

tious afforestation programme that will

see the level of forest cover rise to 17%

by 2030 (from 1% in 1900). Figure 1

shows annual afforestation figures in Ire-

land for the past 100 years.

The primary products sought from

these predominantly coniferous forests

are sawnwood products such as con-

struction timber, packaging material and

fencing posts and rails. Approximately

50% of all roundwood harvested is con-

verted to sawnwood. The remainding

50%, in the form of co-products such as

bark, sawdust and woodchip, is used in

horticultural, particleboard and MDF

respectively.

Projections indicate that the volume

of these co-products, including pulpwood

from early thinnings in the private sector,

will increase significantly. The additional

volume can either be utilised through ca-

pacity expansion in the panelboard sec-

tor or through the development of a wood

energy market. This publication will fo-

cus on the opportunity that exist for the

conversion of this biomass to energy.

1.1 Amount of Consumption

and Resources

Wood is an important energy source all

over the world. For example, in Denmark

energy wood is available in the form of

forest chips, fuelwood, wood waste, wood

pellets, and also it is produced to a very

limited extent from willow crops in short

rotation forestry. In the light of the Irish

Government’s aim to effectively double

the size of the forest estate from 2000

levels by 2030, Ireland’s total wood fuel

resources will increase over the years.

Consumption of Energy Wood

It is estimate that the wood products sec-

tor current uses about 6 PJ of energy

from wood biomass each year. This is

mostly in the large heating plants in the

panelboard mills but also in sawmills

were residues are combusted to run

kilns. However, the potential exists to

greatly increase the amount of energy

generated from wood biomass. The fol-

1. Wood as Energy Resource

lowing section outlines briefly the theoret-

ical volumes of biomass that could be

available for energy generation.

There are principally three sources

of wood biomass:

• Direct (directly from the forest - pulp-

wood, whole tree chips, forest residues)

• Indirect (following primary processing in

sawmills co-products such as chip,

bark and sawdust are produced)

• Post-consumer (recovered wood, C&D

waste, pallets/packaging)

The amounts of these forms of biomass

available at present and in the future are

summarised in table 1.

Based on these projections we can

ascertain that Ireland can increase its

generation of energy from wood biomass

from 6PJ to over 13PJ at present and to

over 18PJ by 2010. To put this into per-

spective, 18PJ of heat energy would re-

quire the use of over 400,000 tonnes of

imported oil.

1.2 Energy Wood from

Future Afforestation

The energy wood production by future af-

forestation can be increased in propor-

tion to the energy wood production in the

existing forests by, e.g., increasing the

number of plants in proportion to normal

practice, and by using nurse trees. An in-

crease in yield should not be at the ex-

pense of the all-round forestry where the

production of quality wood, preservation

of nature, protection of the cultural heri-

tage, and recreation are given high prior-

ity.

A high stocking percentage results

in a faster plant cover of the area and

thus a larger production. Calculations

show that the prospective spruce wood

chip production can be increased by

30-50 % by increasing the number of

plants from approx. 4,500 to 6,500 plants

per ha. As the cost of planting increases

with the larger number of plants, and the

increased yield of wood chips does not

cover the cost of more plants, the

method of large numbers of plants will

only be of interest if in addition to the in-

creased yield of wood chips, the added

benefit of improved wood quality, im-

proved stand stability and reduced cost

of weed control etc. can also be

achieved.

Traditionally, nurse trees are planted

at the same time of the primary tree spe-

cies, which are normally more sensitive

Wood as Energy Resource
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Figure 1: Annual

Afforestation in

Ireland.

Biomass Source Supply Potential ('000s green tonnes)

2004 2010

Direct 386 1,040

Indirect 150 250

Post-consumer 221 250

Total 757 1,540

Table1: Present

and future woody

biomass potential

in Ireland.
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species, in order to protect against frost,

weeds etc. As nurse trees are trees that

are fast growing in their youth, the wood

production increases resulting in larger

quantities of wood chips produced from

the thinnings in immature stands that are

performed by harvesting the nurse trees

row by row. Relevant nurse tree species

are e.g. hybrid larch, alder, poplar,

Scotch pine and birch. By using hybrid

larch as nurse trees in a spruce stand,

the yield of wood chips can be increased

by approx. 35% with a number of plants

of 6,400 per ha distributed on 4,200

spruce and 2,200 hybrid larch compared

to an unmixed Norway spruce plantation

(Figure 2) /ref. 15/.

Normally, wood chips are only har-

vested in softwood stands, but by pro-

ducing wood chips from hardwood, such

as beech, the yield of wood chips can be

greatly increased when using nurse

trees. By planting hybrid larch also, the

yield of wood chips could be tripled in

proportion to a pure beech stand.

The calculations of the yield of wood

chips are based on existing research

data on spruce, but new requirements for

the forests in respect of increased diver-

sity and flexible stands may mean that

more mixed stands will be established in

the future.

The effect of increased stand den-

sity is investigated by research.

Demo - Field Experiments

In co-operation with The National Forest

and Nature Agency, the Danish Forest

and Landscape Research Institute estab-

lished in 1998-99 demo - field experi-

ments on three afforestation areas in

Denmark. The purpose of the experi-

ments is, among other things, to investi-

gate the energy wood production in

mixed stands on various soil types. The

experiments are aiming at demonstrating

the additional expenditure involved in in-

creasing the number of plants, prospec-

tive gains in the form of reduced need for

weed control and replanting (replanting

after dead plants), and in the long term

an improvement of the wood quality.

The demo - field experiments in-

clude nine different planting models using

the following mixture of species:

• Mixed softwoods (Sitka spruce/Norway

spruce, and Douglas fir with or without

larch as nurse trees).

• Pure hardwood stands and mixed hard-

wood stands (beech, oak, and oak with

alder).

• Mixed hardwood- and softwood stands

(beech with Douglas fir and beech with

larch).

A standard number of plants are chosen

which is doubled either with the primary

tree species (beech, Norway

spruce/Sitka spruce, oak, Douglas fir) or

by using nurse tree species (alder, larch).

The experiments are currently in-

spected and measurements are taken,

and the actual energy wood yield figures

will be available in connection with thin-

ning in immature stands in approx. 15-20

years. The results form the basis of the

planning of future afforestation.

1.3 Energy Plantation

(Short Rotation Coppice)

Willow has been used as a cultivar for

centuries for the purpose of tools, barrel

hoops, basketry, and wattles. For the pur-

pose of the production of wood chips for

energy, willow has only been cultivated

for a few years in Denmark and at pres-

ent willow wood chips are only used to a

limited extent at heating plants in Den-

mark.

Energy Plantations in Denmark

The term «energy plantations» applies to

hardwood plantations (generally willow)

that are growing fast in their juvenile

Wood as Energy Resource
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Figure 2: Production

of wood chips in m3 l.

vol per ha for an un-

mixed Norway spruce

stand and a stand

consisting of Norway

spruce with larch as

nurse trees with vari-

ations in the number

of plants in the East-

ern part of Denmark.

The wood chip pro-

duction increases

considerably by using

nurse trees. /ref. 1/.

Figure 3: The Danish forest area will be doubled over the next 80-100 years. Many of the

new forests will be hardwood forests with oak and beech being the primary species.
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Wood as Energy Resource

phase and capable of multiplication by

cuttings and stump shooting. Through in-

tensive cultivation, these properties are

utilised for the production of biomass that

can be used for energy production.

According to the Energy Action Plan

of 1996 (Energi 21), it is the intention that

the contribution of energy crops or other

biomass, excluding straw, to the energy

supply shall be increased from 0 in the

year 2005 to approx. 45 PJ in the year

2030. If not supplemented with other bio-

mass, this is equal to the yield of approx.

500,000 ha willow. However, the growing

of energy crops will to a high extent de-

pend on the EU agricultural policy and

subsidy schemes. In order to estimate

the potential of the energy crops, a demo

and development programme has been

implemented in order to analyse future

use of energy crops.

In Denmark, willow is only grown on

500 ha agricultural land /ref. 1/, while it is

estimated that willow is grown on approx.

17,000 ha land in Sweden. Willow is an

agricultural crop, which means that it is

possible to stop growing willow and

change to another crop if so desired.

Willow Growing

Willow can be grown on various soil

types. Soil types ensuring a good supply

of water are suitable. Light soil types

without irrigation will result in unstable

yield. Willow roots may block drain sys-

tems. The area should be suitable for

mechanical equipment including being

capable of bearing machines during the

winter months when harvesting takes

place /ref. 2/.

When establishing energy planta-

tions in Denmark, cloned withy cuttings

have so far proven to have the best pro-

duction potential. When planting, which

takes place in spring, traditionally approx.

15,000-20,000 cuttings taken from one

year old shoots are planted per ha. The

cuttings are inserted in the ground by

machine, and the 20 cm long cuttings are

forced straight into the ground so that

only a few cm stand up. By way of com-

parison, it may be mentioned that a new

method has proven that the cost of plant-

ing can be reduced by 50% by horizon-

tally spreading the material, cut in

lengths of approx. 20 cm, and hence

grooving it down into the ground /ref. 3/.

The first winter after planting, the shoots

can be cut off at a height of 5-8 cm in or-

der to encourage more sprouting. Cutting

down is considered advantageous in thin

stands and where there are only 1-2

shoots per cutting /ref. 4/.

The worst enemy during the initial

phase is weeds, particularly grasses, and

the area should therefore be thoroughly

cleaned before planting e.g. by subsoil

ploughing. Weed control is easiest and

best performed by means of herbicides

combined with mechanical weeding. At

the time of harvesting, which is done at a

few years interval, everything is removed

except leaves and roots, and that makes

the application of fertiliser necessary in

order to maintain the level of production.

Table 2 illustrates the application of

fertiliser to willow cultivations over the in-

dividual years.

The application of nutrients to en-

ergy willow with waste water, sewage

sludge or liquid manure is an alternative

to the application of fertiliser. The dense,

deep striking willow root system is suit-

able for capturing the plant nutrients and

heavy metal content of the sludge. Thus

compared to wood chips, the fuel will

contain relatively large quantities of nitro-

gen and cadmium. Under ideal combus-

tion conditions, the major part of the ni-

trogen will be released in the form of N2,

and the heavy metals will remain in the

ash. This is an important precondition for

stating that using sludge for energy

willow will be environmentally beneficial

/ref. 5/.

Harvesting and Storage

The first harvest on the area takes place

3-4 years after planting when the willow

shoots are approx. 6 metres high. It is

done in winter, and the following spring

the plants start growing from the stumps,

and after another 3-4 years, harvesting

can take place again. It is expected that

the willows can grow for at least 20 years

without any reduction in the plant yield,

and that means that harvesting can take

place 4-5 times before new planting will

be necessary.

Research has shown that long-time

storage of willow chips is difficult. This is

due to the moisture content of approx. 55

- 58% of the total weight of green willow,

and that young willow shoots contain a

large proportion of bark and nutrients. In

piles of willow chips, a fast temperature

development typically takes place result-

ing in a considerable loss of dry matter.

This development depends on the size of

the chips. The larger the chips are, the

lower is the decomposition. Long-term

storage is best if the willow has not been

chipped but is stored in the form of whole

shoots, which is expensive. A different

method that has proven successful dur-

Figure 4: The area has been carefully cleaned before planting the willow cuttings. The

planting takes place by a two-furrow planting machine, and a tractor marking arm en-

sures quite parallel rows. The dual wheels of the tractor distribute the ground pressure

so that the soil is not unnecessarily compressed.
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ing experiments is airtight sealing of wil-

low chips. Without oxygen, no decompo-

sition takes place /ref. 6/. The difficult

long-time storage means that willow

wood chips are normally hauled directly

to the heating plant.

Fuel Characteristics

Willow chips do not differ very much from

other types of wood chips, but may con-

tain more bark and more water. The

lower calorific value of bone dry willow

does not differ from that of other wood

species, but is approx. 18 GJ per tonne

of bone dry material. But compared to

most other wood species, willow wood is

relatively light. This means that one m3 l.

vol (loose volume) of willow chips con-

tains less dry matter (approx. 120 kg/m3

l. vol) than e.g. one m3 l. vol of beech

chips (approx. 225 kg/m3 l. vol).This is of

importance to the amounts by volume a

heating plant must be capable of han-

dling in order to achieve the same gener-

ation of heat. The high moisture content

makes the wood chips particularly suit-

able at plants equipped with a flue gas

condensation unit. If so, the evaporation

heat is recovered.

The Production of

Willow Chips

In plantations, the entire cost of produc-

tion should be paid by a low value prod-

uct, i.e. willow chips. This makes the pro-

duction of energy willow chips vulnerable

compared to the production of straw or

forest chips. By the production of straw

for energy, the cereal production carries

all the costs including combine harvest-

ing, and the straw will only have to pay

for the collection, transport and storage.

Similarly, the production of sawmill timber

pays for tree growth, while the wood

chips pay for chipping, storage, and

transport to heating plant. Willow growing

is therefore financially risky and depends

to a high extent on the harvesting yield.

Therefore, the calculation of the pro-

duction level for willow plantations in

Denmark has received much attention.

Occasionally, high yield figures of 10-12

tonnes of dry matter per ha per year or

more are recorded, but they have often

been achieved in individual, small and

very intensively cultivated willow stands

and are thus not a realistic estimate for

yields in commercial stands. Yield mea-

surements, carried out in Danish culti-

vated willow stands from 1989 to 1994,

show that the average yield is approx.

7.5 tonnes of dry matter per ha per year,

which is not as much as previously esti-

mated. The results of the yield measure-

ments have not been able to unambigu-

ously explain the influence of the stand

factors on the production level, but this

average yield has been achieved in wil-

low stands with fertiliser being intensively

applied and with half of the stands being

irrigated. Measurements of the yield have

been carried out on clones, that were

common at the beginning of the 1990s

/ref. 7/. Danish measurements on new

clones form part of an EU project. Prelim-

inary results indicate that the additional

yield of the new clones is modest in

comparison with the old clones.

Willow Growing in the Future

For the time being, there is good reason

to follow the development of willow grow-

ing in Sweden, who has taken the lead.

More and more information is obtained

about cloning developments, harvesting

yields, cost of harvesting, and soil types

preferred by willow. It may be possible for

agriculture to take up a niche production

of willow on soils suitable for the growing

of willow, but less suitable for cereals. Fi-

nally, willow may conquer a niche where

it can contribute to solving some environ-

mental problems in the form of waste wa-

ter and soil purification.

N P K

Planting year - 0-30 80-130

1st prod. year 45-60 - -

2nd prod. year 100-150 - -

3rd prod. year 90-120 - -

1st year after harv. 60-80 0-30 80-160

2nd year after harv. 90-110 - -

3rd year after harv. 60-80 - -

Table 2: Recom-

mended applica-

tion of fertiliser to

energy willow be-

fore and after first

harvesting (kg per

ha). - means no

fertiliser applied.

The amount of fer-

tiliser varies with

the soil character-

istic /ref. 19/.
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Figure 5: By har-

vesting of whole

shoots which takes

place by specially

designed machi-

nes during the

winter, everything,

except leaves and

roots, is removed.

The willow shoots

are harvested

close to the soil

surface.
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In general, wood from forestry and from

wood industry can be used in the form of

firewood, wood chips, bark, shavings, bri-

quettes, pellets, and demolition wood for

firing in, e.g., wood stoves, wood pellet-

fired boilers, district heating plants, and

CHP plants. The technologies used at

these plants stipulate various require-

ments in respect of the physical properties

of the wood i.e. nominal size, size distribu-

tion, moisture content, ash content, and

pollutants (stones, soil, and sand).

A physical characterisation of wood

fuels is important when choosing fuels for

various boiler systems and technologies.

In addition, information on the physical

properties of the wood fuels can be used

when drafting contracts for future deliver-

ies, specifying the fuel in relation to cer-

tain types of boiler systems, and the

drafting of quality descriptions of the

wood fuel. Knowledge of these properties

in relation to various types of wood fuels

thus contributes to a promotion of an en-

vironmentally and economically optimal

application of the fuel /ref. 8/.

European standards are being de-

veloped for all solid biofuels in CEN

TC335. Several draft standards are in the

hearing phase and will be published

soon. The draft standard «Solid biofuels -

Fuel specifications and Classes» con-

tains a table classifying woody biomass

after origin (see table 3) /ref. 9/.

The next step is to define the kinds

of wood fuel that are being traded (see

table 4) and how they commonly are pre-

pared.

Fuelwood

Fuelwood is split, round or chopped

wood from delimbed stems (logs), cut-off

root ends, and tops and branches of

hardwood or softwood. Ready-to-use fire-

wood is normally split to 15-35 cm.

Chunks of 6-8 cm thickness are most

suitable for the majority of wood stoves.

Firewood consists of wood and bark.

The moisture content in green

spruce is approx. 55-60% of the total

weight and correspondingly approx. 45%

for beech /ref. 10/. After drying during the

2. Physical Characterisation

of Wood Fuels

summer season, the moisture content is

reduced to approx. 15% of the total

weight, depending on weather, stacking

and covering. This is the recommended

moisture content for use in wood stoves

/ref. 11/. The ash content is usually below

2% of the dry matter.

Wood Chips

Wood chips are comminuted wood in

lengths of 5-100 mm in the fibre direc-

tion, coarse particles and a fine fraction

(fines). Whole-tree chips are chipped

from whole trees including branches in

the first thinnings of spruce stands or in

connection with converting miscarried

contorta pine plantations. Wood chips are

also produced from top ends and other

residues on clearcuts. Sawmill wood

chips are a by-product of the sawing of

logs. Furthermore willow wood chips are

produced from short rotation coppice

grown on agricultural land.

The required type of wood chips

depends on the type of heating system.

A detailed description of the various

quality classes of wood chips can be

Fuel name Typical particle size Common preparation method

Briquettes Ø>25 mm Mechanical compression

Pellets Ø<25 mm Mechanical compression

Fuel powder <1 mm Milling

Sawdust 1 – 5 mm Cutting with sharp tools

Wood chips 5 – 100 mm Cutting with sharp tools

Hog fuel Varying Crushing with blunt tools

Logs 100 – 1000 mm Cutting with sharp tools

Whole wood >500 mm Cutting with sharp tools

Table 4: Major traded forms of wood fuels.

Figure 6: Forest chips, sawdust, and fresh bark from spruce, and wood pellets.
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found in Table 5. It is clear that a boiler

for a single household is much more

sensitive to particle size, than a large

scale town heating plant. Therefore a

small installation would need a P16

chip, while heating plants would love a

P63

or even a P100.

Coarse particles can be very trou-

blesome in screw conveyors. Coarse par-

ticles are problematic during feed stock

handling. The proportion of coarse parti-

cles is of great importance to the wood

chip bridging propensity.

The moisture content in whole-tree

chips depends on the production method.

The moisture content of wood chips pro-

duced from green trees is approx. 50-

60% of total weight, but after summer

drying of the trees for 3-6 months, the

moisture content is reduced to approx.

35-45% of the total weight. Chip-fired

boilers with stoker for detached houses

etc. can manage wood chips with mois-

ture content between 20 and 50% of the

total weight, while district heating plants

normally accept wood chips with a mois-

ture content of 30-55%. District heating

plants with flue gas condensation nor-

mally want wood chips with high moisture

content in order to utilise the condensa-

tion heat.

Wood chips may be polluted with

stones, soil, and sand which increase the

ash content. The ash content in whole

trees depends on the wood species and

the quantity of needles, branches, and

stemwood. The natural ash content in

needles may exceed 5% of the dry mat-

ter weight, in branches and bark approx.

3%, and in stemwood approx. 0.6% /ref.

12/. Wood fuel for small boilers and dis-

trict heating plants has an ash content of

1-2% of the dry matter weight.

Hogfuel

As stated in table 4 hogfuel is a fuel,

which has been produced from wood by

crushing. This crushing results in a more

sliver like fuel, which has a large variation

in size and shape. Many particles are

flossy. The flossy nature of the particles

makes the fuel difficult to handle. The

hogfuel is notorious for the bridging over

openings. In a test rig to measure bridg-

ing properties, wood pellets will require

an opening of a few centimetres to break

the bridge, the bridge in wood chips will

collapse at an opening of 15-30 centi-

metres, while with hogfuel, the opening

should often be in excess of one meter.

However if the plant is constructed

to handle this fuel, than crushing is a

cheap way to reduce the size of other-

wise difficult to handle wood sources, like

stumps or wood which is otherwise pol-

Physical Characterisation of Wood Fuels
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1.1. Forest and

plantation Wood

1.1.1 Whole

trees

1.1.1.1 Deciduous wood

1.1.1.2 Coniferous wood

1.1.1.3 Short rotation coppice

1.1.1.4 Bushes

1.1.1.5 Blends and mixtures

1.1.2

Stemwood

1.1.2.1 Deciduous

1.1.2.2 Coniferous

1.1.2.3 Blends and mixtures

1.1.3 Logging

residues

1.1.3.1 Fresh/Green (including leaves/nee-

dles)

1.1.3.2 Dry

1.1.3.3 Blends and mixtures

1.1.4 Stumps 1.1.4.1 Deciduous wood

1.1.4.2 Coniferous wood

1.1.4.3 Short rotation coppice

1.1.4.4 Bushes

1.1.4.5 Blends and mixtures

1.1.5 Bark (from forestry operations)*

1.1.6 Landscape management woody biomass

1.2. Wood pro-

cessing indus-

try, by-products

and residues

1.2.1 Chemi-

cally untreated

wood residues

1.2.1.1 Wood without bark

1.2.1.2 Wood with bark *

1.2.1.3 Bark (from industry operations)*

1.2.1.4 Blends and mixtures

1.2.2 Chemi-

cally treated

wood residues

1.2.2.1 Wood without bark

1.2.2.2 Wood with bark *

1.2.2.3 Bark (from industry operations)*

1.2.2.4 Blends and mixtures

1.2.3 Fibrous

waste from the

pulp and paper

industry

1.2.3.1 Chemically untreated fibrous waste

1.2.3.2 Chemically treated fibrous waste

1.3. Used wood 1.3.1 Chemi-

cally untreated

wood

1.3.1.1 Wood (excl. bark)

1.3.1.2 Bark*

1.3.1.3 Blends and mixtures

1.3.2 Chemi-

cally treated

wood

1.3.2.1 Wood (excl. bark)

1.3.2.2 Bark*

1.3.2.3 Blends and mixtures

1.4. Blends and mixtures

Table 3: Classification of origin and sources of solid wood fuels

* NOTE: Cork waste in included in bark sub-groups.



Master table

Origin: According to clause 6.1 and Table 3. Woody Biomass (1)

Traded Form: Wood Chips

N
o

rm
a
ti

v
e

Dimensions (mm)*)

P16

P45

P63

P100

Main fraction> 80 % of weight Fine fraction < 5% Coarse fraction max. length of particle

3,15 mm � P � 16 mm

3,15 mm � P � 45 mm

3,15 mm � P � 63 mm

3,15 mm � P � 100 mm

< 1 mm

< 1 mm

< 1 mm

< 1 mm

max 1 %* > 45 mm, all < 85 mm

max 1 %* > 63 mm

max 1 %* > 100 mm

max 1 %* 200 mm

Moisture (w-% as received)

M20

M30

M40

M55

M65

� 20 %

� 30 %

� 40 %

� 55 %

� 65 %

Dried

Suitable for storage

Limited for storage

Ash (w-% of dry basis)

A0.7

A1.5

A3.0

A6.0

A10.0

� 0,7 %

� 1,5 %

� 3,0 %

� 6,0 %

� 10,0 %

Nitrogen, N (w-% of dry basis)

N0.5

N1.0

N3.0

N3.0+

� 0,5 %

� 1,0 %

� 3,0 %

> 3,0 % (actual value to be stated)

Nitrogen is normative only for chemically treated biomass

In
fo

rm
a

ti
v
e

Net calorific value qp,net,ar (MJ/kg as re-

ceived) or energy density, Ear (kWh/m3 loose)

Recommended to be specified when retailed.

Bulk density as received (kg/m3 loose) Recommended to be stated if traded by volume basis in categories

(BD200, BD300, BD450)

Chlorine, Cl (weight on dry basis, w-%) Recommended to be stated as a category Cl 0.03, Cl 0.07, Cl 0.10 and Cl

0.10+( if Cl >0,1% the actual value to be stated)

Table 5: Specification of Properties for Wood Chips

*NOTE: The numerical values for dimension refer to the particle sizes passing through the mentioned round hole sieve size

(3,15 mm, 16 mm, 45 mm, 63 mm and 100 mm). Dimensions of actual particles may differ from those values especially

the length of the particle.

luted with soil, stones or metal. Due to

the nature of the source material, hogfuel

often has elevated ash content as com-

pared to other types of wood fuel.

Bark

Bark for energy production is produced

by peeling of bark at softwood sawmills

and by the cutting of slabs at hardwood

sawmills. Strictly speaking, comminuted

bark cannot be regarded as wood chips,

but size analyses of bark - based on

wood chip standard - show that bark has

a very heterogeneous size distribution

with a large proportion of fines /ref. 13/.

Bark is very moist, approx. 55-60 %

of the total weight and single firing with

bark normally takes place in special boil-

ers because of problems with the high

moisture content. Bark is the outermost

layer of the tree, where pollutants are of-

ten found in the form of soil, sand, and to

a certain extent lead shot from

cartridges.

Sawdust and Shavings

Sawdust and shavings that are produced

by planing, milling etc. are a by-product

or residue from wood industries. Sawdust

and shavings are between 1 and 5 mm in

diameter and length. The moisture con-

tent in sawdust varies with the material

that has been sawed, originating from

wood industries that manufacture rafters

and windows etc., and may have a mois-

ture content of 6-10% of the dry matter

weight, but 45-65% of the total weight if

the wood was green, recently harvested.

Shavings are very dry with moisture

content between 5 and 15% of the total

weight. Therefore, they are normally

used for the production of wood pellets

and wood briquettes. They contain few

Physical Characterisation of Wood Fuels
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Origin: According to clause 6.1 and Table 3 Woody Biomass (1),Herbaceous biomass (2),Fruit bio-

mass (3),Blends and mixtures (4)

Traded Form (see Table 4): Pellets

N
o

rm
a
ti

v
e

Dimensions (mm)

Diameter (D) and Length (L)*

D06

D08

D10

D12

D25

� 6 mm ± 0,5 mm and L � 5 x Diameter

� 8 mm ± 0,5 mm, and L � 4 x Diameter

� 10 mm ± 0,5 mm, and L � 4 x Diameter

� 12 mm ± 1,0 mm, and L � 4 x Diameter

� 25 mm ± 1,0 mm, and L � 4 x Diameter

Moisture (w-% as received)

M10

M15

M20

� 10 %

� 15 %

� 20 %

Ash (w-% of dry basis)

A0.7

A1.5

A3.0

A6.0

A6.0

� 0,7%

� 1,5 %

� 3,0 %

� 6,0 %

> 6,0 % (actual value to be stated)

Sulphur (w-% of dry basis)

S0.05

S0.08

S0.10

S0.20+

� 0,05 %

� 0,08 %

� 0,10 %

> 0,20 % (actual value to be stated)

Sulphur is normative only for chemically treated bio-

mass and if sulphur containing additives have been

used

Mechanical durability (w-% of pellets after testing)

DU97.7

DU95.0

DU90.0

� 97,7 %

� 95,0 %

� 90,0 %

Amount of fines (w-%, < 3.15 mm) after production at factory gate*

F1.0

F2.0

F2.0+

� 1,0 % * In last possible place in the production site

� 2,0 %

> 2,0 % (actual value to be stated)

Additives (w-% of pressing mass)

Type and content of pressing aids, slagging inhibitors or any other additives have to be stated

Nitrogen, N (w-% of dry basis)

N0.3

N0.5

N1.0

N3.0

N3.0+

� 0,3 %

� 0,5 %

� 1,0 %

� 3,0 %

> 3,0 % (actual value to be stated)

Nitrogen is normative only for chemically treated bio-

mass

In
fo

rm
a

ti
v
e

Net calorific value, qp,net,ar (MJ/kg as received) or energy

density, Ear (kWh/ m3 loose)

Recommended to be informed by retailer.

Bulk density as received (kg/m3 loose) Recommended to be stated if traded by volume basis

Chlorine, Cl (weight of dry basis, w-%) Recommended to be stated as a category Cl 0.03, Cl

0.07, Cl 0.10 and Cl 0.10+ (if Cl >0,10% the actual

value to be stated)

Table 6: Specification of Properties for Pellets

* NOTE: Maximum 20% of the pressing mass may have a length of 7,5 x Diameter

Physical Characterisation of Wood Fuels
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pollutants, since it is normally stemwood

that is used, and the ash content is there-

fore less than 0.5% of dry weight.

Wood Briquettes and

Wood Pellets

Wood briquettes are square or cylindrical

fuels in lengths of 50-400 mm and a di-

ameter/width of 2,5 -12,5 cm. Wood pel-

lets are cylindrical in lengths up to 100

mm and a diameter of 6-25 mm. The de-

mands on wood pellets are given in table

6. Such a table also exists for briquettes.

(Please see /ref. 9/.)

Briquettes and pellets consist of dry,

comminuted wood, primarily consisting of

shavings and sawdust compressed at

high pressure without the use of binding

agents. The size distribution is very uni-

form which makes the fuel easy to handle.

Pellets from the same consignment will be

of the same diameter. Moreover the mois-

ture content is low, approx. 8-10 % of the

total weight /ref. 14/. The slagging prob-

lems are very limited when burning good

quality briquettes and pellets, and the

amount of ash is low, approx. 0.5-1% of

the dry matter weight /ref. 15/.

Wood Waste

Wood waste is wood that has been used

for other purposes e.g. constructions,

residues from new buildings or recon-

structed buildings before being used as

fuelwood. Other types of recycled wood

include disposable pallets and wooden

containers. The wood that is comminuted

before burning varies very much in size.

Demolition wood is often relatively dry

with a moisture content of approx.

10-20% of the total weight. Burning of

demolition wood and other industrial

wood waste may be problematic, since

the wood may be polluted with residues

from paint, glue, wood preservatives,

metal, rubber, and plastic material de-

pending on the previous use. If the wood

waste contains glue, paint etc. it should

be burned in waste incinerating plants

Physical Characterisation of Wood Fuels
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3. Production of Wood Fuels
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The utilisation of forest chips for fuel

can be of great importance to forestry,

since the production and sale of for-

est chips enable the necessary stand

care and also the conversion of

stands from one species to another.

For heating and CHP plants, wood is

an easy fuel to handle.

Production of Forest Chips

The production of forest chips typically

takes place in connection with three dif-

ferent tasks:

• Thinning in immature softwood and

hardwood stands.

• Conversion of stands.

• Clearing of logging residues.

Quantitatively, the proportion of the

first-mentioned task is absolutely pre-

dominant, but the proportion of logging

residues is growing. Conversion of mis-

carried contorta pine to other more pro-

ductive species is an option.

Thinning in Immature Soft-

wood Stands

Thinning in immature stands is made in

order to encourage the growth and thus

increase the total yield of useful material

from the trees that remain in the stand.

Additional benefits of thinning are im-

proved health of the stands and higher

recreational value for the visiting public.

In establishing a softwood stand, a

stocking level of 2,500 trees per ha is

used. First thinning is normally performed

when the trees are approx. 8 m high.

25-50% of the trees are removed,

thereby reducing the number of stems to

1250-1875 trees per ha. When the trees

in the stand are approx. 10 m high, a

second thinning is performed, often a se-

lective thinning, thereby reducing the

number of stems to approx. 1,000-1,500

trees per ha.

Besides the reduction in number of

stems per hectare, the first thinning also

allows the removal of any undesired

trees: dead, diseased, too small, double

stems, front runners, unwanted species.

Such a thinning will leave a more homog-

enous stand, which will yield a better

product at the second thinning. The har-

vesting costs of the second thinning will

also be lower, because the harvester can

operate much more efficiently.

The trees from first thinning are so

small that it is difficult to sell them as

commercial timber, and chipping is there-

fore a widely used practice in Denmark.

In periods when the price of pulp is low,

trees from second thinning are also

chipped.

The sale of forest chips is a prereq-

uisite of carrying out early thinnings at a

low price or without any costs to the

owner of the forest. Without these market

outlets, thinnings would most often be

postponed until the trees have attained a

size where a balance can be achieved

between the cost of thinning and the in-

come from the sale of the product. Thin-

ning in due time is a prerequisite for the

production of high quality commercial

timber. In other words, it is not possible

to maintain a production of high quality

commercial timber without at the same

time producing (and selling) wood fuel. At

the same time, a timely thinning will in-

crease the stability of the stands against

wind.

Conversion of Stands

Today the conversion of pine wood

stands (contorta pine) primarily takes

place in order to make space for new,

more productive stands, typically of

spruce, Scotch pine or deciduous trees

(primarily oak and beech). In addition,

clear-cutting of certain older pine stands

in Denmark is done with the purpose of

restoring heath or dune landscapes.

The sale of forest chips is an abso-

lute prerequisite of carrying through the

conversion in a financially justifiable way.

Without market outlets for wood chips,

the owner of the forest will have to pay

for both the forest clearing and restock-

ing of the area, and thus the price is

higher than the estimated income of the

new stand in the future. The sales of for-

est chips from a conversion can normally

more or less pay for the clearing of the

area so that the owner only has to pay for

the restocking of the area with forest

trees.

Clearing of Forest Residues

After clear-cutting of stands, large

amounts of forest residues are left on the

area, primarily tops from trees that have

been harvested, but also branches and

logs that have been cut off due to rot, but

sweep or other reasons.

Normally it is necessary to clear the

cultivation area for residues to facilitate

restocking. Often residues are gathered

and arranged in long rows. The rows can

be used as skidrows along which vehi-

cles can move later on in the life of the

stand, but it takes at least 5-10 years for

the rows to rot away to enable vehicles to

pass along them.

Research has proven that tops from

clear-cuttings can be profitably chipped

and used for fuel. Thus chipping contrib-

utes to the benefit of the harvesting, and

often makes the clearing of the area un-

necessary, since chipping removes a

large proportion of the residues /ref. 17/.

The annual clear-cutting in Denmark

amounts to approx. 2,500 ha of old

Figure 7: The feller-

buncher, which is a

narrow off-road ma-

chine with a crane

mounted saw felling

head, fells the thin-

ning trees and ar-

ranges them in

rows, so that the

chipper can subse-

quently chip them

after drying for a

couple of summer
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spruce. With an estimated yield of the

tops of approx. 40 m3 l. vol per ha,

approx. 100,000 m3 l. vol of wood chips

can be produced per year by chipping of

residues left after old spruce.

Harvesting of Forest Chips

The production of forest chips can be di-

vided into several stages /ref. 18/:

• Felling for chipping.

• Chipping.

• Off-road hauling.

• Storage in the forest.

• Road transport.

Felling for Chipping

Felling for chipping is made in a way that

ensures that the wood chips produced

are as dry as possible. The moisture con-

tent of the trees is lowest from Janu-

ary-March, and the felling of trees for

chipping should therefore take place in

the first three months of the year. This

may also limit the risk of stump infection

by the decay fungus (Heterobasidion

annosum) which can subsequently

spread from the roots of the stumps to

the remaining trees in the stand. The

trees that have been felled are left on the

area for the summer. This is done in or-

der to achieve drying of the trees to a

certain extent and to allow needles and

small branches to drop off before chip-

ping. The moisture content in wood chips

is thus reduced from 50-55% to approx.

35-45%, and the majority of the nutrients

in the trees - actually contained in the

needles and small branches - remains on

the area.

By felling the trees in the early part

of the year for chipping after the summer

season, there is a certain risk of insect

infestation in relation to softwood. In risk

areas, the trees should be inspected fre-

quently. If the insect infestation is too se-

rious, the chipper can at relatively short

notice be ordered to remove the trees

that have been attacked. So far, no seri-

ous insect infestation of felled trees has

been noticed in Denmark, because they

are normally placed in the shade of the

residual stand, resulting in poor living

conditions for the insects.

Harvesting methods in

thinnings

For Irish conditions several harvesting

methods can be applied to first thinnings:

harvesting whole trees (the traditional

Danish system)

harvesting whole stems on areas,

where the bearing capacity is too low to

permit whole tree harvesting

integrated harvesting of an industrial

assortment together with an energy as-

sortment

traditional roundwood operation

Harvesting whole trees

This system is suitable on terrain with a

reasonable bearing capacity. In first thin-

ning the operation is carried out in two

phases: first the stands are opened up by

felling every 6th or 7th row by chainsaw.

The trees are left over summer and

chipped with a terrain going chipper. The

second phase of the first thinning is car-

ried out by a feller-buncher, which carries

out a selective thinning in the area be-

tween the skidrows (see figure 7). The

trees are felled in such a way that the

chipper can move through the stand from

one row to the other: the trees are felled

in alternate directions in neighbouring

skidrows (see figure 8). Compared to a

traditional roundwood harvest, the vol-

ume of harvested wood is increased by

as much as 30-40 %, due to the fact that

also the branches and tops are har-

vested. Another increasing factor is that

also undersized trees and trees of un-

wanted species (willows, birch, thorns

etc) can be chipped without problems.

Harvesting whole stems

If the bearing capacity is not sufficient for

the chipping machine, a solution could be

to do the felling with a harvester. The

trees are stripped crudely of their

branches and left with their top along the

side of the skidrow. The branches form a

mat for the machines to operate on. This

system can do a combined row- and se-

lective thinning (see figure 9). The stems

are left in the stand for summer drying

and chipping with a terrain chipper. The

costs of felling in this way are higher than

in the whole tree system, but the quality

Figure 8: Whole tree harvesting system.
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Figure 9: Whole stem harvesting system.
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of the chips is improved because there

are fewer branches and needles to be

chipped. The additional volume as com-

pared to roundwood harvesting is in the

order of 10-20 %.

Integrated harvesting

If the stand already has become too old

and the trees have grown to such a size

that a commercial product like boxwood

and/or stakes can be harvested, an inte-

grated harvest can be carried out. At the

same time as the industrial assortment is

harvested, the remainder of the stems

and trees not yielding an assortment are

crudely delimbed into falling lengths of

4.5 to 6 meter (see figure 10). The trees

are not topped. These crudely delimbed

tree sections are forwarded to the road-

side and left there in a big stack to dry

over the summer. The energy assortment

is chipped in location with a larger and

probably truck mounted chipper. The

chips are blown directly into transport ve-

hicles. Due to the hairy nature of this as-

sortment and the varying lengths, it is not

suitable for transportation to a central

yard. The additional volume as compared

to a roundwood harvest is in the order of

10-15 %, because of the additional tops

and branches.

Harvesting roundwood

This method can be chosen if one is not

sure if the pulpwood component can be

sold as pulpwood or better for energy.

Also if the wood should be transported to

a central yard for chipping, the delimbing

quality and length accuracy should be in

order. Even if this system is chosen, the

wood should remain in the forest for dry-

ing if it is going to be used for energy. A

reduction in moisture content from 55 to

40 % of total weight is easily obtainable

and will increase the volume carrying ca-

pacity of the truck by 25 %.

Harvesting methods

on clear cuts

There are three possible ways to harvest

wood for energy from logging residues on

clear cuts:

Chipping on the area

Forwarding the residues to the road-

side and chip there

Bundling the residues, forwarding to

the roadside.

Chipping on the area

Chipping on the area requires a well or-

ganised harvest of the roundwood, where

the major part of the residues and espe-

cially the tops are placed in neat rows

(see figure 11). These rows are not to be

driven on during forwarding of the assort-

ments. If these rows are driven on, ex-

cessive breakage and pollution with soil

will occur, which makes it very difficult to

do the chipping. Chipping on the area re-

quires either a soil with a good bearing

capacity or a brash mat. The productivity

will be a lot lower than in thinnings, due

to the fact that less material is available

for chipping and because the material to

be chipped is more difficult to handle.

Thus the chipper does not use a chips

forwarder, but transports the chips di-

rectly to the roadside for delivery into

containers or other means of transport.

This requires multiple passes with a

heavy vehicle over the area. The chip-

ping should be carried out after a sum-

mer drying, which means that the replant-

ing of the area might be delayed for one

growing season.

Chipping at roadside

In Scandinavia, often the logging resi-

dues are forwarded to the roadside and

left there in a big pile to dry. The area be-

comes immediately available for restock-

ing. In Scandinavia very good results in

drying have been obtained by covering

the piles over the top, by a strip of spe-

cial paper, which is passed through the

chipper and burned as fuel as well. Chip-

ping at the roadside of logging residues

required a big chipper with a heavy crane

and a good feeding system to handle the

interwoven branches and tops.

Figure 10: Integrated harvesting system.
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Figure 11: Chipper in operation in a clear-cutting area in an old Norway spruce planta-

tion at Gludsted Plantage. Residues consisting of tops are chipped. This ensures,

among other things, a better passage when restocking the area with new forest trees.
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The chips can be blown straight into

a transport vehicle. This system requires

a big landing to store the residues over

the summer. A disadvantage of the

method is that all the needles will fall off

at roadside and the nutrients will be col-

lected from the area and left in a small

area along the road.

Bundling residues

A new method developed in Scandinavia

is the bundling of logging residues. One

machine has been demonstrated in Ire-

land in 2004. Shortly after harvesting, the

residues are collected by the crane of a

forwarder, which has a bundling machine

on the bunk area. The machine produces

bundles with a diameter of 60 cm and a

length of 3 meters. These bundles can

easily be transported by usual forwarders

and stacked and stored at roadside. The

bundles can be either chipped in the for-

est or be transported by timber lorry to a

central yard for processing. The chipping

in either place requires a large chipper,

which can handle «logs» up to 60-65 cm

in diameter.

If the bundles are produced of green

material, the drying of the bundles under

Irish conditions should be studied. If the

material is harvested green, again all the

nutrients are removed from the area. If

the bundles are chipped at roadside, the

nutrients will partly remain in the forest,

but close to the forest road. If the bundles

are transported to a central yard, the nu-

trients are removed totally from the forest.

Chipping

A chipper consists of a self-propelled

base machine with cabin, chipper and

crane mounted on the front part of the

machine. At the rear end of the base ma-

chine, a high-tipping container is

mounted. There are both specialised ma-

chines designed for the purpose of chip-

ping only and also large agricultural trac-

tors equipped with a chipper and high-tip-

ping trailer.

The chipper has an infeed opening

with hydraulic feedrollers that push the

logs or trees into the chipper. The chip-

pers have undergone a rapid develop-

ment over the recent 20 years. Thus their

productivity has increased from approx.

80 m3 l. vol of wood chips per day in

1980 to approx. 400-600 m3 l. vol per day

in 2004.

Chippers can be classified in three

different categories: disc chippers, drum

chippers, and screw chippers. They differ

only in their way of chipping. All chippers

are equipped with a fan to blow the chips

out of the chipper housing through the

chute into the container. The screw chip-

per is not used in Denmark anymore.

The disc chipper consists of a

heavy, rotating disc with rectangular

holes in which chipper knives are

mounted radially (Figure 12). Normally a

disc chipper for fuel chips has 2-4 knives.

When rotating, the disc with the

chipper knives passes the anvil, which is

a fixed steel block, at short distance. The

size of the wood chips can be controlled

by varying the anvil and knife position

from 12 to 35 mm.

The disc chipper is the most com-

mon type of chipper in Denmark. It pro-

duces a uniform quality wood chip and

consumes less energy than a similar size

drum chipper. The machine is suitable for

chipping whole trees and logs, but less

suitable for logging residues.

The drum chipper consists of a ro-

tating drum, in the curving of which 2-4

longitudinal holes are situated equipped

with knives (Figure 13). The drum chip-

per knives also pass a fixed anvil. The

size of the wood chips can be controlled

in the same way as described under the

disc chipper, i.e., from 10 to 50 mm in fi-

bre length. Often, a screen is mounted

just in the entrance opening of the chute.

Any oversize particle is passed round by

the knives and cut again against the an-

vil. These machines are suitable for

comminuting whole trees, logs, and resi-

dues. A drum chipper cuts over the whole

width of the knife and is therefore less

sensitive to sand and other pollutants

than disc chipper knives.

Figure 12: The disc

chipper principle

ensures that the

wood chips are

produced to a

rather uniform size,

since the entrance

angle in relation to

the fibre direction

of the tree is the

same irrespective

of the thickness of

the tree.
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Off-Road Hauling

As the chipper is a very expensive ma-

chine, the machine should chip as much

of the time as possible. It is therefore

usual to have a tractor with high-tipping

trailer or a specialised forwarder to carry

the wood chips to the roadside. This also

relives the chipper operator from the task

of communicating with the trucking com-

pany. All the practical things around the

chipper are ordered by the operator of

the chips forwarder. In case of a machine

breakdown, it is also easy to have to op-

erators at hand for repairs or to collect

spare parts.

Storage in the Forest

The storage of wood chips forms an im-

portant part of the distribution of the fuel

from forest to heating plant. It is neces-

sary to store wood chips for several rea-

sons:

• The consumption of wood chips varies

heavily with the time of the year.

• There are periods when harvesting of

wood chips is not possible.

• During the summer more wood chips

are produced than consumed.

Wood chips should not be stored unless

the moisture content is well below 35 %

of total weight. If the chips contain more

moisture than the 35 %, a rapid degrada-

tion will take place by bacteria and fungi.

This degradation will not only lead to

losses in dry matter content and thus

heating value, but will also generate large

amounts of bacteria and fungi spores

that can lead to serious illnesses after

long time exposure.

Wood chips should preferably be

produced as the need for it arises at the

Fan blade

Anvil

Tree
Stick breaker

Knife

Disc Shaft



heating plant. However, storage cannot

be avoided, as the forests have to meet

larger demands for wood chips in cold

periods and be capable of delivering

wood chips even if stand conditions

make working there impossible. Normally

it is specified in the supply contract, how

large quantities of wood chips the sup-

plier has undertaken to store during the

heating season (normally 10-20% of the

heating plant’s annual consumption).

The storage site should be carefully

selected /ref. 20/. The wood chip pile

should first and foremost be placed close

to an all-weather road that is capable of

carrying trucks throughout the year. The

road should be dry, since the pile would

otherwise be splattered when vehicles

pass. The pile should be located higher

than the road, as water would otherwise

percolate from the road into the wood

chip pile. The ground under the pile

should be level and free of stumps, large

stones or residues. Wood chip piles

should be made as large as possible,

since it minimises the loss at the bottom

of the pile. However, wood chip piles

must not be higher than 7-8 metres, due

to the risk of spontaneous combustion in

piles.

Chips for storing should be as dry

as possible and of the best possible qual-

ity. If the wood chips are to be stored for

more than two weeks, the pile should be

covered with tarpaulins. A certain drying

takes place in the central part of a wood

chip pile that has been covered with tar-

paulins. The evaporated water con-

denses in the outer wood chip layers,

which thereby become equally wetter.

If wood chips are stored with a view

to reducing the moisture content, it

should be stored under roof. Experiments

have shown that storage under roof for

4-6 months may result in a reduction of

the moisture content from approx. 45% to

25-30 % /ref. 21/. In the case of outdoor

storage without tarpaulins, the wood chip

moisture content will increase, whereas

the overall moisture content of chips

stored under tarpaulins remains

constant.

A good way to store wood for en-

ergy is in the form of roundwood, which is

stored in a place, which can be accessed

during any weather circumstances. That

pile of wood can be chipped when the

need for chips is urgent. The decomposi-

tion of roundwood is much slower than of

wood chips. Besides, the cost of storing

roundwood is lower than that of chips.

However, it cannot be avoided to store a

certain amount of chips, because the

productivity of the chipper is much larger

than the consumption during the summer

months.

Road Transport

In the previous chapters much emphasis

has been placed on the forest drying of

the wood to be chipped or transported.

Fresh coniferous wood has a natural

moisture content of some 55 % on total

weight. By storing the wood over summer

in the forest, easily a reduction in mois-

ture content of 10-15 % point can be ob-

tained. If we assume that a cubic meter

solid of wood weighs 900 kg fresh, then

summer drying will reduce that weight to

736 kg/m3 at a reduction of 10 % and

675 kg at 15 %. This means that the

same truck can carry 18-25 % more vol-

ume of the dried material than of the

fresh wood.

For road transportation several op-

tions are feasible in Ireland: transporta-

tion by tractor trailer combination, by con-

tainer truck or by curtainsider/walking

floor trailers.

In Denmark, road transport of forest

chips is normally performed by means of

container trucks which with a container

on the truck and one on the trailer can

transport approx. 80-85 m3 l. vol at a

time. If delivered at the time of chipping,

at least two containers, preferably more

should be placed in the forest. The con-

tainers are filled as the chips are pro-

duced, and the truck carries the wood

chips to the nearest heating plant or stor-

age site concurrently. During loading

from storage, it is normal to use a wheel

loader for filling the containers. With an

output of 40-60 m3 l. vol per hour, a chip-

per can fill two containers in 1.5-3 hours

/ref. 22/.

There are some disadvantages of

using containers: one has to deposit

empty bins in the forest prior to the chip-

ping operation and the weight of the con-

tainers and the special equipment on the

trucks reduce the carrying capacity. The

advantage of the method is that the con-

tainers can be filled, while the truck is

emptying other containers, thus avoiding

waiting time for the truck driver. The con-

tainers can also be placed close to the

spot where the chips forwarder is coming

out of the stand to reduce the travel time

as much as possible.

In Ireland there is custom of using

tractor-trailer combinations to transport

agricultural and other large volume prod-

ucts. These combinations can carry over

40 m3 in one trailer. The advantage of

these machines is that they can move as

fast or even faster on the small country

roads than trucks. Another advantage is

the fast turn around at the receiving end,

where the tipping of a single trailer is

both efficient and fast. However, the rela-

tively low volume carrying capacity

Knives

Anvil

Drum

Tree Axial drum
movement

Figure 13: The drum chipper circular

movements cause the knife entrance an-

gle in relation to the tree fibre direction to

change with the tree diameter. It there-

fore produces wood chips of a more

non-uniform size than a disc chipper /ref.

19/.

Figure 14: The pile of wood chips re-

leases vapour due to the natural decom-

position by fungi and bacteria. The de-

composition breaks down the wood into

carbon dioxide, water, and heat.
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means that several tractor trailer combi-

nations should be used to keep one chip-

per with a chips forwarder in operation.

Another transport system that is

used in Ireland today for transporting

sawmill chips to industry are the

curtainsiders. These large trailers can

carry large volumes and are loaded over

the top with wheel loaders. Unloading is

by opening the sides and either pushing

the chips out or by tipping the whole truck

sideways. The curtainsiders could also

be loaded by blowing the chips straight

from the chipper into the van through the

rear doors. At heating plants the side-

ways unloading of these vans is unfortu-

nate, because the chips are difficult to

unload into a reception pit.

Walking floor trailers are similar to

curtainsiders as they can be loaded over

the top or from the rear. However, these

vans unload at the rear, which make them

very suitable for unloading in reception

pits. The curtainsiders and the walking

floor vans share the advantage of large

loading volume at a low empty weight.

Neither the curtainsiders nor the

walking floor vans are suitable for use

with the terrain chipper/chips forwarder

system. The chips forwarder will not be

able to tip at the required 4.5 meter

height. This means that all chips have to

be unloaded in a depot and reloaded by

using a wheel loader. This is an extra

handling and opens up for the possibility

of contamination with soil, stones etc.

Curtainsiders should thus be used when

it is possible to chip directly into the van

or to transport chips from large depots

that have been established under con-

trolled circumstances.

Production of Wood Pellets

Wood pellets are normally produced from

dry industrial wood waste, as e.g. shav-

ings, sawdust and sander dust. Pulver-

ised material is forced through a die un-

der high pressure. The hole size of the

die determines the diameter of the pellets

and is generally between 8 and 12 mm. It

is not necessary to use any agent for

binding the particles together into pellets,

but if an agent is added, this information

must be included at sale and delivery.

The pellets are bound together by the

lignin content of the wood, which turns

plastic under high pressure and tempera-

ture. The lack of lignin in deciduous wood

makes this kind of wood less suitable for

pelletizing than coniferous wood. A small

percentage of hardwood sawdust can be

mixed in coniferous feedstock.

The pellets are cooled after pelletiz-

ing. Then they are screened in order to

separate fines etc. from acceptable pel-

lets, and finally they are stored either in

bulk or in bags. Pellets are delivered by

tipping trailer or by fodder wagon using a

fan to blow the pellets into a silo at the

consumer’s place.

If pellets are burnt as pure wood

fuel, it should comply with the executive

order concerning bio-waste /ref. 16/. This

executive order sets out that wood pellets

should not contain more than max.1%

glue and no paint or any other products

for surface treatment or wood conserva-

tives. If the pellets contain these sub-

stances, in Demark a waste tax (1999:

DKK 350/tonne) shall be paid, and the

pellets should not be burnt in plants that

have not been approved for waste

incineration.

A warning must be issued about pel-

lets that are very cheap on the market.

Often the quality of those pellets is low.

Increased amounts of sander dust may

cause sintering of the ash. Also pellets

have been seen that were made of waste

from kitchen manufacturing plants, so

made of particle board complete with

laminates. Others were seen where car-

pet residues were mixed in with the wood

particles.

A good wood pellet should be brown

in colour without particles of other colours

or consistency. A good pellet will readily

fall apart when submerged in a glass of

water. If the pellet has not fallen apart af-

ter 15 minutes, the reason for that should

be investigated. When lighting a wood

pellet with a match, the smoke should

smell like wood smoke.

Wood waste

Large amounts of wood waste from the

building industry are used for energy pro-

duction. Wood waste may be recycled

wood, e.g. demolition wood, which has

been used for applications before being

burnt, or it may be residues from the for-

est product industries in the form of

by-products etc. The wood, which often

varies a lot in size, is comminuted before

burning. Wood waste falls under the pro-

visions of the executive order on biomass

waste mentioned above. Thus only clean

wood, which has not been chemically

treated, should be used in normal wood

heating appliances, which are not

equipped with advanced flue gas clean-

p
h

o
to

:
b

io
p

re
s
s
/t

o
rb

e
n

s
k
ø

tt

Figure 15: Con-

tainer being loaded

with wood chips by

means of a tractor

equipped with a

high-tipping trailer.

The truck picks up

the container sub-

sequently to trans-

port the wood chips

to the heating plant.
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4. Purchase and Sale of Wood

for Energy Production
In Denmark, there are many different

wood fuels, e.g., firewood, wood

chips, wood pellets, and wood bri-

quettes, bark, sawdust and shavings.

In the following chapter, the most

common methods for the purchase

and sale of these fuels will be de-

scribed.

Firewood

Standard firewood is paid by the volume.

There are many different volume indica-

tions for wood, but they all refer to princi-

pally different units:

• One cubic metre stacked volume in-

cluding air equals the content of a cube

(with six equal sides) of 1 × 1 × 1 m,

exterior measure.

• One cubic metre solid volume equals

the amount of solid wood containing ex-

actly 1 m3, e.g., a solid block of wood

with length, height, and width being 1 m.

In Denmark firewood is sold primarily by

the stacked cubic metre (a m3 of sawn,

split and stacked wood, a m3 stacked vol-

ume of whole-tree wood, or a loose vol-

ume cubic metre) /ref. 23/.

A m3 stacked volume of sawn, split,

and stacked wood contains the most

wood of the three units, but the volume of

wood depends on the density of the stack

and the size of the pieces. The larger the

pieces are, the more wood is in the m3

stacked volume.

A m3 stacked volume of whole-tree

is wood that is stacked in the forest after

Figure 18: A loose volume cubic metre.

For beech and spruce with a moisture

content of 20% of the total weight, the

solid mass content is 45%. The calorific

value of a loose volume cubic metre of

beech in 40 cm pieces with a moisture

content of 20% is approx. 4.8 GJ.

Figure 17: One cubic metre stacked vol-

ume of whole-tree wood. A m3 stacked vol-

ume of beech consisting of 1-meter pieces

contains 65% solid mass, while one m3

stacked volume of 3-meter pieces contains

55% solid mass. The calorific value of one

stacked m3 of beech in 2-meter pieces with a

moisture content of 20% is approx. 6.5 GJ.

Figure 16: One cubic metre stacked volume

of sawn, split, and stacked wood. The calo-

rific value of a stacked m3 of beech with a

moisture content of 20% is 7.6-8.6 GJ.

1 m

1 m
1 m

1 m

0,5 m

2 m

1 m

1 m

1 m

Species Kg dry

matter

per m3

Compared

to beech

in %

Hornbeam 640 110

Beech/oak 580 100

Ash 570 98

Sycamore 540 93

Birch 510 88

Mount. pine 480 83

Spruce 390 67

Poplar 380 65

Table 7: The most common Danish wood

species average content of dry wood per

cubic metre solid mass /ref. 24/.
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harvesting and shortening. It is often cut

into two-meter pieces, but softwood also

in lengths of one and three meters. It is

typically wood that is delivered for the

purpose of do-it-yourself cutting/splitting.

There may be a lot of air in such a stack.

If the pieces are long or crooked and per-

haps stacked by crane, the wood content

is small. A stack consisting of short

pieces of large diameters contains more

wood than if it consists of long, thin

pieces.

A loose volume cubic metre consists

of wood that is not stacked, but just

loaded into a cube of 1 × 1 × 1 m. This

gives space for a lot of air, because the

pieces are placed just anyhow. It is esti-

mated that a loose volume cubic metre of

firewood contains a solid mass amount-

ing to between half and two thirds of a m3

of sawn, split, and stacked wood.

When fixing the value of a stacked

m3 of firewood, regard should be taken to

the degree of processing of the firewood,

the tree species, and the solid mass or

solid mass percentage.

The degree of processing describes

whether the firewood is cut in appropriate

lengths and split. All Danish tree species

have more or less the same calorific

value per kg dry matter, but with large

variations in dry weight per volume unit

(Table 7).

Solid mass or solid mass percent-

age indicates the amount of solid mass

of wood in a m3 stacked volume of fire-

wood. If the solid mass factor for exam-

ple is 0.65, then the solid mass percent-

age is 65, and both designate that one

stacked m3 of firewood contains 0.65 cu-



bic metre of solid wood or 65% wood.

The remaining part is air.

The solid mass varies a lot and the

care with which the firewood has been

stacked plays an important role. The tree

species and lenghts of the firewood

pieces also affect the solid mass, as illus-

trated by Table 8.

The wood content for the same solid

mass figure is the same in a stacked m3

of firewood irrespective of the moisture

content. Thus, when purchasing and sell-

ing firewood, the moisture content is nor-

mally not taken into consideration. How-

ever, it is a prerequisite of firing with fire-

wood in a wood stove that the firewood is

dry. This means that the moisture content

in percentage of the total weight should

be below 20%.

Wood Chips

The sale of wood chips for firing requires

a measurement of the wood chips for the

purpose of fixing the price. However the

price must depend on the quality and cal-

orific value of the wood chips.

Quality

The quality of the wood chips depends

on the size distribution, moisture content,

and on impurities (soil, stone etc.). We

often associate the quality of wood chips

with its handling and burning properties.

Thus a poor wood chip quality is often

tantamount to difficult handling, i.e. dis-

advantageous properties of the chips as

to angle of friction, angle of slide, and its

propensity to bridging. The wood chip

quality may also have an important influ-

ence on the combustion efficiency and on

the content of harmful substances in

smoke/flue gas and ash.

Calorific Value

The number of heat units obtained either

per weight or volume unit by the com-

plete combustion of a unit mass of a fuel

is termed the calorific value. There are

different calorific values: gross calorific

value, net calorific value, and actual calo-

rific value. The most commonly used cal-

orific value in Denmark and the one that

forms the basis of the sale and purchase

of wood chips is the net calorific value.

Gross calorific value or, as it is also

termed, the calorimetric value, is defined

as the heat units developed by the com-

plete combustion of a well-defined

amount of wood fuel at constant pressure

and with condensation of the original

moisture content of the wood and the wa-

ter vapour that is formed during combus-

tion (approx. 0.5 kg water per kg dry mat-

ter). Unit: Often MJ per kg or GJ per

tonne.

Net calorific value is defined as the

units of heat produced by the complete

combustion of a well-defined amount of

wood fuel with the moisture content in the

wood and the vapour that is formed dur-

ing combustion (approx. 0.5 kg water per

kg dry matter) being in a gaseous state.

This means that the recovery of heat by

condensing the vapour in the flue gas is

not included. Unit: Often MJ per kg or GJ

per tonne.

The amount of water always con-

tained in wood fuel in practice, will be

evaporated during the first stage of com-

bustion. The energy for that is produced

by the combustion of the wood. This

means that the amount of energy that

can actually be utilised is reduced. The

influence of the moisture content on the

calorific value can be calculated by the

following formula:

Figure 19: Processing of fuelwood, ingeniously stacked in old-fashioned, round stacks

improving drying.
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H Hn,v n= ( ) -
100 100

100 - F 2.442 x F

where:

• Hn,v is the net calorific value of wet

wood (GJ per tonne total weight)

• Hn is the net calorific value of dry wood

(GJ per tonne total weight)

• F is the moisture content in percentage

of total weight

• 2.442 is the latent heat of evaporation

of water at 25°C (GJ per tonne)

The following conditions should be taken

into account where calorific values are

stated /ref. 1/:

• Whether the calorific value in question

is the: (1) gross calorific value, (2) net

calorific value of kiln-dry wood, or (3)

the net calorific value of wet wood.

• Pay attention to the fact that the term

actual calorific value sometimes is used

instead of net calorific value for wet

wood.

• In the case of net calorific value, i.e.,

the calorific value with deduction of the

condensed evaporation heat for the

water vapour produced, the moisture

content should be specified. Attention



should be paid to whether the moisture

content is stated on the basis of (1) to-

tal weight (F) or (2) dry matter (u). In

foreign and some Danish literature, the

symbols “F” and “u” are not necessarily

used, but may be indicated by “w” in-

stead of “F”.

• In addition attention should be paid to

whether the net calorific value at the

given moisture content has been

stated: (1) per dry matter weight, (2)

per total weight, (3) per m3 stacked vol-

ume or (4) per m3 solid volume.

Forest Chip Payment

For most Danish chip-fired heating and

CHP plants by far, the payment of forest

chips is based on the energy content of

the wood chips determined as the net

calorific value per tonne total weight. In a

few cases, there may be consignments

that are paid per m3 l. vol of wood chips.

The net calorific value is calculated ac-

cording to the above-mentioned formulae

and can be converted to:

For forest chips of Scandinavian ori-

gin consisting of primarily pine, spruce

and birch wood

Hn,v = 19.2 - (0.2164 × F)

(GJ per tonne total weight)

where F is the moisture content of the

wood chips in percentage of the total

weight of the wood chips.

For mixed wood chips of various origin

consisting primarily of hardwood of un-

known mixture

Hn,v = 19.0 - (0.2144 × F)

(GJ per tonne total weight)

where F is the moisture content of the

wood chips in percentage of the total

weight of the wood chips.

The calculation of the value of a

truckload of wood chips requires knowl-

edge of the weight of the load and the

moisture content. The weight of the load

is determined by a weighbridge as the

gross weight of the loaded vehicle minus

the weight of the vehicle itself. The differ-

ence shows the total weight of the load,

i.e. the content of dry matter + water of

the load.

In practice, the moisture content of

the load is determined by taking repre-

sentative samples totalling 5-10 litres

with a bucket at 3-5 places in the pile af-

ter unloading. Then the samples are

mixed thoroughly, and one sample of

approx. 3 litres is taken for the determi-

nation of the average moisture content in

the load. The moisture content is nor-

mally expressed in percentages of the to-

tal weight in the following way:

• The sample is weighed after sampling.

• The sample is dried in a drying cabinet

at 105 °C to constant weight. In prac-

tice, the drying of three litres of wood

chips distributed in a tray in a ventilated

drying cabinet to constant weight takes

16 hours.

• The difference in weight between the

fresh sample and the dried sample ex-

pressed in percentage shows the mois-

ture content in percentage (F) of the to-

tal weight.

Water content = 100%´

fresh weight
fresh weight - kiln-dry weight

Dry matter

calorific value

in GJ/tonne

Pure wood 19.5

Forest chips 19.2

Bark 18.0

Wood pellets 19.0

Table 9: Net calorific value of different

forms of biomass /ref. 25/.

Firewood

length m

Solid mass in

beech fuelwood

Solid mass in

spruce fuelw.

0.40 0.70 0.80

1.00 0.65 0.75

2.00 0.60 0.70

3.00 0.55 0.65

Table 8: Figures for

the solid mass con-

tained in one m3

stacked volume of

beech and spruce fire-

wood, respectively,

stacked in different

lengths /ref. 39/.
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Calorific Value of Load

The calorific value of the load in GJ per

tonne total weight is determined by using

one of the two above-mentioned formu-

lae for the net calorific value (Hn,v). Then

the weight of the load in tonne total is

multiplied with the number of GJ per

tonne and with the price agreed per GJ

(e.g. in 1998 € 35 per GJ). Figure 20 il-

lustrates the net calorific value (total

weight-basis) in GJ per tonne as a func-

tion of the moisture content in percent-

age of the total weight.

Calculation example for softwood

forest chips:

• Moisture content in wood chips: 55% of

total weight

• Weight of load: 15 tonnes

• Energy price (1998): € 5.00/GJ

• Wood chip calorific value Hn,v: 19.2 GJ/

tonne - (0.2164 × 55) = 7.30 GJ/tonne

• Wood chip energy content: 15 tonnes ×

7.30 GJ/tonne = 109.50 GJ

• Wood chip price: € 5.00/GJ × 109.50

GJ = € 547.50

The Danish method that has been used

since 1980 is simple and easy to use in

practice, and there have only been minor

problems in practical use. The method

can be simplified if it has to do with a

large number of truckloads from the

same supplier. If so, the number of wood

chip samples for the determination of the

moisture content in the loads can be re-

duced. Deviations from the official sam-

pling method can be agreed by the par-

ties upon entering into the contract. It can

also be agreed who is to take the sam-

ples.

Wood Pellets and Wood

Briquettes

Of those two categories of fuel, the

amount of wood pellets is the largest by

far. Pellets are used in district heating

plants and have the advantageous prop-

erty that they can be used in boilers de-

signed for coal-firing without any difficul-

ties. In addition to being used at district

heating plants, wood pellets are very

popular as a fuel in single-family houses

where they typically replace oil and elec-

trical power for heating purposes. Wood

pellets and wood briquettes are sold per

kg total weight. The moisture content is

so small (5-10% of the total weight) and

uniform that it is almost superfluous to de-

cide the moisture content in the individual

supply. So far, Denmark has no standard

or norm for the determination of the qual-

ity of the pellets, but the law stipulates lim-

its beyond which impurities should not be

found in wood pellets /ref. 16/.



5

10

15

20

25

0
0 10 20 30 40 50 60 70

Moisture content, % of total weight

Calorific value, MJ/kg

Gross calorific value of kiln-dry wood
Net calorific value of kiln-dry wood
Net calorific value (net weight dry weight basis)
Net calorific value (total weight basis)

Figure 20: Gross and net

calorific values of wood

without bark as a function

of the moisture content in

percentage of total weight

/ref. 1/.

Bark

Danish bark is used to a great extent for

firing purposes at district heating plants,

and the payment is calculated in the same

way as for fuel chips. This means that the

weight of the load and its moisture content

is determined, and the payment is per GJ.

Since bark is often of poorer quality than

wood chips, the price per GJ is often

lower than for wood chips.

Sawdust and Shavings

Sawdust and shavings can be paid in the

same way as bark and wood chips, i.e.

by payment according to energy content,

determined by the total weight of the fuel

and its moisture content. However, with

dry fuel with a moisture content below

10-15 % of the total weight, it will often

only be necessary to weigh the truckload

and then agree on a price per tonne total

irrespective of minor variation in the al-

most dry material.
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Environmental Issues During the Production and Handling of Wood Fuels

5. Environmental Issues

During the Production and

Handling of Wood Fuels
5.1 Chipping and

Sustainable Forestry

It is clearly advantageous to the envi-

ronment to use wood fuels, but at the

same time chipping involves an in-

creased use of the forest ecosystem

compared to conventional timber har-

vesting, since a greater part of the

biomass is thereby removed. This use

may perhaps affect the stability and

growth of forests in a long term,

thereby creating the need for fertilisa-

tion.

An increased utilisation of the forest eco-

system by chipping of thinning trees and

logging residues may have conse-

quences connected with the following two

aspects, in particular:

• Chipping increases the removal of plant

nutrients from the area, since a major

proportion of the nutrient-rich parts

(needles, branches, and bark) are re-

moved.

• A great proportion of organic material is

removed, which may reduce the humus

content of the soil and thereby its capa-

bility to support wood production.

In order to avoid these effects, it is nec-

essary to balance the utilisation with the

yielding capacity of the soil or, e.g. to re-

turn the wood chip ash to the forest in or-

der to compensate for the loss of nutri-

ents.

Plant Nutrients

Historicaly, the exhaustion of the forests is

well-known. In certain German forest ar-

eas, a considerable soil depletion can still

be demonstrated due to the utilisation of

limbwood, branches, and leaves for fuel

and animal feed in the past century.

The major part of the nutrients is

bound in the active parts of the tree (nee-

dles and bark) that make out a rather

small proportion of the biomass. An ex-

ception is calcium of which the wood also

contains a considerable amount. Figure

21 illustrates an example of the distribu-

tion of biomass and of the most important

nutrients. Thus the removal of nutrients

by chipping depends to a high extent on

the parts of biomass that are removed.

The max. removal occurs by whole-tree

harvesting of green chips (chips with nee-

dles and branches). This increases (for

the example illustrated in Figure 21) the

yield - 8% needles and 13% branches (in-

cluding a great proportion of bark) - but

by this increase in yield, 68% of the nitro-

gen amount of the trees, 72% of the

phosphorus amount, 58% of the potas-

sium amount, and 50% of the calcium

amount are removed.

The absolutely predominant part of

the Danish harvesting of wood chips is

obtained by thinnings in immature

stands. In practice, the thinning trees are

felled during the winter (in order to re-

duce the danger of stump infection by

fungus H. annosum) and hence dry at

the place of felling for four to six months.

By this method, the following is achieved:

• Evaporation of approx. 50% of the

moisture content of the trees.

• Shedding of needles and a number of

thin branches before the trees are fed

into the chipper.

Danish practice therefore reduces the

amount of plant nutrients removed com-

pared to the chipping of green trees. This

has been calculated in the example illus-

trated by Table 10 in relation to the most

commonly used practice of chipping of the

first two thinnings. The removal of the larg-

est amount of nutrients occurs in connec-

tion with stems and bark by conventional

thinning and particularly by clear-cutting.

Whole-tree chipping following predrying of

the two thinnings increases the removal by

approx. 4% and 26% respectively depend-

ing on nutrient, while whole-tree chipping of

green wood will increase it 2-3 times from

12% to 48% (Table 10).

The removal of nutrients during the

entire rotation should be viewed in rela-

tion to the capability of the area to sup-

plement these nutrients by the weather-

ing of soil minerals or in the form of fall-

out. On very nutrient-poor soil, conven-

tional logging of stems removes more nu-

trients than is applied, thereby exhaust-

ing the soil little by little resulting in a

state of nutrient deficiency. However, on

the basis of the present knowledge, it is

not possible to point out these areas.

Stands close to the coast will be less ex-

posed, since these areas are currently

supplied with nutrients in sea salt being

carried over the country by storms.
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Figure 21: The distribu-

tion of biomass on

needles, branches, and

stems, and the relative

content of plant nutri-

ents of the same parts

of wood for spruce /ref.

26/.
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A range of experiments has been under-

taken in Sweden, Finland and Norway

with the purpose of clarifying the conse-

quences of increased removal of biofuels

from the forest.

A test-series include sixteen locali-

ties with ten stands of Scotch Pine and

six stands with Norway Spruce.

Ten years after green chipping of

the first-thinnings the increment was as-

sessed. The results varied from locality

to locality, with an average decrease in

growth of 6 % and 5 % was found in the

Norway Spruce and Scotch Pine, respec-

tively /ref. 27/.

Drilling tests show hat the reduction

in growth begins approximately 4 years

after the green chipping and still remains

after 10 years. The growth reduction in

the Nordic test-series is referred to as an

increased nitrogen deficiency after

whole-tree utilisation. This will probably

not be experienced in Denmark, where

the nitrogen absorption from the atmo-

sphere is capable of covering the nitro-

gen requirements of the trees. The con-

clusion drawn from the Nordic trials is

that the supply of other nutrients from

weathering and deposition is apparently-

able to compensate for loss due to

whole-tree utilisation. However, this is not

necessarily the case everywhere in Den-

mark. For instance the soils of the West-

ern Part of Denmark are poorer in phos-

phor than the other Nordic countries.

The practice of drying the felled

trees in the stands before chipping re-

duces the probability of growth reduction

due to whole-tree reduction. Particularly

on nutrient poor localities a growth reduc-

tion can not be prevented.

The ash from the combustion of

wood chips contains more or less the

amount of nutrients being removed from

the stand by chipping (with the exception,

though, of nitrogen). It is therefore obvi-

ous to solve the nutrient problem by re-

turning the wood chip ash to the forest.

The amount of ash that is produced

by the combustion of wood is often ex-

pressed in percentage of the dry weight

of the wood (0% water). Here, pure wood

ash should be distinguished from crude

ash. By pure wood ash is understood the

pure ash without a content of sand, un-

burned wood, or other substances. By

crude ash is understood the pure ash

plus the inevitable content of other sub-

stances.

On average, the pure ash content is esti-

mated at 2.5% by the combustion of

whole-tree chips. The amount of crude

ash varies a lot, but the crude ash content

is estimated at 5% by the combustion of

whole-tree chips /ref. 12/. Table 11 illus-

trates the estimated average amounts of

plant nutrients in kg per tonne of dry

crude ash.

Wood ash contains small amounts

of heavy metals, e.g. cadmium 0-0.08

g/kg dry ash and lead 0.02-0.6 g/kg dry

ash. The content of such matter may be

problematic in connection with the recy-

cling of the ash for forest and field appli-

cations. Until recently the application of

wood chip ash in forests has been con-

trolled by the Executive Order on Waste

Products for Soil Application /ref. 16/, but

in 2000 the “Executive Order on Ash

from Gasification and the Combustion of

Biomass and Biowaste for Soil Applica-

tions” was passed /ref. 28/.

Humus Content

By whole-tree chips produced from

whole, predried trees, more wood is re-

moved from the stand than by means of

well-known, conventional harvesting of

delimbed roundwood. This means that

fewer branches and tops are left on the

forest floor for natural decomposition.

Dead, organic matter contains the flora

and fauna involved in decomposition.

Whether or not chipping thus contributes

to reducing the biodiversity in the forests

is a highly debated issue which at pres-

ent is uninvestigated.

Another issue that is debated for the

time being is the embedment of carbon in

the soil content of stable humus matter

Figure 22: An amount of approx. 2 tonnes of dry ash is spread per ha (which equals

approx. 3 tonnes of wet ash) after second or third thinning when the trees are 30-40

years old. The nutrients that have been removed from the stand with the chips are re-

turned by the ash.
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Removal of nutrients (kg/ha) Nitrogen

(N)

Phospho-

rus (P)

Potas-

sium (K)

Magne-

sium (Mg)

Calcium

(Ca)

1. Stems 170 54 205 23 234

2. Chipping with predrying 214 58 213 26 259

3. Chipping of green trees 252 61 230 30 294

Increased removal of nut. (% of 1) by

2. Chipping with predrying 26 7 4 13 11

3. Green trees 48 13 12 30 26

Table 10: Total removal of nutrients (kg/ha) over a rotation of 70 years by different chip-

ping strategies for the two first thinnings in spruce stands at Gludsted Plantage /ref.

29/.
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(humus formation). Any stand of trees pro-

duces a continuous stream of dead, biolog-

ical material ending on the forest floor. It

may be leaves, needles, branches, twigs,

dead trees etc. By conventional harvesting

of delimbed roundwood, branches and

tops are left on the forest floor, but by

whole-tree chipping, a larger proportion

of the total biomass production of the

stand is removed. However, by normal

Danish chipping primarily taking place in

connection with the two first thinnings in

the stands, only a small extra proportion

of wood is removed from the stand com-

pared to roundwood logging.

The major part of the dead, organic

matter is mineralised, i.e. it is decom-

posed into plant nutrients, carbon dioxide,

and water, while a minor proportion, of

varying and unknown size, enters into the

soil content of permanent humus matter.

The proportion and importance of this en-

tering is currently being debated and in-

vestigated. Based on the first measure-

ments of the carbon pool in mineral soils

after 25 years of chipping there is no con-

clusive evidence showing a reduced con-

tent of humus matter. However, it is still

unknown whether long-term chipping will

reduce the soils content of permanent hu-

mus matter, and whether or not it is of any

importance to the growth and health of the

trees.

Sustainable Utilisation

Harvesting of whole trees in first and sec-

ond thinning where the trees are left to

dry in the stands before chipping causes

a modest extra drain on nutrients. It is

only on nutrient poor localities that loss of

nutrients may cause concern. Clear-cut-

ting cleaning by chipping of logging resi-

dues often substitutes a normal cleaning

by burning the logging waste. The extra

drain of nutrients due to removal of log-

ging residues after clear-cutting is more

extensive than the extra drain due to the

thinnings. However, the extra drain from

the thinnings can prove to be as impor-

tant as an extra drain from clear-cutting.

The reason for this is that new-planted

trees are unable to exploit the amount of

nutrients, which are released from the

logging residues in the first years after a

clear-cutting. If the logging residues dry

for at least one summer before chipping,

there should be no immediate risk in that

respect by chipping. In both cases, atten-

tion should be paid to the need for sup-

plementary fertiliser

5.2 Working Environment

During the Handling of

Chips and Pellets

The handling of biofuels, as e.g. wood

chips, may cause working environment

problems especially in relation to dust

and micro organisms, such as fungi and

bacteria. With regard to wood chips, es-

pecially the propagation of fungi and bac-

teria in stored wood chips may be prob-

lematic, while dust is considered the

greatest risk factor involved in the hand-

ling of wood pellets.

Health Problems

Health problems in connection with the

handling of biofuels typically occur when

small particles are breathed in with the air

passing through the throat to the lungs.

Dust, fungal spores, and bacteria, are

generally the size of 1-5 μm i.e. 1-5 thou-

sandth mm. They are easily whirled up

and may be suspended in the air for a

long time. Besides the direct irritation of

the mucous membranes and lung tissue,

many fungal spores and bacteria cause

allergy.

The typical symptoms are respira-

tory trouble, colds, fever, shivers, cough,

headache, muscle pain, pain in the joints,

stomach trouble, loss of weight, and

general malaise and tiredness. Disease

caused by breathing in bacteria and

fungal spores may be either acute or

chronic.

Acute Disease

The acute disease is often termed ODTS

or “organic dust toxic syndrome”. This dis-

ease typically occurs when exposed to a

high concentration of spores and/or dust

in the air, often amounting to 9-10 million

particles per litre of air or more. By way of

comparison, it may be mentioned that air

normally contains 10-30,000 spores per

litre /ref. 30/. The ODTS is characterised

by symptoms like those of influenza,

such as fever, shivers, muscle pain, pain

in the joints, perhaps accompanied by

cough and slight difficulty in breathing.

The symptoms often occur 4-8 hours af-

ter exposure and they seldom last longer

than 1-3 days. The disease does not re-

Figure 23: Wood chip storage with crane for the feeding of the wood chip boiler furnace at

Harboøre. The crane can be automatically controlled and monitored from a screened con-

trol room.
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Phosphorus (P) 13 kg

Potassium (K) 48 kg

Calcium (Ca) 137 kg

Magnesium (Mg) 17 kg

Iron (Fe) 12 kg

Sodium (Na) 20 kg

Manganese (Mn) 13 kg

Table 11: The content of plant nutrients

in kg per tonne of dry crude ash /ref.

12/.
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quire treatment and does not cause per-

manent injury, but repeated exposures

should be avoided. The reasons are both

the unpleasant symptoms and sickness

absence suffered by the victim, and also

the risk of developing a chronic disease

/ref. 31, 32/.

Chronic Disease

The chronic bronchial problems are nor-

mally named after the connection in

which they originally occurred, i.e.

thresher lung. The international name of

the chronic disease is “allergic alveolitis”

(AA), i.e. an allergic reaction in the lung

tissue. This does normally not occur be-

fore having been exposed to air with an

average content of fungal spores or bac-

teria, generally at least 2-3 million mi-

cro-organisms per litre of air for a pro-

longed period of time. Among the most

important symptoms of AA are respira-

tory trouble, cough, fever, and loss of

weight, perhaps accompanied by a com-

bination of the other symptoms. As with

ODTS, the symptoms do not occur until

6-8 hours after exposure. The disease

often develops insidiously, and it gradu-

ally becomes a chronic disease that is

aggravated if the person is again ex-

posed to fungal spores and bacteria

/ref. 33, 31/.

The chronic disease is very rare and

probably requires a predisposition in the

victim. When occurring, however, the con-

sequences are rather serious. This is due

to both the permanent injuries of the lungs

and that AA often causes a higher sensi-

tivity to micro-organisms in the air /ref.

33/. The symptoms and illness may then

occur at lower spore concentrations than

those originally causing the disease. Per-

sons with allergic alveolitis may thus be

forced to find a new job that does not in-

volve the risk of being exposed to spores.

Allergic alveolitis must be reported to The

National Board of Industrial Injuries.

Hazardous Working

Processes

If wood chips are used shortly after chip-

ping, problems with micro-organisms will

seldom occur. The storage of wood chips

in the forest or at heating plants will nor-

mally be in the form of uncovered chip

piles, in the forest also covered with tar-

paulins or plastic. It is wood chips from

such storages that may cause working

environment problems due to bacteria

and fungal spores.

Wood pellets consist of shavings

and sawdust in compressed form. Dust

problems are assumed to be associated

with the handling of wood pellets, but the

issue has not been further investigated.

Anyhow, a range of working situations in-

volving the risk of problems in connection

with dust and micro-organisms can be

pointed out in relation to both wood chips

and wood pellets.

• During the moving of chip storages in

forests and at heating plants, a tractor

or tractor loader may often be used. As

the wood chips are lifted, spores and

bacteria are whirled up in the air. With-

out an enclosed cabin, the driver will be

exposed to micro-organisms in the air.

The same applies to the unloading of

wood chips.

• When wood chips arrive at the heating

plant, samples are taken for the deter-

mination of the moisture content. Sam-

pling is done by a shovel by which the

chips are taken out from the loaded or

unloaded pile. The person taking out

the samples is exposed to micro-

organisms in the air.

• The indoor wood chip storage is no

doubt the place with most dust and

most micro-organisms in the air. The

feeding of wood chips into the heating

system is normally performed by

means of an automatic crane, and the

process can be monitored from outside.

Staying in the wood chip storage takes

place only in connection with repair

work or the solution of other problems.

Persons who are staying in the wood

chip storage are therefore highly ex-

posed to the risk of breathing in large

amounts of particles if not protected.

• In small wood chip heating systems,

the feeding system of the furnace is of-

ten manual, and wood chips are moved

from the intermediate storage by tractor

or manually. Persons who perform this

work frequently run a certain risk of be-

ing exposed to pathogenic amounts of

dust and micro-organisms. Locating

wood chip storages in connection with

dwellings should definitely be avoided.

• If wood chips are stored in silos, ensi-

lage processes may occur, thereby us-

ing up the oxygen of the air so that ni-

trous gases are formed.

• For wood pellets, dust problems may

be expected during unloading, moving,

and during the loading of the wood pel-

lets into the heating system.

Countermeasures

If wood chips have been stored (for a

long time) under conditions encouraging

the growth of fungi and bacteria, the per-

sons handling the chips should be pro-

tected. This applies to both storage in the

forest and at the consumer’s place. The

Figure 24: Worker at Måbjergværket wearing P3 filter respirator for toxic particles dur-

ing the cleaning of machinery.

p
h

o
to

:
n

ils
ro

s
e

n
v
o

ld

Environmental Issues During the Production and Handling of Wood Fuels

Page 30 Wood for Energy Production



same applies if wood pellets cause dust

problems.

The first step is to find the places and

work situations involving elements of risk.

The scope of the problem may perhaps be

assessed by means of a spore trapping test.

Wood chips undergoing a heavy attack by

mould fungi often discharge a “mouldy”

odour. The next step is to distinguish be-

tween the long-time effect of moderate to

high spore levels and the effect of a large

amount of spores for a short period of time.

Where the constant presence of

suspended dust and harmful micro-

organisms in the air may be expected,

working processes should be automated

so as to be performed or controlled from

screened areas. The indoor storage with

a crane feeding the heating system is

probably the most important place to iso-

late from employees at the heating plant.

To accomplish this task, monitoring

takes place from enclosed areas in which

the air pressure is kept slightly above the

atmospheric standard. Alternatively, the

air from the wood chip storage may bee

drawn into the boiler furnace, thereby

creating a slight negative pressure.

Shielding is not possible in practice

during sampling for the determination of

moisture content or during unloading. In

these instances, the persons involved

should be equipped with a personal respi-

ratory protection equipment. Truck drivers

who frequently transport wood chips

should be informed about the problem.

In relation to chip-fired plants, it is of

great importance to inform about the

problem of dust and micro-organisms. Al-

ready during installation, the subject

should be in focus in order for the boiler

and the storage to be located appropri-

ately in an extension, and so that the

manual handling will be reduced. The

ventilation system should be designed so

as to drive spores out of areas, fre-

quented by the operators during

day-to-day work. A course instructing in

how to use individual protection equip-

ment would be useful.

Crane repair work in indoor storage

is an example of a task during the perfor-

mance of which the person is staying for

a short period of time in an area with high

dust and spore concentrations. Persons

involved should be equipped with a P3 fil-

ter respirator for toxic particles. This

equipment is typically portable, i.e. with

filter and fan attached to a belt. Persons

who often work in polluted environments,

or who are hypersensitive, should be

equipped with a breathing apparatus with

fresh air supply. These consist of a unit

with a compressor at a fixed place in the

building and an air supply hose that can

be connected at different places. During

working in silos with wood chips, a

breathing apparatus and a life line should

be used /ref. 34/.

As individual protection equipment

typically is unpleasant to wear, it should

only be used during short-time exposures.

Protection equipment is no solution to a

constant level of pollutants, such as dust

and spores. In that respect, measures

should be taken in the form of changes in

working conditions and ventilation.
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Efficient and complete combustion is

a prerequisite of utilising wood as an

environmentally desirable fuel. In ad-

dition to a high rate of energy utilisa-

tion, the combustion process should

therefore ensure the complete de-

struction of the wood and avoid the

formation of environmentally undesir-

able compounds.

In order for combustion to continue, there

are certain basic conditions to be com-

plied with /ref. 35/.

• An adequate mixture of fuel and oxy-

gen (air) in a controlled ratio should be

ensured.

• The fire already started in the boiler fur-

nace should transfer some of its heat to

the infeed in order to ensure a continu-

ous combustion process.

It is important to understand that gases

burn like flames, that solid particles glow,

and that during the combustion of wood,

approx. 80% of the energy is released in

the form of gas and the remaining part

from the charcoal.

During mixing of the fuel and air, it is

important to achieve good contact be-

tween the oxygen of the air and the com-

bustible constituents of the wood. The

better the contact is, the faster and more

complete is the combustion. If the fuel is

in the form of gas, such as natural gas,

the mixing is optimal, since we have two

gaseous substances that can be mixed

to exactly the desired ratio. The combus-

tion may then occur rapidly, and thus the

control is fast too, since we can introduce

more or less fuel. In order to achieve ap-

proximately the same situation with

wood, it may be necessary to pulverise

the wood to very small particle size (like

that of flour). These fine particles will fol-

low the movements of the air. A good

mixture can thus be achieved with a com-

bustion resembling a gas or oil flame.

The production of wood powder is very

expensive, though, and therefore wood

powder is only used to a limited extent in

Denmark. In practice, fuel is therefore

marketed in sizes varying from wood

chips to logs.

Firing technology for wood and

other solid fuels is thus difficult and more

complicated than for example the firing

6. Theory of Wood Firing

Theory of Wood Firing

technology in a natural gas or oil-fired

heating system.

Stages of Combustion

In order for combustion to occur, the fuel

must pass through three stages, which

are shown in Figure 25.

• Drying

• Gasification and combustion

• Charcoal burnout

When wood is heated, water begins

evaporating from the surface of the

wood. Hence two things occur: Gasifica-

tion occurs at the wood surface - pyroly-

sis (the heating of a fuel without the intro-

duction of gasification medium, i.e. oxy-

gen and water, is termed pyrolysis) - and

the temperature deeper inside the wood

will increase resulting in evaporation of

moisture from the interior of the wood. As

the water evaporates and is passed

away, the area that is pyrolysed spreads

into the wood.

The gas thus produced is ignited

above the fuel and transfers heat to the

ongoing evaporation and pyrolysis. The

combustion process is continuous. The

gasified wood becomes glowing char-

coal, transformed by oxygen, until only

ash is left.

Fuel Size

The larger the fuel particle is, the longer

is the combustion process. Imagine a

handful of sawdust quickly burning if it is

thrown into a hot fire. There is a good

contact between fuel and air, since the

small particles quickly dry, give off gases

and burn, resulting in a high combustion

intensity.

If instead you throw a log into a hot

fire, it will take a long time before it is

burnt out. It can be compared to a roast

that is put in the oven. Although it has

roasted for an hour in the oven, it is still

raw in the middle. The size of the fuel,

therefore, is of great importance to the

speed of combustion.

Moisture Content

The moisture content in fuel reduces the

energy content expressed by the calorific

value, Hn,v (see Chapter 4), since part of

the energy will be used for evaporation of

the water. Dry wood has a high calorific

value, and the heat from the combustion

should be drawn away from the combus-

tion chamber in order to prevent over-

heating and consequent damage to ma-

terial. Wet wood has a low calorific value

per kg total weight, and the combustion

chamber should be insulated so as to

Gasification and combustion

Wood
particle

Drying

Ash

Charcoal burnout

Figure 25. A wood particle combustion route. The green wood particle undergoes dry-

ing and gasification, thereby producing flames. The particle burns out and ends as an

ash particle /ref. 36/.
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avoid reduction in boiler efficiency and

enable a continuous combustion pro-

cess. This is typically accomplished by

using refractory linings round the walls of

the chamber so as to conserve the heat

which is generated. The boiler chamber

will therefore normally be designed for

burning wood within a certain moisture

interval.

A moisture content in wood above

55-60% of the total weight will make it

very difficult to maintain the combustion

process.

Ash Content

The fuel contains various impurities in the

form of incombustible component parts -

ash. Ash itself is undesirable, since it re-

quires purifying of the flue gas for particles

with a subsequent ash and slag disposal

as the result. The ash contained in wood

comes primarily from soil and sand ab-

sorbed in the bark. A minor proportion

also comes from salts absorbed during

the period of growth of the tree.

The ash also contains heavy met-

als, causing an undesirable environmen-

tal effect, but the content of heavy metals

is normally lower than in other solid fuels.

A special characteristic of ash is its

heat conservation property. For wood

stoves, the ash layer at the bottom of the

stove forms a heating surface, transfer-

ring heat to the final burnout of the char.

For heating systems using a grate, the

ash content is important in order to pro-

tect the grate against heat from the

flames.

Wood also contains salts that are of

importance to the combustion process. It

is primarily potassium (K) and partly so-

dium (Na), based salts resulting in sticky

ash which may cause deposits in the

boiler unit. The Na and K content in wood

is normally so low that it will not cause

problems with traditional heating technol-

ogies (se table 13).

Volatiles

Wood and other types of biomass contain

approx. 80% volatiles (in percentage of

dry matter). This means that the compo-

nent part of wood will give up 80% of its

weight in the form of gases, while the re-

maining part will be turned into charcoal.

This is one reason why a sack of char-

coal seems light compared to the visual

volume. The charcoal has more or less

kept the original volume of the green

wood, but has lost 80% of its weight.

The high content of volatiles means

that the combustion air should generally

be introduced above the fuel bed (sec-

ondary air), where the gases are burnt,

and not under the fuel bed (primary air).

Excess Air

A given fuel requires a given amount of

air (oxygen) in order to be converted

stoichiometrically, i.e. the amount of ex-

cess air � (lambda) should be equal to 1.

The fuel is converted stoichiometrically

when the exact amount of oxygen that is

required for the conversion of all of the

fuel under ideal conditions is present. If

more oxygen is introduced than an

amount corresponding to � is equal to 1,

oxygen will be present in the flue gas. At,

e.g. � is equal to 2, twice as much air is

introduced as necessary for the combus-

tion of the fuel.

In practice, combustion will always

take place at an excess air figure higher

than 1, since it is not possible to achieve

complete combustion at a stoichiometric

amount of air. In Table 14, the typical ex-

cess air figures are shown together with

the corresponding, resulting oxygen per-

centage in the flue gas.

As shown in Table 14, the excess air

figure depends to a high extent on the

heating technology and to some extent

on the fuel.

Environment

The fuel has an influence on the combus-

tion efficiency. At complete combustion,

Wood

chips

Straw

(wheat)

Variation according to spec.

Beech Pine Spruce

Carbon C % of DM 50 47.4 49.3 51 50.9

Hydrogen H % of DM 6.2 6 5.8 6.1 5.8

Oxygen O % of DM 43 40 43.9 42.3 41.3

Nitrogen N % of DM 0.3 0.6 0.22 0.1 0.39

Sulphur S % of DM 0.05 0.12 0.04 0.02 0.06

Chlorine Cl % of DM 0.02 0.4 0.01 0.01 0.03

Ash a % of DM 1 4.8 0.7 0.5 1.5

Volatiles % of DM 81 81 83.8 81.8 80

Actual calorific value MJ/kg DM 19.4 17.9 18.7 19.4 19.7

Typical content % 35-45 10-15

Actual calorific value MJ/kg 9.7-11.7 14.8-15.8

Table 12: Fuel data for wood chips and a comparison with straw. Note that the ele-

ments of dry matter (DM) in the wood vary both with species and the conditions of

growth. As an example, Table 10 illustrates the variation between beech, pine wood,

and spruce. For wood chips the bark fraction contains approx. 6% ash and the wood

fraction only approx. 0.25% ash /ref. 37, 38/.

% of DM

Potassium (K) 0.1

Sodium (Na) 0.015

Phosphurus (P) 0.02

Calcium (Ca) 0.2

Magnesium (Mg) 0.04

Table 13: Typical mineral fractions in wood

chips expressed in percentage of the dry

matter (DM) of the wood. Compared to

straw, the K content in wood chips is

approx. 10 times lower /ref. 37, 38/.

Excess air
ratio �

O2

dry (%)

Fireplace
open

>3 >14

Wood
stove

2.1-2.3 11-12

District heating
forest chips

1.4-1.6 6-8

District heating
wood pellets

1.2-1.3 4-5

CHP wood
powder

1.1-1.2 2-3

Table 14: Typical excess air figures, �,

and the resulting oxygen content in the

flue gas /ref. 8/.
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carbon dioxide (CO2) and water (H2O)

are formed. An incorrect mixture of fuel,

type of heating system, and introduction

of air may result in an unsatisfactory utili-

sation of the fuel and a consequent un-

desirable environmental effect.

An efficient combustion requires

sufficient:

• High temperature

• Excess oxygen

• Combustion time

• Mixture

This ensures a low emission of carbon

monoxide (CO), hydrocarbons, polyaro-

matic hydrocarbons (PAH), and a small

amount of unburned carbon in the slag.

Unfortunately, these conditions (high

temperature, a high amount of excess

air, long combustion time) are also di-

rectly related to the formation of NOx.

The technology applied should therefore

be a so-called “low-NOx” technology, i.e.,

Figure 26: Ideal

combustion of wood

takes place at an ex-

cess air figure � be-

tween 1.4 and 1.6.

The oxygen percent-

age in the flue gas

will thus be 7.5%.

The curve illustrates

that the carbon diox-

ide percentage is

approx. 13% and

the excess air 1.5.
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a technology applying methods resulting

in a reduced NOx emission.

In addition to CO2 and H2O, the flue

gas will contain air (O2 , N2 and Ar) and a

high or low amount of undesirable reac-

tion products, such as CO, hydrocar-

bons, PAH, NOx etc.
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The present number of small boilers

for solid fuel in Denmark is approx.

80,000 of which approx. 70,000 are

fired with firewood, wood chips, or

wood pellets. In addition to that, there

are approx. 300,000 wood stoves.

Since the introduction of the state-sub-

sidised scheme for approved boilers

for solid fuels in 1995, more than 8,000

subsidised systems have been in-

stalled. In addition to that, 3,000-4,000

systems have been installed without

subsidies. Approx. 30% of the new in-

stallations are manually fired boilers

for fuelwood with storage tank. The

efficiency of many of the old boilers is

insufficient and emissions too high.

Thus it would be advantageous to re-

place them by new approved boilers.

Destinctions should be made between

manually fired boilers for fuelwood and

automatically fired boilers for wood chips

and wood pellets. Manually fired boilers

should be installed with storage tank so

as to accumulate the heat energy from

one infeed of fuel (a full magazine). Auto-

matic boilers are equipped with a silo

containing wood pellets or wood chips. A

screw feeder feeds the fuel simulta-

7. Small Boilers
neously with the output demand of the

dwelling.

Great advances have been made

over the recent 10 years for both boiler

types in respect of higher efficiency and

reduced emission from the chimney (dust

and carbon monoxide (CO)). Improve-

ments have been achieved particularly in

respect of the design of combustion

chamber, combustion air supply, and the

automatics controlling the process of

combustion. In the field of manually fired

boilers, an increase in the efficiency has

been achieved from below 50% to

75-90%. For the automatically fired boil-

ers, an increase in the efficiency from

60% to 85-92% has been achieved.

Nominal output

The boiler nominal output (at full load)

can be calculated on the basis of the

known annual consumption of oil or the

floor space and age of the dwelling (and

insulation).

Manually Fired Boilers

The principal rule is that manually fired

boilers for fuelwood only have an accept-

able combustion at the boiler rated out-

put (at full load). At individual plants with

oxygen control, the load can, however,

be reduced to approx. 50% of the nomi-

nal output without thereby influencing

neither the efficiency nor emissions to

any appreciable extent. By oxygen con-

trol, a lambda probe measures the oxy-

gen content in the flue gas, and the auto-

matic boiler control varies the combus-

tion air inlet. The same system is used in

cars. In order for the boiler not to need

feeding at intervals of 2-4 hours a day,

during the coldest periods of the year, the

fuelwood boiler nominal output is se-

lected so as to be up to 2-3 times the

output demand of the dwelling. This

means that the boiler efficiency figures

shown in Figure 27 and 28 should be

multiplied by 2 or 3 in the case of manu-

ally fired boilers.

Boilers designed for fuelwood

should always be equipped with storage

tank. This ensures both the greatest

comfort for the user and the least finan-

cial and environmental strain. In case of

no storage tank, an increased corrosion

of the boiler is often seen due to varia-

tions in water and flue gas temperatures,

and in addition to that, the manufacturer
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Figure 27: Boiler nominal output based on an annual consump-

tion of oil in a relatively new, well-insulated dwelling. Output for

hot water and loss (2 kW) included. If an oil-fired furnace is also

installed, it will be sufficient to, install a boiler for 75% of the out-

put demand in the case of automatic boilers. Thereby a more

stable operation is achieved during the summer /ref. 39/.

Figure 28: Boiler nominal output based on the age of the dwell-

ing and floor space to be heated. If a relatively old dwelling is

re-insulated, an estimated reduction in the boiler nominal output

should be made. As shown in Figure 15, an oil-fired furnace

may be installed /ref. 39/.

Small Boilers

Wood for Energy Production Page 35



warranty may also lapse. The size of the

storage tank can be determined on the

basis of Figure 30.

Automatically Fired Boilers

Despite an often simple construction,

most of the automatically fired boilers

can achieve an efficiency of 80-90% and

a CO emission of approx. 100 ppm (100

ppm = 0.01 volume %) . For some boil-

ers, the figures are 92% and 20 ppm, re-

spectively. An important condition for

achieving these good results is that the

boiler efficiency during day-to-day opera-

tion is close to full load.

For automatic boilers, it is of great

importance that the boiler nominal output

(at full load) does not exceed the max.

output demand in winter periods. In the

transition periods (3-5 months) spring

and autumn, the output demand of the

dwelling will typically be approx. 20-40%

of the boiler nominal output, which means

a deteriorated operating result. During the

summer period, the output demand of the

dwelling will often be in the range of 1-3

kW, since only the hot water supply will be

maintained. This equals 5 -10% of the

boiler nominal output. This operating

method reduces the efficiency - typically

20-30% lower than that of the nominal

output - and an increased negative effect

on the environment. The alternative to the

deteriorated summer operating is to com-

bine the installation with a storage tank,

oil-fired furnace, electrical power heated

hot water supply or solar heat.

Type Testing of Small

Biofuel Boilers

So far, there has been no tradition in

Denmark for systematic type testing of

heating systems for solid fuels - apart

from boilers for straw that have been type

tested at Research Centre Bygholm,

Horsens, in connection with previous

subsidy schemes. The market for small

heating systems has been uncontrolled,

i.e. so far there have been no statutory

requirements in respect of type testing of

energy, environmental, or safety proper-

ties. The only statutory requirements are

safety requirements laid down in the Di-

rectory of Labour Inspection Publication

No. 42 /ref. 40/, dealing with safety sys-

tems for fired hot-water systems, and in

Brandteknisk vejledning nr. 32 /ref. 41/,

Figure 29: “X-ray” of manually fired

boiler. The magazine is almost half full of

fuelwood, and the combustion is in the

form of downdraft combustion, i.e., the

burning gases pass down through a lined

chamber, where the combustion is com-

pleted. The combustion air is introduced

through inlets in the gate and is pre-

heated. The flue gases move backwards

and pass the tubes (the convection unit).

The tubes are equipped with spirals so

as to increase the amount of heat being

given off to the boiler water. An exhaust

fan at the back of the boiler ensures a

correct negative pressure in the combus-

tion chamber.

0

2,000

4,000

6,000

8,000

0 25 50 75 100 125 150
Silo or tank storage capacity in litres

Storage tank (litres)

Cereals, wood pellets (automatically fired boiler)

Handwood, fuelwood (manually fired boiler)

Softwood, fuelwood (manually fired boiler)

Figure 30: When

knowing the boiler

magazine size (i.e.

the unit of the boiler

that is filled with

fuelwood), the nec-

essary size of the

storage tank can be

determined /ref. 39/.

dealing with fire protection of equipment

and boiler room.

With the introduction of the subsidy

schemes for small biofuel boilers in 1995,

type testing immediately became of great

interest to the manufacturers. This is due

to the Danish Energy Agency requiring

as a precondition for granting subsidies a

type approval of the boiler in order for it

to comply with a wide range of require-

ments in respect of low emissions and

high energy utilisation. The type testing

was carried out at the Test Laboratory for

Small Biofuel Boilers in accordance with

test directions setting out in detail the

guidelines for testing, and the require-

ments to be met in order to achieve a

type approval. The directions are drafted

on the basis of recommendations for a

joint European standard for solid fuel

systems. However, the requirements in

respect of efficiency and emissions have

been made more rigorous and grouped

according to firing technology (manual or

automatic) and fuel type (straw or wood).

The requirements are established in a

joint collaboration between the manufac-

turers of biofuel boilers, the Test Labora-

tory for Small Biofuel Boilers, the Danish

Energy Agency, and the Danish Environ-

mental Protection Agency /ref. 42/.

The type testing can be carried out

on the basis of various fuels, e.g.: Fuel-

wood, straw, wood pellets, wood chips,

cereals, or sawdust/shavings. The type

approval only applies to the fuel that was

used during the testing. The scheme ap-

plies to automatic boilers up to 250 kW
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Figure 31: Automatic chip-fired system.

The chips are loaded onto a conveyor

and screw feeder from the silo, then pass

onto the grate, where the combustion

takes place. The movements of the grate

push the ash towards the ash chute and

further out with the ash conveyor. The

flue gases are cooled by passing through

the tubes that are surrounded by boiler

water.

and for manually fired (batch-fired) boil-

ers up to 400 kW. By raising the level to

400 kW, a reasonable combustion time is

achieved for big bales for boiler systems

for farms. A list of type-approved systems

is published approx. 5 times per year

/ref. 43/.

The values for CO emission, dust

emission, and efficiency are determined

during the type testing as the mean value

over 2 x 6 hours at nominal output. The

nominal output should be stated by the

manufacturer and is an expression of the

boiler optimal output with the efficiency

being high and emissions low.

In addition to testing at nominal out-

put, type testing also includes testing at low

load, which is max. 30% of the nominal

output. The requirements in respect of dust

emissions and CO-emission are listed in

Table 15, while the efficiency should at

least be such as listed in Figure 32.

Other important requirements are:

• Securing against backfire/burn-back in

magazine (e.g. mechanical damper or

by sprinkling with water).

Screw conveyor

Screw feeder

Primary and secondary air

Step grate

Firebrick combustion

chamber

Tubes

Ash conveyor

gate feeder
Rotary

Fuel Feeding Standard to be applied

Wood Automatic DS/EN 303-5 class 3

Cereals Automatic DS/EN 303-5 Class 3 except for dust

Straw Automatic and manual DS/EN 303-5 Class 2 except for dust

Wood Manual DS/EN 303-5 Class 2

Table 15: Standards to be applied at testing small biomass boilers /ref. 44/.

• Max. allowable surface temperatures.

• Leakage tightness so as to prevent flue

gas penetrating into the room.

• Documentation, e.g. technical informa-

tion, operating and installation manual

etc.

The subsidy scheme applies to biofuel

boilers that are installed in areas without

district heating supply. The subsidy per-

centage is calculated on the basis of the

testing result, and the amount of money

is calculated in proportion to the con-

sumer’s expenses for boiler plant and in-

stallations. The subsidy scheme is ad-

ministered by the Danish Energy Agency.

Experiences and Future De-

velopmental Requirements

Since the introduction and implementa-

tion of systematic type testing in 1995, a

wide range of experiences has been ac-

quired from small heating systems. It was

obvious at the beginning that many man-

ufacturers were marketing heating sys-

tems, whose output exceeded by far the

heat demand of ordinary dwellings. This

resulted in an obvious disparity between

the actual demand of the consumers and

the supply of heat by the heating systems

with an output of less than 20 kW. The

situation has changed since then, and

the greater number of manufacturers by

far now offer systems with outputs in the

range of 10-20 kW, or are developing

new systems. The small systems are of-

ten designed for wood pellets or perhaps

for cereals.

There is still a need for improve-

ments of boiler efficiencies. Several con-

cepts are being developed at present,

e.g.:

• Improvements of the boiler convection

unit so as to reduce the flue gas tem-

perature from the present 250-300 °C

to 150-200 °C.

• Improvements of the lining (for wet fu-

els) and the design of air nozzles so as

to keep constant the excess air and

CO, contained in the flue gas thus at

the same time contributing to reduce

dust emissions. Note that dust emis-
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Small Boilers

Figure 32: Minimum efficiencies depending on the type of system. An automatic 20 kW

system for wood should have an efficiency of at least 77.5% in order to be type approved.

sions do not always depend on the

combustion. Variations in fuel quality

may result in variations in emissions.

• Improvements of the boiler control

equipment so as to ensure an environ-

mentally desirable and energy efficient

optimal operation at the same time as

being highly user-friendly requiring only

minimal weekly attendance. Note that

several boilers have advanced controls

with several output options, and some-

times also oxygen control which to a

high extent can handle the variations in

consumption in a typical central heating

installation. The Danish Energy Agency

is funding a research and development

project aiming at developing an inex-

pensive, universal oxygen control unit

that can be adapted to the majority of

small boilers on the market.

• Improvements of the low-load proper-

ties so as to maintain an acceptable

operation during the summer period.
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8. District Heating Plants
The term district heating plants refers

to plants with own generation of heat,

but without power generation. The

heat is distributed to a district heating

system to which all consumers living

within the system have the opportu-

nity of being connected.

The use of forest chips at district heating

plants has increased significantly since

the first systems came into operation at

the beginning of the 1980s. While there

were only three wood chip-fired district

heating plants in 1984, the number has

increased to approx. 50 plants today. The

consumption of wood chips in the same

period has increased to approx. 725,000

m3 l. vol per year which is equal to an

amount of energy of approx. 1,800 TJ. At

the end of the publication, there is a list

of wood chip-fired district heating plants

in Denmark.

Seen in an international perspective,

the use of wood chips at district heating

plants has increased tremendously dur-

ing a relative short period of time. Only in

few other countries, such as Sweden,

Finland, and Austria, has the use of

wood chips at district heating plants in-

creased more than in Denmark.

Wood chip-fired district heating

plants are established either in order to

replace oil- or coal-fired district heating

plants, connected to old district heating

systems, or as new plants and systems

(the so-called “urbanisation” projects).

Wood chip-fired boilers at Danish district

heating plants are designed for the gen-

eration of heat in the range of 1 MW and

10 MW; the average being 3.5 MW.

Subsidies are granted under the

State-Subsidised Promotion of Decen-

tralised Combined Heat and Power and

Utilisation of Biomass Fuels Act /ref. 45/.

It is obvious that this is financially benefi-

cial to these projects, and it is assumed

that the subsidy scheme is of great im-

portance to the continuos enlargement of

the district heating supply based on bio-

mass. “Urbanisation” projects are started

from scratch. The heating plant, the dis-

trict heating system and the consumer

service installations thus all have to be

established. These plants require a con-

siderable total investment and have typi-

cally been implemented in small commu-

nities, wherefore wood chip-fired boilers

used here are smaller than the average

of 3.5 MW mentioned above.

About 7 to 9 manufacturers in Den-

mark are making turn-key wood chip-fired

district heating systems. In addition a

large number of manufacturers are sup-

plying small systems for farms and insti-

tutions or parts of systems (see List of

Manufacturers).

The biomass technology has re-

cently received increased interest by

trade compagnies and industries. This is

due to the fact that the compagnies no

longer can deduct energy and environ-

mental taxes on indoor heating. Trade

and industry are also offered the opportu-

nity of being granted subsidies from the

Danish Energy Agency for investments in

installations which may reduce emissions

of e.g. CO2 /ref. 46, 47/.

Choice of System Size

When deciding the size of a new chip-

fired system at a district heating plant, it

is necessary to know the annual heating

demand of the district heating system. It

is also necessary to know the changes in

the heating demand of the district heating

system per day and per year.

/Ref. 48/ describes how to decide

the boiler size in relation to the heating

demand of the district heating system.

The method is the same for straw and

wood chip plants, so the example in /ref.

60/ can be transferred directly to wood

chip-fired heating plants.

It is important for new district heat-

ing plants, in particular, to pay attention

to the distribution loss. In Danish District

Heating Association’s statistics from

1995/96, information is given on distribu-

tion losses for 19 wood chip-fired heating

plants. The average distribution loss in

that period was 26% with the highest dis-

tribution loss being 36% and the lowest

being 19%. There were approx. 3,300

degree days in 1995/96. When correcting

to a normal year, the average distribution

loss of the 19 plants is approx. 28%.

Plant Technology

The typical wood chip plant is con-

structed around a solid fuel boiler with

step grate or travelling grate. The boiler

has refractory linings round the walls of

the chamber in order to ensure the com-

bustion temperature despite the relatively

wet fuel. The plant designs are highly au-

tomated so that e.g. the feeding system

of wood chips from the storage onto the

grate is carried out by means of a com-

puter controlled crane that simulta-

neously keeps track of the storage.

Figure 33: When a district heating plant has its own outdoor storage as in Ebeltoft, it

seems as if the forest has entered the town. There are advantages in relation to man-

agement and economy, but it requires adequate distance to neighbours.
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All the systems have the same main

components:

• Wood chip storage

• Crane or other chip handling

• Feeding system

• Combustion chamber and boiler

• Flue gas purifying

• Flue gas condensation

• Chimney

• Handling of ash

The following describes the main princi-

ples of the technique that is typically

used at wood chip-fired district heating

plants.

Wood Chip Storage

The size of the fuel storage depends on

various factors, e.g. the contract made

with the fuel supplier. However, a storage

of wood chips that equals the consump-

tion of minimum 5 days and nights at

max. heat production should always be

available for the purposes of operation

during week-ends and for security of sup-

ply during extreme weather conditions.

Most plants settle for an indoor stor-

age and leave the handling of larger

storages to the suppliers of wood chips.

However, a few plants also have an out-

door storage of their own and may there-

fore receive a discount from the supplier

of wood chips. Due to the risk of sponta-

neous fire, the wood chips are piled to a

height of max. 7-8 metres, and this also

applies to indoor storages. Wood chip

storages are discussed in Chapter 3.

During work in the wood chip stor-

age, there may be a risk of breathing in al-

lergy-causing dust and micro-organisms,

such as fungi and bacteria. It must be

strongly recommended never to work

alone in wood chip silos. Working envi-

ronment issues are also discussed in

Chapter 5.2.

Handling of Fuel

The majority of operating problems expe-

rienced is no doubt caused by the plant

system for transport of wood chips from

storage to the feeding system. The entire

transport system from storage to boiler

should be viewed as a chain in which the

reliability of operation of the individual

links is equally important. The entire dis-

trict heating plant stops in case of a

“missing link” in the transport chain, e.g.

a defective crane wire.

Wheel Loader

At plants with outdoor storage, it is nor-

mal to use a wheel loader with a large

shovel for the transport of wood chips to

the indoor wood chip storage.

Crane Transport

Between the indoor wood chip storage

and boiler feeding system, a crane is of-

ten used for the transport of wood chips.

The crane is flexible, has a high capacity,

and is also the transport equipment that

best tolerates a poor wood chip quality.

However, it is important for the crane

shovel to be toothed. If not toothed, it is

difficult to fill and it easily turns over on

top of the pile. For relatively large plants,

the crane is also relatively inexpensive,

while it is a too expensive solution for

very small systems.

Hydraulic Push Conveyor

The hydraulic push conveyor is used for

unloading rectangular silos with level

floors. It is normally not as technically re-

liable as the crane solution. The hydrau-

lic push conveyor is relatively inexpen-

sive and is therefore particularly suitable

for small systems (0.1-1 MW boiler nomi-

nal output).

Tower Silos

Tower silos with rotating screw conveyor

should not be used for wood chips. The

silo is time-consuming to fill due to the

great tower height, and the mechanical

parts in the silo bottom are not very ac-

cessible for the purposes of maintenance

and repair work. Technical problems nor-

Figure 34: In Thyborøn the district heating is supplied by a 4 MW chip-fired boiler. The system flue gas condenser produces an addi-

tional 0.8 MW heat at 50% moisture contained in the wood chips.
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mally arise when the silo is full of wood

chips. Before starting any repair work, it

must be emptied - manually or preferably

with crane grab. For storage of wood pel-

lets, the equipment used in animal feed

industry is normally suitable.

Screw Conveyors

Conveyors are inexpensive, but vulner-

able to foreign matter and slivers. In

general, screw conveyors with bolted-

on top are recommended instead of

conveyors enclosed in tubes. The re-

commendation is easily understood af-

ter just one experience of manually

emptying of a tube conveyor blocked by

slivers or foreign matter. Similarly, it

may be considered erroneous project-

ing if screw conveyors are embedded in

concrete floors or otherwise located so

that repair work and replacement of

parts are impossible. Like other me-

chanical conveyors, screw conveyors

should be considered a part prone to

wearing and must be easily accessible

for maintenance work.

Correctly dimensioned, screw con-

veyors are an acceptable solution at

small plants (0.1-1 MW boiler nominal

output). But unless hardened steel is

used, normal wear and tear will result in

a relatively short life of the screw con-

veyor. Screw conveyors are seldom used

as transport equipment at large district

heating plants.

Belt Conveyors

Belt conveyors are rather insensitive to

foreign matter. At this point, they are

better than screw conveyors, but unless

equipped with barriers, the belt conveyor

cannot manage as high inclinations as

the screw conveyor. High price and dust

emissions (which may necessitate cover-

ing) are the major drawbacks of the belt

conveyor.

Pneumatic Conveyors

In general, wood chips are not suitable

for transport in pneumatic systems. If

wood chips are available in a particularly

uniform size, however, transport by pneu-

matic conveyors may be a possibility, but

the energy consumption of pneumatic

conveyors is great.

Feeding Systems

There are several types of feeding sys-

tems for wood chip-fired boilers. The

choice of feeding system depends on the

size of the plant and whether the use of

other solid fuels than wood chips is de-

sired.

Hydraulic Feeding System

Many plants use this quite reliable feed-

ing system. Wood chips fall from a hop-

per into a horizontal, square box, from

where hydraulic feeding devices force

wood chips on to the grate. The con-

struction of the system is of decisive im-

portance to its reliability. If correctly de-

signed as most often seen today, it is

among the best feeding systems for

wood chips.

Stoking

Small systems (0.1-1 MW boiler nominal

output) often have screw stokers feeding

the boiler. At some plants, the screw

stoker is positioned across the longitudi-

nal direction of the grate. This gives a

good distribution of the fuel over the

width of the grate.

Grate with Feed Hopper

Some wood chip plants have a simple

hopper that feeds the wood chips on to

the grate. The system is known from

coal-fired boilers with travelling grate and

requires that the height of the wood chips

in the hopper will be high enough so as

to function as an airtight plug between

the feeding system and the boiler. The

problem of the blocking of the hopper

can be remedied by an appropriate de-

sign of the hopper, and as a last resort by

mechanical stirring/scraping systems.

Spreader Stoker

Wood chips are thrown into the combus-

tion chamber by a rotating drum in a

spreader stoker. Only a few plants use

the system.

Pneumatic Stoker

Wood chips are blown into the combus-

tion chamber and fall on to the grate.

Spreaders and pneumatic stokers are of-

ten used in connection with combustion

of wood chips with a high moisture con-

tent.

Combustion Chamber and

Boiler

Wood chips are introduced for combustion

on the grate in the combustion chamber

that is often situated immediately below

the boiler. The most common type of grate

in wood chip-fired systems in district heat-

ing plants is the step grate/inclined grate

and the chain grate/travelling grate. For

both grate types, the primary air that is

needed for the combustion is supplied

from underneath the grate and passed up

through the grate.

The step grate has the advantage

that wood chips are turned upside down

Figure 35: Mist eliminator in brilliant blue and insulating jackets with glittering surfaces

situated on the flue gas condenser. The boiler room at Græsted Varmeværk being

demonstrated to a foreign visitor look like a “sittingroom”.
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when tumbling down the “steps”, which

increases the air mixing and burnout.

The travelling grate is known from

coal-fired systems. There the wood chips

lie without moving in a uniform layer,

whose thickness is controlled by a sliding

gate. During combustion the grate and

the chips move towards the ash chute.

Air for combustion is introduced by

two air fans in the form of primary and

secondary air (see Chapter 6). For the

combustion of moist wood chips, the

combustion chamber has refractory lin-

ings round the walls. This insulation en-

sures a high combustion temperature

and suspended arches radiating heat to

the wood chips. The amount and the de-

sign of the lining are factors of great im-

portance to the combustion quality during

the combustion of wet fuels. When firing

with dry fuels, e.g. wood pellets, the lin-

ing is of no benefit to the combustion

quality. Rather the opposite, since the

combustion temperature will be too high,

thereby risking soot in the flue gas and

grate slagging. Therefore, the type of fuel

and its water content should be deter-

mined before choosing installation.

Combustion Quality

Chapter 6 sets out in detail the require-

ments for a good combustion quality.

These requirements can be “boiled down

to” “the 3 T’s” (Temperature, Turbulence

and Time). The temperature should be

sufficiently high to enable efficient drying,

gasification, and combustion. Air and

combustible gases should be mixed ade-

quately (turbulence), and finally there

should be space and time for the gases

to burn out before they are cooled too

much by the boiler water.

Boiler

The flue gases pass from the combustion

chamber to the part of the boiler, where

the heat is given off to the circulating

boiler water. Most often, the boiler is situ-

ated above the grate. The flue gas flows

inside the tubes that are water cooled on

the outside surface.

In small systems, the combustion

unit and the boiler may be completely

separated, since wood chips are burnt in

a separate pre-combustor, from where

the flue gases are passed into the boiler.

In the boiler unit or as a section af-

ter this unit, an economiser may be in-

stalled that cools the flue gas down to a

temperature of approx. 100 °C. The in-

creased cooling improves the efficiency.

The boiler room should be large enough

for repair work and for ordinary mainte-

nance work, including boiler purifying, to

be carried out in a proper way. The build-

ing round the boiler should be designed

so as to give room for purifying of the

boiler tubes and replacements of tubes.

With respect to the boiler life, it is impor-

tant that the temperature of the return

water to the boiler is sufficiently high. It is

recommended to keep a return water

temperature of at least 75-80 °C in order

to reduce the corrosion of the boiler

tubes in particular. The life of tubes var-

ies a lot at the various wood chip-fired

plants. In addition to the operating tem-

perature, the boiler life depends on the

operational patterns, fuel, combustion

quality, and choice of material.

Flue Gas Purifying - Fly Ash

The fly ash is the part of the ash that re-

mains in the flue gases on its way

through the boiler. Flue gas purifying is

first and foremost a question of reducing

the amount of fly ash emitted through the

chimney. The emission of other pollutants

is discussed later on in this chapter.

The fly ash is transported from the

flue gas purifying unit to the remaining

part of the ash system by screws. The

separation of fly ash from the flue gas

may be accomplished either by means of

multicyclone, bag filter, or other flue gas

purifying equipment.

The fly ash from the combustion of wood

consists primarily of relatively large parti-

cles that can be trapped by means of a

multicyclone. Most plants are equipped

with multicyclones. A well-dimensioned

system can purify to a level of approx.

200 mg/m3n /ref. 49/ (1 m3n is a normal

cubic metre, i.e., a cubic metre of gas

converted to standard conditions 0 °C

and 1 bar). Multicyclones that are inex-

pensive to buy and maintain, are used for

precleaning before the flue gas conden-

sation unit.

Bag filters can purify to a level of

10-50 mg/m3n. Normally, bag filters are

only capable of withstanding flue gas

temperatures of up to approx. 180 °C. In

order to avoid embers and sparks in the

bag filters, the flue gas must pass cy-

clones or a filter chamber situated before

the bag filters. Bag filters are automati-

cally deactivated if the max. temperature

or the max. value for the oxygen content

in the flue gas are exceeded.

Like the bag filter, the electrostatic

precipitator (ESP) cleans efficiently, but it

is more expensive to install in relatively

small wood chip-fired systems. However,

operating costs are lower, however, than

those of the bag filters. Bag filters, ESPs

etc. are not extensively used today at

wood chip-fired district heating plants.

Flue Gas Condensation

Flue gas condensation units are now in

general use in both new and existing sys-

tems. It is a technique that both purifies

the smoke/flue gas for particles to a level
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almost similar to that of bag filters at the

same time of increasing the energy effi-

ciency. Most of the Danish wood chip-

fired district heating plants have either

been delivered with flue gas condensa-

tion or have had the equipment installed

with the boiler system.

Like most other fuels, wood contains

hydrogen. Together with oxygen from the

air, the hydrogen is converted to water

vapour by combustion, and the water

vapour forms part of the flue gas together

with other products of combustion. Fur-

thermore, wood chips used at district

heating plants typically have a moisture

content of 40-55% of the total weight. By

the combustion, this water is also con-

verted to water vapour in the flue gas.

The flue gas water vapour content is

interesting because it represents unutil-

ised energy that can be released by con-

densation. The theoretical amount of en-

ergy that can be released by the conden-

sation of water vapour is equal to the

heat of evaporation for water plus the

thermal energy from the cooling.

When flue gas is cooled to a tem-

perature below the dew point tempera-

ture, the water vapour will start condens-

ing. The more the flue gas is cooled

down, the larger is the amount of water

that is condensed, and the amount of

heat that is released is increased. The

lowering in temperature from the normal

flue gas temperature of the system to

dew point temperature automatically in-

creases the heat output. The effect in-

creases, however, when the condensa-

tion starts, and the heat of evaporation is

released. Figure 36 illustrates in percent-

ages the increased generation of heat

that can be achieved by lowering the flue

gas temperature. The normal operating

situation that forms the basis of the cal-

culations is a flue gas temperature of 130

°C with CO2 being 12%. The various

lines in the figure illustrate various values

for the wood chip moisture content in

percentage of the total weight.

The curves show the theoretical im-

provement of the efficiency that can be

calculated on the basis of the moisture

content and the flue gas temperature.

Experiences acquired from condensation

units in operation indicate that an in-

crease in efficiencies can also be

achieved in practice /ref. 50/. Thus, the

annual efficiencies for almost all plants

are above 100% (based on the net calo-

rific value of the fuel which does not in-

clude the condensation heat).

The return water from the district

heating system is used for cooling the

flue gas. The water should be as cold as

possible. The flue gas cooling unit is

therefore the first unit the water passes

when it returns from the district heating

system.

Condensate

Condensate consists of water with a

small content of dust particles and or-

ganic compounds from incomplete com-

bustion. There is also a minor content of

mineral and heavy metal compounds,

and of chlorine and sulphur from the

wood.

The pH value of the condensate

varies a lot from system to system, and it

also varies with the operational pattern. A

typical value lies between pH 6-7, but

there have been measured pH values

from 2.7 to above 8. The dust particles

contained in the condensate affects the

pH value heavily. High pH values are

connected with large particle contents -

i.e. the fly ash seems to be alkaline/ba-

sic, and the majority of it by far is dis-

solved in the condensate. Indissoluble

particles only contribute 10%.

The condensate should be treated

before being discharged. The minerals

and heavy metals contained in wood,

such as cadmium that has been ab-

sorbed during the growth in the forest,

concentrate in the condensate and may

reach a level exceeding the limit values

for discharge. Investigations have shown

that the large amount of cadmium con-

tained in the condensate is found in the

condensate particles and not in dissolved

form in the water. The particles can be

removed from the condensate liquid by

filtering, so that the cadmium content is

reduced to below the limit values for dis-

charge /ref. 51/. This is the reason why

filtration equipment for the separation of

condensate particles is being installed in

an increasing number of plants right now.

After treatment and neutralisation, the

condensate is generally discharged into

the municipal sewage system.

When the flue gas leaves the flue

gas condenser, it should pass through an

efficient mist eliminator for the collection

of entrapped droplets, thereby avoiding

mist being carried further into the tube,

exhaust fan, and chimney.

The first prerequisite of success

with flue gas condensation is a return

flow temperature in the district heating

system that is so low that the vapour in

the flue gas can be condensed. In addi-

tion, the fuel should have a high moisture

content. Wetter fuel increases the overall

efficiency of the plant! This applies only

as long as the moisture content is not so

high as to result in incomplete combus-

tion. Forest chips with a moisture content

in the range of 40 and 50% are ideal for

systems with flue gas condenser.

The installation of flue gas condens-

ers may often make the installation of

Figure 37: Fly ash from the cyclone is stored in the ash container to the left, while bot-

tom ash from the heating plant is deposited in the large container.
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other equipment for flue gas purifying un-

necessary. If the installation of a bag filter

can be avoided, the money thereby

saved can often pay the investment in

the flue gas condensation unit. Conse-

quently, the energy saved is almost free.

Chimney

Before chimney and flue gas condenser

an exhaust fan is installed, which creates

negative pressure throughout the flue

gas passes of the heating system. A con-

trol device ensures that the exhaust fan

in interaction with the combustion air fans

keeps a preset negative pressure in the

combustion chamber. The exhaust fan

then forces the flue gas into the flue gas

condenser and the chimney. Individual

chimney heights should be determined

on the basis of the environmental re-

quirements. Further information about

chimney heights can be found in /ref. 52/.

For small plants with flue gas condenser,

the chimney should be designed so as to

avoid corrosion damage, i.e., glass fibre

or rust-proof materials should be used.

Soot emission from chimneys of

systems with flue gas condensation

causes problems at some heating plants.

The smoke is saturated with water

vapour. It also contains dissolved salts

and perhaps impurities from the flue gas

condensate, which may be deposited in

the chimney. Soot emission occurs when

the deposits in the chimney loosen and

are passed along with the flue gas flow.

Efficient mist eliminators, low velocities in

the chimney, and perhaps the installation

of a wash-down system in the chimney

can be recommended so as to eliminate

the problem /ref. 53/.

Handling of Ash

Wood chips contain 0.5-2.0% of the dry

weight in the form of incombustible min-

erals which are turned into ash in the

combustion process. The ash is handled

automatically at all district heating plants.

The manual work in connection with the

ash system is limited to ordinary inspec-

tions and intervention in case of opera-

tions stoppage. The composition of wood

ash means that slagging is not a wide-

spread phenomenon at wood chip-fired

heating plants.

The ash drops from the grate onto

an ash conveyor or other ash collection

system. The sludge from the flue gas

condensate contains a large amount of

heavy metal and is collected separately

for later disposal.

The ash system may be arranged

as a wet or dry ash system. A wet ash

system is a dual function system, since it

is efficient as a trap hindering false air

entering the boiler at the same time as

extinguishing glowing ash. A drawback of

the system is the heavy weight ash in the

ash container and the corrosion resulting

from the wet ash. The emptying of the

containers varies with the consumption of

wood chips, i.e., from approx. every sec-

ond week to once every three months.

Disposal

Ash contains the unburned constituents

of fuel, including a range of nutrients,

such as potassium, magnesium and

phosphorus, and it can therefore be used

as fertiliser in the forests if the content of

other substances that are problematic to

the environment is not too high. When

the biomass agreement is fully imple-

mented in the year 2005, the annual

amount of biomass ash produced will be

in the range of 80 to 100,000 tonnes.

With the amount of ash being that huge,

it is important to find a reasonable and

environmentally acceptable use of it,

thereby utilising the nutrients of the ash

in the best possible way.

Using the ash in agriculture requires

permission from the county. Applications

submitted to the county are being consid-

ered at the time of writing (at the begin-

ning of 1999), thereby also having regard

to the Department of the Environment

Executive Order No. 823 September 16,

1996 on Residual Products for Agricul-

tural Applications /ref. 54/. However, this

executive order is primarily directed to-

wards industrial residual products, sew-

age sludge, compost etc., and is not par-

ticularly suitable for the administration of

the application of ash. The low cadmium

limit values make it difficult for biomass

heating plants to comply with the execu-

tive order, and the use of the ash has

therefore to a high extent been based on

exemptions granted by The Danish Envi-

ronmental Protection Agency and per-

missions from the county. In the event of

no exemption being granted, the ash

should be dumped at a controlled dis-

posal site. However, in the long term per-

spective basing waste disposals on ex-

emptions is an unwise solution, and

therefore an independent executive order

for ash has recently been submitted to

the Ministry of Environment and Energy.

The coming executive order “Execu-

tive Order on Ash from Gasification and

Cate-

gory

Description Max. Cd content

(mg Cd/kg DM)

Max. amount of

application (tonnes

DM/ha/year)

H1 Straw ash, mixed 5 0.56

H2 Straw ash, mixed 2.5 1.12

H3 Straw ash, bottom ash 0.5 5.6

F1 Wood chip ash, mixed 15 0.19

F2 Wood chip ash, mixed 8 0.35

F3 Wood chip ash, bottom ash 0.5 5.6

H+F Mixed straw/wood chip ash 5 (as H1) 0.56

Table 16: Limit values for cadmium and the max. allowable amount of application ac-

cording to the ”Executive Order on Ash from Gasification and the Combustion of Bio-

mass and Biomass Residual Products for Agricultural Applications”, submitted to the

Ministry. DM stands for dry matter.

Heavy

metals

Limit value

(mg per kg dry matter)

Mercury 0.8

Lead 120 (private gardening 60)

Nickel 30

Chromium 100

Table 17: Limit values for the remaining

heavy metals according to the ” Execu-

tive Order on Ash from Gasification and

the Combustion of Biomass and Biomass

Residual Products for Agricultural Appli-

cations”, submitted to the Ministry.
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Cut-off levels (mg per kg dry matter)

Sum of Acenaphthene, Phenanthrene, Fluor-

ene, Fluoranthene, Pyrene, Benzofluoranthe-

nes (b+j+k), Benzo-a-pyrene, Benzo-g-h-i-

perylene, Indole-1-2-3-cd-pyrene

6

(From July 1, 2000, the value is 3)

Table 18: In addition to heavy metals, the ash may also contain the so-called polyaro-

matic hydrocarbons (PAH), which typically occur in connection with incomplete com-

bustion. The concentration cut-off levels for PAH as designated in the Executive Order

on Ash from Gasification and the Combustion of Biomass and Biomass Residual Prod-

ucts for Agricultural Applications”, which is at the reading stage, are listed here.

Unit Typical value Typical variation

SOx as SO2 g/GJ 15 5 - 30

NOx as NO2 g/GJ 90 40 -140

Dust, multicyclone mg/m3n 300 200 - 400

Dust, flue gas condensation mg/m3n 50 20 - 90

CO2 (see text) 0 0

Table 19: Typical emission values in connection with wood chip firing. The figures vary

very much in practice, even beyond the typical variations listed /ref. 55/.

Size of system

Input in MW

Recommended limit value for dust mg/m3n at 10% O2

Systems with dust filters Systems with condensing or

technology without dust filters

> 0,12 < 1 100 300

> 1 < 50 40 100

Table 20: Recommended limit values for dust from wood-fired systems /ref. 49/.

District Heating Plants

the Combustion of Biomass and Biomass

Residual Products for Agricultural Appli-

cations” is based on the view that it

seems to be reasonable to return straw

and wood chip ash to the areas from

where the straw and wood chips come.

With straw or wood chips remaining in

the field or in the forest, heavy metals

would remain in the soil. When burning

the straw or wood chips the heavy met-

als in the ash will of course concentrate,

but if the ash is returned in reasonable

amounts, the heavy metal impact will

not be different from the situation where

the straw and wood chips remain in the

field/forest. The limit values in the new

executive order are therefore modified

according to the existing executive or-

der, while the max. allowable application

amount secures that the application of

heavy metals to the areas will not ex-

ceed the amount that is normally re-

moved with the biofuel during the har-

vesting of it.
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Pure straw ash should only be applied to

agricultural land, while pure wood chip

ash should only be applied to forest ar-

eas. Mixtures of wood chip and straw ash

can be applied to both forests and agri-

cultural land. Ash applied to agricultural

land can be dosed as an average over 5

years, while ash applied to forest areas

can be dosed as an average over 10

years. The max. allowable application to

forest areas is 7.5 tonnes of dry matter

per ha per rotation (100 years).

As there is a certain connection be-

tween the combustion quality and the

PAH contained in the ash, an analysis of

unburned carbon in the ash must be

made in connection with each of the

heavy metal analyses according to the

suggested executive order. If the resid-

ual carbon in the ash is below 5%, PAH

analyses must be made every second

year, but if the result of an analysis of

unburned carbon exceeds 5%, thus indi-

cating incomplete combustion, then a

PAH analysis must be made immedi-

ately.

When the new executive order has

come into force, it is expected to offer

better outlets for a reasonable and envi-

ronmentally acceptable use of the bio-

mass ash.

Environmental Conditions

This section describes the impact on the

air environment in connection with firing

with fuel chips at district heating plants.

Table 19 illustrates typical emission val-

ues for chip-firing.

Dust

After intensifying the emission standards

in 1990 for air pollution, most of the mu-

nicipalities decided to require lower emis-

sion levels for dust from small wood

chip-fired heating systems than earlier.

Emission standards for dust from heating

systems are described in the Danish En-

vironmental Protection Agency’s guide,

Limitation of Industrial Air Pollution /ref.

52/. The guide designates emission lev-

els for a range of heating systems, but

not for wood, though.

When dealing with applications for

wood-fired systems, the approving au-

thorities have most often used the limit

values for “other dust pollutants” in

which the limit value for dust is fixed in

proportion to the size of the mass flow

before purifying. In some instances re-

gard has also been had to the recom-

mended limit values for straw-fired sys-

tems larger than 1 MW input, designat-

ing not only dust but also the recom-

mended limit value for a carbon monox-

ide content not to exceed a volume per-

centage of 0.05 at 10% O2. In 1996 the

Danish Environmental Protection Agency

had a report prepared, Dust Emission

Standards for Wood-fired systems smaller

than 50 MW /ref. 49/, designating the re-

commended limit values for wood-fired sys-

tems, in particular.

When fixing the limit values for dust,

the report suggests that regard should be

had to both the size of the system and

the technology applied to firing and dust

purification.

Carbon Monoxide (CO)

A high CO content is a certain indication

of incomplete combustion and should be

as low as possible, because:



• CO is a combustible gas. A high CO

content results in poor efficiency.

• Odour nuisance and a high CO value

go together.

• PAH, dioxin and a high CO value go to-

gether.

• Exposure to high concentrations of CO

is hazardous.

According to The Danish Environmental

Protection Agency’s guide /ref. 52/, the

CO content in the flue gas may not ex-

ceed 0.05% for straw-fired heating

plants. The same requirements apply to

the environmental approval of many

wood chip-fired heating plants. During

normal operating the wood chip-fired

heating plants can comply with this, but

in connection with starting up, very wet

fuel and other unusual operating situa-

tions, problems may arise.

Carbon Dioxide (CO2)

The emission of CO2 to the atmosphere

is problematic, since CO2 is considered a

major cause of the greenhouse effect.

During the combustion of wood chips and

other wood fuels, not more CO2 is devel-

oped than bound during the growth of the

tree. Furthermore, during combustion the

same amount of CO2 is developed as

during the decomposition that is the final

alternative to the use of the wood for en-

ergy purposes. Wood chips are thus con-

sidered CO2-neutral.

Sulphur Dioxide (SO2)

Sulphur from the combustion of wood

chips comes from sulphur compounds

that have been absorbed by the tree

during its growth. Therefore, the com-

bustion of wood chips does not change

the total amount of sulphur present in

the environment, but it entails that the

emission of sulphur with the smoke con-

tributes to the pollution of the air. How-

ever, pure wood from the forestry con-

tains only a very limited amount of sul-

phur. During combustion approx. 75 %

of the sulphur in the wood will be cap-

tured in the bottom and fly ash, so that

only the remaining 25 % will end as SO2

in the flue gas /ref. 56/.

Many analyses of the sulphur con-

tent in fuel chips show values that are

below the laboratory equipment limits of

detection. The average of a range of

analyses shows a sulphur content of

approx. 0.05% (percentage by weight in

proportion to the dry matter content in the

fuel) /ref. 67/.

Firing with wood chips at heating

plants causes much less SO2 emission

than the fuel oil or coal the wood chips

often replace. If the alternative is natural

gas, and if it is sulphur-free at production,

there will be no SO2 advantage by using

wood chips as a fuel.

Nitrogenoxides (NOx)

During the combustion of wood chips,

approx. the same amounts of NOx are

produced as during the combustion of

other fuels. NOx is the sum of NO and

NO2.

The formation of nitrogenoxides oc-

curs on the basis of the nitrogen con-

tained in the air and the fuel. Both nitro-

gen contained in the fuel and the design

of the system combustion chamber play

an important role in the production of

NOx. Of important parameters for low

NOx formation can be mentioned:

• Low nitrogen content of the fuel.

• Staged combustion at low excess air

during the first stage /ref. 57/.

• Low flame temperature.

• Recirculation of flue gases.

Other Pollutants

In addition to particles, SO2, NOx and

CO, flue gases may contain other pollut-

ants, such as polyaromatic hydrocarbons

(PAH), dioxins, hydrogen chloride (HCl),

etc.

PAH is a joint designation for a

range of chemical compounds consisting

of carbon and hydrogen. It occurs by in-

complete combustion. Some of them are

noxious (some even cancer-causing) and

should therefore be avoided. Since 1985

several investigations have been carried

out all showing that there is a close con-

nection between the formation of PAH

and CO. Low CO content and low PAH

content go together /ref. 58/.

Like sulphurdioxide, hydrogen chlo-

ride (HCl) contributes to the acidification,

but condenses faster (to hydrochloric

acid) and can therefore locally contribute

to damage to materials in particular, but

also to plants. The emission of HCl de-

pends on both the condition of the wood

chips (wood chips from nearshore forests

contain salt from sea fog) and on com-

bustion conditions and flue gas purifying,

including condensation, which removes a

considerable part of the HCl contained in

the flue gas.

Noise

The heating plant must comply with the

conditions of the environmental authori-

ties regarding the limitation of noise - cf.

the Danish Environmental Protection

Agency Guide No. 5/1984 /ref. 59/. The

noise level load should be measured ac-

cording to the Danish Environmental Pro-

tection Agency Guide No. 6/1984 /ref. 60/

No. 5 respectively /1993 /ref. 61/.

If the heating plant is located in a

residential neighbourhood, the noise lim-

its here will normally be:

• 45 dB(A) during days (weekdays from

07:00 - 18:00, Saturdays from 07:00 -

14:00)

• 40 dB(A) during evenings (weekdays

from 18:00 - 22:00, Saturdays from

14:00 - 22:00, Sundays and non-work-

ing days from 07:00 - 22:00)

• 35 dB(A) during nights (all days from

22:00 - 07:00)

The noise limits vary with the various

types of area and may not be exceeded

at any point in the neighbourhoods. If the

heating plant is located in an industrial

area, where the noise limit is 60 dB(A)

during all periods of the day and year, the

noise limits in an adjacent residential

neighbourhood may be decisive. The

noise comes primarily from fans and air

inlets or exhaust systems (including the

chimney), but also from other machines

(compressors, cranes, belt conveyors,

screw conveyors, and hydraulic systems)

and from all the traffic on the plant site.

For most areas, the noise limit is lowest

during the night, and it will therefore nor-

mally be this limit that will form the basis

of the dimensioning. However, the deliv-

ery of fuel may often give rise to prob-

lems, although it takes place during the

day if the driveway of the plant is inexpe-

diently located.

It is important already at the stage

of planning to take into account the noise

emissions, since subsequent antinoise

measures are often very expensive, and

also operational restrictions (such as how

to avoid all traffic during evening and

night periods) may be problematic. Today

it is possible to forecast the noise in the

surrounding neighbourhood, so that the

suppliers should warrant not to exceed

the noise limits.

District Heating Plants

Page 46 Wood for Energy Production



Fire Protection

When firing with forest wood chips, the

risk of fire is lesser than by firing with dry

fuels. However, certain safety regulations

must be complied with.

The fuel system should be equip-

ped with an airtight dividing wall, thereby

preventing fire from spreading backwards

from the combustion chamber to the

storage. At most plants, the feeding

systems are designed with an airtight

“plug” of wood chips and a sprinkler

system located just before the combus-

tion chamber.

Attention should be paid to the risk of

flue gas explosions. Unburned gases in

an incorrect mixture with atmospheric air

may cause extremely violent explosions if

gases, e.g. due to a positive pressure in

the combustion chamber leaking into the

boiler room or the feeding system. Flue

gas explosions may also occur in the

combustion chamber if, e.g. the fuel due

to suspension of operations has been

smouldering with too little atmospheric air,

and air is suddenly introduced.

In the wood chip storage one should

beware of the risk of spontaneous com-

bustion. Here storage height, wood chip

storage time, moisture content, and the

access to air will be a decisive parame-

ter. During firing with wood pellets and

dry wood waste, there is a risk of dust ex-

plosion in the storage and the feeding

system. Here fire extinguishing equip-

ment should be built in just before the

boiler. The risk of fire in the fuel storage

also applies to pellets.

Control, Adjustment,

and Supervision

Control, adjustment, and supervision

(Styring, Regulering og Overvågning) is

called the SRO system. The system is

designed on the basis of two computers:

• A PLC (Programmable Logic Control)

with system data recording controls the

plant’s various flows according to

pre-set operating values.

• An ordinary computer displays the flow

of data from the PLC to the operators’

monitor. The preselected operating val-

ues in the PLC can be changed via the

computer.

The system is divided into three main

functions covering the following:

• The control ensures that the system

performs according to a preselected

sequential order.

• The adjustment unit ensures that the

preselected values for pressure, tem-

perature etc. are complied with.

• The supervision unit sets off alarms in

case of malfunctions.

The SRO system enables automatic

operation of the plant, thereby making

the permanent pressence of operators

unnecessary. In case of operation fail-

ures, the remote supervisory and moni-

toring unit calls in the operators via the

public telephone network. In emergency

situations, an oil-fired furnace is auto-

matically started, taking over the supply

of heat.

Plant Manpower

The manpower necessary for the opera-

tion of the plant naturally depends on the

degree of automation, the scope of own

wood chip handling, the age of the heat-

ing plant etc. Individual small heating

plants are designed so as to remove the

need for permanent on-site attendance

even during the day. By being on call via

telephone and daily inspections, the plant

manager can occupy another job at the

same time.

When estimating the manpower re-

quired, the calculation can be based on

systems from approx. 1.5 MW to 5 MW

requiring approx. 1-2 man-years for the

operation. Systems above 5 MW will re-

quire approx. 2-3 man-years for the oper-

ation. The construction of the system is

of decisive importance to the amount of

maintenance work.

In-Plant Safety

In-plant safety includes fire safety and

personnel safety. Before commencing

production, the plant must be approved

by the local fire authorities.

In-plant personnel safety must be

approved by the Danish Working Envi-

ronment Service. It includes safety mea-

sures against scalding, burn, poisoning

with flue gas or dust, and injuries caused

by cranes or other machinery.

Organisational Structures

Wood chip-fired heating plants can be

established as:

• An A.m.b.a. - i.e. a co-operative society

with limited liability.

• An ApS - i.e. a private limited liability

company.

• An A/S - i.e. a limited liability company.

• A public corporation.

The wood chip-fired district heating

plants in Denmark are typically organised

as local user-owned co-operative societ-

ies with limited liability (A.m.b.a), where

all users connected to the district heating

system are attached to the company. The

owners are only liable to the extent of

their contribution, and they are all placed

on an equal footing. In addition the or-

ganisational structure is already known

by many people. Almost all wood chip-

fired heating plants in Denmark are or-

ganised in the form of an A.m.b.a.. The

organisational structure of the user-

owned companies are democratic so that

all users have the possibility of participat-

ing in decision making via the annual

owners’ meeting of the heating plant.

Figure 38: Initial cap-

ital investment re-

garding chip-fired

district heating plants

at 1997 prices in

Denmark. The dots

show the individual

initial capital invest-

ments, while the line

shows an approxi-

mate price formula

/ref. 13/.
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A few plants are owned and operated by

the municipality.

It is also possible to choose a pri-

vate limited liability company (ApS) or a

limited liability company (A/S), where the

participants are liable to the extent of

their invested share capital.

Investment and Operation

The following example illustrates the plant

operating efficiency of a given 2 MW wood

chip-fired heating plant established right

from the beginning as a so-called “urbani-

sation” project. By “urbanisation” project is

meant a town where both a new heating

plant and a complete district heating sys-

tem for the supply of heat to the consumers

are established. The wood chip price is

fixed at DKK 36/GJ, and the oil price at

DKK 95/GJ. All figures in the example are

exclusive of value added tax (VAT).

Capital investment

In the report Initial Capital Investment

and Efficiencies of Wood chip-fired

Heating Plants /ref. 13/, information has

been collected in respect of initial capital

investment regarding site, land develop-

ment, buildings, installation of machines,

and projecting. All prices are in terms of

1994 prices so that they are comparable

with one another. The curve in Figure 38

shows projected 1997 prices for the indi-

vidual heating plants in proportion to the

total nominal output of the wood chip

boiler and flue gas condenser.

It is important for a new project to

get “a head start”. Therefore, at least

80% of the previously oil-fired furnaces

and all public large-scale consumers

should participate in the project right from

the beginning. Public large-scale con-

sumers are local government offices,

schools, sports centres, etc. Contrary to

earlier practice, energy and environmen-

tal taxes in connection with indoor heat-

ing will not be refunded to industrial en-

terprises and liberal professions, which

will therefore also be a target group.

The data of the example are:

260 small consumers 4,550 MWh/year

10 large consumers 3,300 MWh/year

Distribution loss 30%

Generation of heat 11,200 MWh

Heat from wood chips 93%

Heat from oil 7%

Max. output demand 3 MW

Chip boiler rated output 2 MW

Annual efficiency (wood chips) 100%

Annual efficiency (oil) 80%

For a densely built-up town, the distribu-

tion loss is 30% in a year with approx.

3,112 “ELO” degree days" (ELO stands

for EnergiLedelsesOrdningen (Energy

Control Scheme)). If the area is not so

densely built-up or smaller towns are

connected via a transmission line, the

distribution loss will increase to above

35%.

It is possibly to apply to the Danish

Energy Agency for subsidies to be

granted for “urbanisation” projects ac-

cording to the CO2 statute /ref. 45/.

The initial capital investment is as

follows:

Million of DKK

The heating plant 6.8

Street piping/advisory service 10.0

Consumer service pipes 4.0

Consumer house installations 4.0

Unpredictable expenses 1.0

Total initial capital investment 25.8

Danish Energy Agency subsidised 4.4

Loan requirement 21.4

The initial capital investment can be

mortgaged in full by means of index-

linked loan. An index-linked loan is a type

of loan that is repaid by annual payments

that increase concurrently with inflation. It

is a cheaper type of loan than the con-

ventional loans, repayable by equal

semi-annual instalments or annuity loans,

as long as inflation is below 7% per an-

num. The structure of index-linked loans

is set out in more detail in the following

references /ref. 62, 63/. The real rate of

return on index-linked loans, which was

introduced with the government’s eco-

nomic intervention in the spring of 1998,

is expected to be of decisive importance

Figure 39: Trustrup-Lyngby Varmeværk at Djursland is a “urbanisation” project established

in 1997.
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to whether or not this type of loan will

continue being attractive to the financing

of new heating plants.

Operating Costs and Income

The heating plant’s income derives from

the sale of heat and is distributed on

fixed contributions and consumer charge

for the heat. The standard charge for the

sale of heat to consumers may, e.g., be:

Variable charge DKK 350/MWh

Fixed annual charge DKK 1,000/con

Capacity charge, private 30 DKK/m2

Capacity charge, industry 30 DKK/m2

Add to that value added tax (25%). For a

private consumer in a single family house

of 120-130 m2 with an average consump-

tion of 17.5 MWh (equal to approx. 2,500

litres of oil), the heating expenses will

amount to DKK 13,800. This expenditure

is more or less equal to the operating

costs of oil firing: Oil, chimney sweeping,

and maintenance.

This rate will yield the following in-

come and expenses:

Income: Thousand of DKK

Sale of heat, 7,850 MWh 2,748

Fixed annual charge 270

Capacity charge, private cons. 1,014

Capacity charge, industry 350

Total income 4,382

Expenses: Thousand of DKK

Wood chips, DKK 36/GJ 1,350

Oil, 87,000 litres 295

Maintenance, heating plant 130

Maintenance, distribution system 200

Electrical power consumption 85

Water and chemicals etc. 30

Other costs 70

Personnel and administration 500

Depreciation (20 years) 1,070

Depreciation (indexation) 21

Interest and contribution 570

Total expenses 4,321

Net result 61

With regard to accounting principles, a

straight line method of depreciation which

charges an equal sum each year, more

adequately reflects the decrease in value

during the life of the heating plant than

does the other practice where the depre-

ciation is booked as being equal to the

instalments on the loan. By the last-men-

tioned method, the expenses will in-

crease as the instalments increase over

the period of repayment. The indexation

of instalments is the expense for the an-

nual appreciation of instalments with the

index of net prices. The remaining debt is

also revalued according to the index of

net prices. This item is booked in an ex-

change equalisation fund under the eq-

uity capital /ref. 63/.

Approval by the Authorities

As early as possible during the first stage

of the project, it should be investigated

whether either the local environmental or

building restrictions or preservation regu-

lations will constitute a hindrance to a

new or retrofit heating plant. In order to

be able to establish a district heating

plant, the following approvals should be

obtained from the authorities:

• Planning permission.

• Approval of draft project according to

the Heat Supply Act.

• Environmental approval.

• Perhaps local planning.

Matters concerning the approval by the

authorities are described in more detail in

/ref. 64/.
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In 1986 the Danish Government made

an energy policy agreement on the con-

struction of decentralised CHP plants

with a total power output of 450 MW,

fired with domestic fuels such as straw,

wood, waste, biogas, and natural gas,

to be completed by the year 1995. In

1990 the government made another

agreement on the increased use of nat-

ural gas and biofuels to be accom-

plished primarily by means of the con-

struction of new CHP plants and retro-

fitting the existing coal and oil-fired dis-

trict heating plants to natural gas and

biomass-based CHP generation.

CHP Generation Principle

At a traditional steam-based, coal-fired

power plant with condensation operation,

40-45% of the energy input is converted

to electrical power, while the remaining

part is not utilised. It disappears with the

cooling water into the sea and with the

hot flue gas from the boiler up through

the chimney into thin air.

A back pressure CHP plant gener-

ates electrical power in the same way as

a power plant, but instead of discharging

the condensation heat from the steam to-

gether with the cooling water into the

sea, the steam is cooled by means of the

recycling water from a district heating dis-

tribution system and thus used for the

generation of heat. The advantage of

combined heat and power production is

that up to 85-90% of the energy in the

fuel input can be utilised. Of this approx.

20-30 % of the energy input will be con-

verted to electrical power, while 55-70 %

of the energy input will be converted to

heat. Thus by combining heat and electri-

9. CHP and Power Plants
cal power generation, the total utilisation

of energy increases, but as a whole the

electrical power output will be reduced.

Another advantage of a back pres-

sure CHP plant instead of a power plant

is that there is no need for seawater for

cooling. The plant can therefore be lo-

cated near large towns (decentralised)

with sufficient demand and a distribution

system to cope with demands. The oper-

ation of a CHP plant depends on the heat

demand of the district heating system. In

case of a small heat demand, the power

generation will also be small, because

the district heating water cannot cool the

steam cycle to that extent at the CHP

plant. For the purpose of equalising the

variations in the cooling of the district

heating water, the CHP plants are often

equipped with storage tanks for the stor-

age of “heat” during periods with little dis-

trict heating demand.

It is the system steam data on pres-

sure and temperature that determine the

electrical power utilisation of the system.

With equal steam data for a coal-fired

power plant and a biomass-fired power

plant, the electrical power efficiency will

also be the same. However, the risk of

slagging and corrosion during firing with

biofuels has deterred boiler engineers and

manufacturers from applying steam data

to biomass-fired heating plants at the

same level as coal-fired heating plants.

The most recent advances in the field of

heating system technologies and design

have constituted a break-through, and a

couple of new heating plants demonstrate

that high steam data can also be achieved

by biofuels. This is set out in more detail

under the description of the heating plants

at Masnedø, Ensted, and Avedøre.

A number of industrial enterprises re-

quire steam for their manufacturing pro-

cesses. Several large enterprises have

realised the advantage of establishing

steam production plants, so that in addi-

tion to the process steam, electrical

power can also be generated. Especially

in forest product industries, this opportu-

nity is quite evident, since wood waste

can then be utilised as a fuel on the

spot. The energy can naturally only be

utilised once, so when energy is drawn

off in the form of process steam, the

electrical power output and perhaps also

the generation of heat are reduced. The

process steam is normally extracted

from a special type of steam turbine

termed an extraction turbine. Depending

on the steam requirement, steam can be

withdrawn at various high-pressure

stages of the turbine, thereby applying

various methods for the adjustment of

the steam pressure.

Heating plants owned by electrical

power companies are under the obliga-

tion to supply electrical power to the sup-

ply mains. Decentralised CHP plants

owned by district heating companies and

industrial enterprises are not likewise

committed. Heating plants owned by

electrical power companies must there-

fore be constructed so as to include

greater operational reliability which re-

sults in larger capital investment.

Plants Owned by Electrical

Power Corporations

Måbjergværket, Holstebro

In Måbjerg near Holstebro, Vestkraft

A.m.b.a. has constructed a CHP plant,

Figure 40: By separate electrical power generation and generation of heat at a power plant and at a district heating plant, total losses

are much larger than by combined heat and power production at a CHP plant.
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fired with waste, straw, wood chips, and

natural gas (se figure 41).

The plant is noteworthy because it

demonstrates the combined application

of renewable and fossil fuels in a way in

which one of the positive properties of

natural gas (low content of impurities) is

utilised so as to increase the aggregate

energy output. Furthermore, the increase

in the energy output is achieved without

wasteful use of gas, which as known is a

limited resource.

The system is divided into three

boiler lines, two for waste and one for

straw and wood chips.

The boilers were delivered by

Ansaldo Vølund A/S, and all three boilers

are equipped with a separate natural

gas-fired superheater so as to increase the

steam temperature from 410 °C to 520 °C

at a pressure of 65 bar. By superheating

the steam, a more energy efficient process

is achieved in the form of increased electri-

cal power efficiency with reduced risks of

corrosion of the superheater tubes.

Straw is fired in the form of whole

big bales into six “cigar burners”, in-

stalled three and three opposite one an-

other. The wood chips are fed by means

of a pneumatic feeding system on to an

oscillating grate, where unburned straw

and wood chips burn out.

The flue gas from the straw and chip-

fired boiler is cleaned in a bag filter to a

dust content of max. 40 mg/m3n. In the

case of the waste-fired boilers, the flue

gas purifying is supplemented with lime

reactors for the purpose of reducing hy-

drogen chloride, hydrogen fluoride and

sulphur oxide emissions. The three boil-

ers have separate flues in the 117 metre

high chimney. The straw and chip-fired

boiler can operate 100% on either wood

chips or straw or combined wood chips

and straw.

The waste-fired boilers (traditional

grate-fired Vølund waste-fired boilers)

have an input capacity of 9 tonnes of

waste per hour (calorific value 10.5 GJ

per ton), and the capacity of the straw

and chip-fired boiler is 12 tonnes per

hour with the average calorific value be-

ing 14 GJ per tonne.

The electrical power output is 30

MWe and 67 MJ/s heat. The system is

equipped with district heating storage

tank the size of approx. 5,000 m3.

Heating is supplied to the district heating

systems in Holstebro and Struer.

Vejen CHP Plant

The CHP plant in Vejen is a special com-

bined fuel system, because the steam

producing boiler, delivered by Ansaldo

Vølund A/S, can be fired with either

waste, straw, wood chips, or pulverised

coal.

The output of the system is 3.1 MWe

and 9 MJ/s heat at a steam production of

15.7 tonnes per hour at 50 bar and 425

°C. The turbine is an AEG Kanis manu-

facture.

Wood chips and waste are fed

on to a Vølund Miljø waste grate (sec-

tional step grate). Straw can be fired

as whole big bales in a single “cigar

burner”. The plant’s annual consump-

tion of wood was originally estimated

at approx. 1,200 tonnes per year. The

idea was to use wood as a supplemen-

tary fuel in periods with too low calorific

value of the waste. However, the an-

nual consumption of wood chips is esti-

mated to be reduced significantly, since

the waste input has been of a suffi-

ciently high calorific value and at the

same time, sufficient quantities of

waste are available.

As a consequence, it is the intention

in the future only to use wood during the

starting up and closing down of the sys-

tem. Environmental considerations pro-

hibit the use of waste during those peri-

ods, because the temperature in the

combustion chamber is too low for com-

plete combustion to take place.

Figure 41: Schematic diagram of Måbjergværket.
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Masnedøværket (CHP Plant)

Masnedø CHP plant that is owned by I/S

Sjællandske Kraftværker (electrical

power corporation), was put into opera-

tion in 1995. It is a biomass-fired back

pressure system for electrical power and

district heating supply to Vordingborg.

The boiler is designed for straw with 20%

of the energy supplied by supplementary

firing with wood chips. The annual con-

sumption of fuel amounts to 40,000

tonnes of straw and 5-10,000 tonnes of

wood chips.

The steam data of the plant are 92

bar and a steam temperature of 522 °C.

The electrical power efficiency is 9.5 MW,

while the heat output that can be sup-

plied to the district heating system is 20.8

MJ/s. The input is 33.2 MW.

The boiler, constructed by Burmeister

& Wain Energy A/S, is a shell boiler with

natural circulation. It is a retrofit system,

where the steam data have been boldly

set close to standard coal-fired plants of

the same size, despite the fact that the

primary fuel here is straw. Experiences

acquired from operating the system in

practice suggest that the system concept

is successful.

The boiler has two feeding systems,

one consisting of a straw shredder fol-

lowed by a screw feeder. The chip feed-

ing system consists of transport and

screw feeders in the bottom of the silo to

the straw-fired unit. The wood chips are

mixed with the straw and fired together

on to a water-cooled oscillating grate.

Enstedværket

Denmark’s largest electrical power plant

boiler exclusively fired with biofuel was

put into operation in 1998 at Ensted-

værket near Aabenraa (se figure 42).

The system that has been delivered

by FSL Miljø A/S and Burmeister & Wain

Energi A/S, is located in the old building of

the earlier coal-fired Unit 2. The system

consists of two boilers, a straw-fired boiler

that produces steam at 470 °C, and a

chip-fired boiler that superheats the steam

from the straw boiler further to 542 °C.

The superheated steam is passed to the

high-pressure system (200 bar) of

Enstedværket’s coal-fired Unit 3. With an

annual consumption of 120,000 tonnes of

straw and 30,000 tonnes of wood chips,

equal to an input of 95.2 MJ/s, the thermal

efficiency of the biomass boiler is 88 MW

of which a proportion of 39.7 MW electri-

cal power is generated (approx. 6.6% of

the total electrical power generation of

Unit 3). The biomass boiler is thus consid-

erably larger than the largest of the de-

centralised biomass-fired CHP systems.

The gross electrical power efficiency is

approx. 41%. Annual efficiency is ex-

pected to be a little lower due to the incor-

poration with Unit 3 and varying load con-

ditions. It is the intention that the biomass

boiler will operate 6,000 hours per year at

full load. With a storage capacity of only

1,008 bales, equal to the daily consump-

tion, deliveries of 914 big bales will be re-

quired on average a day, equal to 4 truck-

loads per hour for 9.5 hours a day.

The straw boiler is equipped with

four straw lines. However, only three sys-

tem lines can operate 100% (at full load).

Each of the straw lines consists of a fire-

proof tunnel, chain conveyors, straw

shredder, fire damper, screw stoker, and

a feed tunnel. Like the straw shredder at

Masnedøværket, the straw shredder is

designed as two coupled, conical, vertical

screws towards which the straw bale is

pressed. From the straw shredder, the

shredded straw is dosed via the fire

damper into the screw stoker, which

presses the straw as a plug through the

feed tunnel on to the grate.

The chip boiler is equipped with two

spreader stokers that throw the wood

chips on to a grate. The feeding of wood

chips is performed by a screw feeder

from an intermediate silo.

The flue gas is purified in electro-

filters. In order to be able to apply the bot-

tom ash from the biomass boiler as ferti-

liser, the fly ash from the filters that con-
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Figure 42: Sche-

matic diagram of

Enstedværket’s

bio-boiler of 40

MWe and coal-

boiler of 630 MWe.
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tain the majority of the heavy metals of the

ash, is kept apart from the bottom ash.

Østkraft A.m.b.a., Rønne

At Østkraft, Unit 6 was put into operation

in 1995. At loads varying from 0-65%, the

boiler is coal-fired on grate with supple-

mentary firing with wood chips. At boiler

loads above approx. 65% of the boiler

nominal output, the boiler is fired with oil.

The boiler and the pre-combustor for

wood-firing have been delivered by

Ansaldo Vølund A/S.

Coal-firing takes place by means of

four spreaders on to a travelling grate,

while the wood chips are fired by means

of four pneumatic feeders situated above

the coal spreaders.

The system electrical power output

(gross) is 16 MWe and the heat output is

35 MJ/s. The boiler operates at a pres-

sure of 80 bar, and the steam temperature

is 525 °C. The boiler is capable of being

fired with a combination of coal and wood

chips in the ratio 80% coal and 20% wood

chips in terms of energy contribution. The

combustion takes place both while the fuel

is suspended in the combustion chamber

and on the grate, where the larger fuel

pieces are thrown furthest backwards on

the slat grate that travels from the

back-end plate to the slag/ash pit at the

front wall under the fuel feeders.

The system is equipped with an

electro static precipitator.

Avedøre 2.

Avedøre 2 that is owned by I/S

Sjællandske Kraftværker (electrical

power corporation) and expected to be

put into operation in 2001, is presently in

the middle of the construction phase, but

since the design is a large, specialised,

and highly efficient CHP plant with bio-

mass playing an important role, it de-

serves a brief description here.

The design is a steam-power plant

with turbine and boiler system and

desulphurization and deNOx system.

A separate biomass boiler and a gas

turbine, coupled in parallel, are added.

The boiler system is a so-called KAD

system (power plant with advanced

steam data), i.e. a high pressure and a

high temperature of the steam from the

boiler to the steam turbine providing

high electrical power efficiencies. The

gas turbine will be coupled to the steam

system, so that the flue gas from the

gas turbine can be used to preheat the

feed water to the steam boiler. At the

same time the gas turbine generates

electrical power and gives off heat. This

special coupling creates a synergy effect

that results in the high degree of utilisa-

tion of the fuels.

The biomass is burnt in a separate

boiler system that produces steam. The

steam passes to the KAD system, where

the steam is used for the generation of

electrical power in the steam turbine. In

this way the biomass utilisation efficiency

is much better than in a separate bio-

mass-fired CHP plant. The design repre-

sents a major step forward in that it offers

the possibility of utilising three different

fuels, ensuring both a more flexible en-

ergy production and more reliable sup-

plies. The combination of three different

power plant technologies also makes

Avedøre 2 the world’s most energy effi-

cient and flexible plant so far.

Steam: 300 bar/582 °C (KAD steam

boiler and biomass boiler)

Outputs: 365 MWe net in back pressure

operation, 480 MJ/s heat

Fuels: Natural gas, biomass (straw

and wood chips ) and fuel oil

(the total input of straw and

wood chips is 100 MJ/s)

The system biomass capacity will amount

to 150,000 tonnes per year. If the high

steam temperature cannot be achieved

without too high risk of corrosion, the

wood chip proportion can be increased,

or it could be arranged for part of the

superheating to take place in a natural

gas-fired superheater. The design esti-

mates an electrical power efficiency of

the biomass unit of 43%.

Systems at District Heating

Plants

Assens Fjernvarme

In January 1999 a new wood-fired CHP

plant, constructed by Ansaldo Vølund

A/S, was installed at the district heating

plant Assens Fjernvarme. Two pneumatic

feeders throw fuel on to a water-cooled

oscillating grate. The fuel is primarily

wood chips, but depending on the market

conditions, wood waste and residual

products will be utilised as fuels.

The plant’s steam data are 77 bar

and 525 °C steam temperature. The

electrical power efficiency is 4.7 MW with

a heat output of 10.3 MJ/s for the district

heating system. An installed flue gas

condenser can increase the generation

of heat to 13.8 MJ/s. The input is 17.3

MW. The fuel is pure wood fuels with a

moisture content in the range of 5 to

55%. The system is designed with an in-

door storage capacity of up to 5,800 m3,

equal to approx. 10 days’ consumption.

Furthermore there is an outdoor fuel stor-

age equal to approx. 50 days’ consump-

tion.

After the electro static precipitator

the combined wet scrubber/condenser

unit is installed. Here the flue gas tem-

perature is reduced to approx. 70 °C,

and the efficiency is considerably in-

creased.

Hjordkær CHP Plant

The CHP plant at Hjordkær is the small-

est steam turbine system installed at a

Figure 43: Schematic diagram of the biomass-based CHP plant in Assens.
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district heating plant in Denmark. One of

the ideas behind the plant is to demon-

strate whether steam turbines this size

are remunerative, which is also the rea-

son why the Danish Energy Agency has

subsidised the construction of it. It was

constructed in 1997, in order to obtain

guarantee data on the use of forest chips

with a moisture content of up to 50%. In

addition to that, the fuel spectrum is a

wide range of combustible materials, in-

cluding a number of residual products

from industries.

The system steam data are 30 bar

and 396 °C steam temperature. The

electrical power efficiency is 0.6 MW with

a heat output of 2.7 MJ/s for the district

heating system. The input is 3.8 MW.

The relatively low steam data were not

selected due to it being a biofuel system,

but due to the fact that for systems that

size, it is rather expensive to produce

boilers with higher steam data.

The boiler design is a pre-combustor

coupled as a vaporiser, containing a step

grate, refractory reflection surfaces, and

a superheater divided into two sections, a

fire tube section as a convective vapor-

iser and an economiser in steel plate

casing, standing apart.

The grate that is hydraulically oper-

ated, consists of a bottom frame of steel,

which to some extent is water-cooled.

The grate itself consists of elements in

special cast iron.

Industrial Systems

Junckers Industrier A/S

At Junckers Industrier in Køge two large

wood-fired boiler systems have been in-

stalled, called Unit 7 and Unit 8, respec-

tively. They were put into operation in

1987 and 1998 respectively.

Junckers’ Boiler Unit 7

At the beginning of 1987 a new power

station was put into operation at Junc-

kers Industrier in Køge, fired with wood

waste from the production. The system

was delivered turn-key by B&W Energi

A/S.

Until 1998 the system was the larg-

est Danish system fired with wood only.

The boiler produces 55 tonnes of steam

per hour at 93 bar and 525 °C. The steam

operates an AEG Kanis back pressure

turbine with a steam extraction of 14 bar

and a back pressure of 4 bar. The max.

electrical power efficiency is 9.4 MW.

The fuel is wood waste from the pro-

duction and consists of shavings, saw-

dust, bark, and wood chips. The boiler

can also be fired with fuel oil at max. 75%

load. Sawdust, wood chips, and bark are

fired via three pneumatic spreader stok-

ers on a water-cooled grate with inclined

oscillating steps. The spreaders are fed

Data Unit Junckers
K-71)

Junckers
K-81)

Novopan
1)

Enstedv.
EV32)

Masnedø
Unit 122)

Vejen
2)

Måbjerg
2) 6)

Østkraft
2)

Hjordkær
3) 5)

Assens
3)

Power output (gross) MW 9.4 16.5 4.2 39.7 9.5 3.1 30 16 0.6 4.7

Heat output MJ/s process
steam

process
steam

process
steam +

dist. heat.

20.8 9.0 67 35 2.7 10.3 8)

Steam pressure bar 93 93 71 200 92 50 65 80 30 77

Steam temperature °C 525 525 450 542 4) 522 425 520 525 396 525

Max. steam production Tonnes/h 55 64 35 120 43 16 125 140 4,4 19

Storage tank m3 process
steam

process
steam

process
steam

5,000 1,500 5,000 6,700 1,000 2 x 2,500

Flue gas temperature °C 140 110 95 165 160/120 110/70

Flue gas purifying - ESP9) ESP9) ESP9) ESP9) ESP9) bag
filter

straw:
bag filter
waste:
ESP9)

ESP9) multi-
cyclone

bag
filter

ESP7) 9)

Fuels chips
bark

sawdust
sander dust

chips
bark

sawdust
sander dust

chips
bark

sawdust
sander dust

straw
chips

(0-20%)

straw
chips

waste
straw
chips

waste
straw
N-gas
chips

coal
chips

oil

chips
bio-waste

various
bio-fuels

chips

Turbine Make AEG
Kanis

Siemens ex. unit 3 ABB Blohm +
Voss

W.H.
Allen

ABB Kaluga/
Siemens

Blohm +
Voss

Electrical eff. (gross) % 28 21 27 35 16 27

Overall efficiency % 91 83 88 88 86 878)

Table 21: Operating data on ten biomass-fired plants and systems.

Notes:
1) Industrial systems.

2) Owned by power corporations.

3) District heating plants.

4) Steam temperature increased from 470 °C to 542 °C in separate wood chip-fired superheater.

5) Special flue gas boiler with superheater and pre-combustor for wood chips and industrial residual products.

6) 2 waste lines and 1 line for straw and wood chips. All 3 lines are equipped with separate natural gas-fired superheater (410 °C to 520 °C).

7) The system is also equipped with flue gas condenser.

8) Without flue gas condensation in operation. 13.8 MJ/s with flue gas condensation.

9) ESP - electro static precipitator.

CHP and Power Plants

Page 54 Wood for Energy Production



from the fuel silos via screw conveyors.

The system is guaranteed an overall

efficiency of 89.4% (before deductions for

own consumption) at 100% load.

The flue gas is purified to a guaran-

teed max. solid matter content of 100

mg/m3 at 12% CO2 in a Research Cot-

trell electrofilter. The flue gas tempera-

ture before the filter is approx. 130 °C.

Junckers’ Boiler Unit 8

Boiler Unit 8, delivered by Ansaldo

Vølund A/S, is coupled in parallel to the

company’s existing Boiler Unit 7. The in-

put of Boiler Unit 8 is 50 MW equal to 64

tonnes of steam per hour. The steam

data are 93 bar at 525 °C. Flue gas tem-

perature at full load is 140 °C. Boiler effi-

ciency is 90%.

Boiler Unit 8 and Boiler Unit 7 to-

gether are designed for burning the total

amount of secondary waste products

from the production. The fuels are wood

chips, sawdust, sander dust, and shav-

ings. In addition to that also smaller

amounts of granulated material, medium-

density fibreboard chips, bottom logs etc.

In emergency situations, the system can

be fired with fuel oil (up to 80% load).

Wood chips and sawdust etc. are fired on

to a water-cooled oscillating grate by

means of three spreaders. Sander dust

and shavings are fed through separate

Low NOx dust burners higher up in the

boiler room. The storage tank and return

pipes are located outside with the

Eckrohr boiler. The three boiler super-

heater sections are equipped with water

inlets for steam temperature control. In

order to keep the boiler heating surfaces

purify, the boiler is equipped with steam

soot blowers that are activated 3-4 times

a day. In order to comply with the envi-

ronmental requirements, the boiler is de-

signed for approx. 15% flue gas recircu-

lation.

The SIEMENS turbine is designed

for the full steam amount with a max.

electrical power output of 16.5 MWe. The

turbine has an uncontrolled steam ex-

traction at 13 bar and a controlled extrac-

tion at 3 bar. Both provide process steam

for the factory’s manufacturing process.

The turbine is also equipped with a sea

water-cooled condenser unit capable of

receiving max. 40 tonnes of steam per

hour. In an operating situation with the

max. electrical power output, the electri-

cal power efficiency is approx. 33% si-

multaneously with extracting 24 tonnes of

steam per hour at a pressure of 3 bar,

while an amount of 40 tonnes of steam

per hour is cooled off in the condenser.

Novopan Træindustri A/S

In 1980 Novopan Træindustri A/S con-

structed a CHP plant for firing with wood

waste from the chip board production.

The system consists of two boilers, of

which a Vølund Eckrohr boiler produces

35 tonnes of steam per hour at a pres-

sure of 62 bar and a steam temperature

of 450 °C.

The boiler is equipped with two

superheaters, economiser and air

preheater.

The fuel consists of sander dust,

bark, wet wood waste, and residues from

chipboards, clippings, and milling waste

that are fed via an air sluice on to an in-

clined Lambion grate. A total of approx.

150 tonnes of wood waste is consumed

per day.

The energy input contained in the

fuel distributed on utilised energy and

loss is as follows:

Electrical power (4.2 MW): 19%

Heat for drying process: 64%

District heating: 5%

Loss: 12%

The flue gas is purified for particles in a

Rothemühle electro static precipitator.

CHP and Power Plants
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Small scale CHP generation is of im-

mediate interest to district heating

plants, large institutions, and indus-

tries, and the technology has market

potentialities both in Denmark and

abroad. The major driving force be-

hind the development of gasification

systems is the prospect of higher

electrical power efficiencies than, e.g.

by means of steam turbine systems

the same size. This chapter deals with

Danish development projects in the

field of pilot and demo systems, sup-

ported by the Danish Energy Agency’s

Development Scheme for Renewable

Energy among others. The projects

work in the field of CHP generation by

different systems such as updraft

gasification, several forms of down-

draft gasification, Stirling engine and

steam engine.

CHP with Thermal Gasification

Small scale CHP plants using natural gas

as a fuel are easily designed just by let-

ting a combustion engine operate a gen-

erator for the generation of electrical

power and utilise the engine waste heat

for district heating. However, it is not that

easy when the fuel is wood. Not even in

the form of powder can wood be used di-

rectly as a fuel in a combustion engine or

perhaps a turbine. First the wood must

be converted to gas. This can be accom-

plished in a gasification process in a gas

generator that is also termed a gasifier.

The secret of gasification is the conver-

sion of wood into gas at the least possi-

ble loss of energy and in a way that the

combustible gas thus produced - product

gas - is as purify as possible. The gas

engine is damaged if the gas contains tar

and particles, and the process must not

result in polluted water. Thus there are

many requirements to comply with at the

same time.

During World War II, dried beech

blocks the size of tobacco tins were used

for the operation of cars. Today this fuel

can only be obtained in very limited quan-

tities at reasonable prices. Commercial

fuel chips are available today, but they are

normally wet when coming directly from

the forest. In addition fuel chips are not so

much cheaper than gas and oil that in-

vesting in the large-scale technology

needed for a CHP-based gasification work

is economically feasible.

In order to produce combustible gas,

the wood should first be heated. It is most

common to heat it by burning a small pro-

portion of the wood. The heating dries the

fuel, and not until then will the temperature

be increased. At a temperature of approx.

200 °C, the so-called pyrolysis begins

where the volatile constituents of the wood

are given off. They consist of a mixture of

gases and tars. When the pyrolysis is

completed, the wood has been converted

to volatile constituents and a solid carbon

residual (the char).

The char can be converted into gas

by adding a fluidising agent which may

typically be air, carbon dioxide, or water

vapour. If using CO2 or H2O, this process

requires heat and will only occur at a rea-

sonably acceptable speed at tempera-

tures above approx. 800 °C. The com-

bustible constituents in the product gas

are primarily carbon monoxide, hydro-

gen, and a little methane. Together they

constitute approx. 40% of the volume of

the gas when using air for the gasifica-

tion, while the residual part consists of in-

combustible gases such as nitrogen and

carbon dioxide. The major part of the tars

from the pyrolysis can be converted to

gas, if heated to 900-1,200 °C by passing

through a hot char gasification zone.

Many different types of gas generators

have been developed over the approx.

100 years the technology has been

known. Normally, gas generators are

classified according to how fuel and air

are fed in relation to one another. In the

following, development projects will be

used, which apply updraft gasifiers and

downdraft gasifiers. There are also other

gasification principles, e.g. fluidized bed

gasification, which has its stronghold in

large systems. Atmospheric fluidized bed

gasification of wood in large systems

may be considered fully developed

abroad. Also forced draught fluidized bed

gasification is used for expensive demo

systems abroad. The international devel-

opment is monitored, but it has not yet

been planned to have that type of system

constructed for wood in Denmark.

Updraft Gasifiers (Counter

Current Flow Gasification)

In updraft gasifiers (gas generators) the

combustion air is drawn in underneath

the grate in the bottom and passes the

fuel from beneath and upward (Figure

44). Fuel is fed from the top of the

gasifier undergoing the various pro-

cesses as it moves to the bottom of the

gasifier against the air and gas flow. In

traditional types of gasifiers, all sub-

stances that are produced during the

heating of the fuel, including tar and ace-

tic acid, will leave the gas generator with-

out having been decomposed first. Up to

20-40% of the energy may in that case

be bound in this tar. The gas cannot be

10. Gasification and Other

CHP Technologies

Air

Wood chips Wood chips

GasGas

Air
Ash Ash

A B Figure 44: Sche-

matic diagram of

the gas generator

principles, A -

downdraft gasifier,

B - updraft gasifier

/ref. 65/.
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used for driving engines without an inten-

sive purification, so therefore the applica-

tion of updraft gasifiers in connection with

wood makes heavy demands on the gas

purifying system. For the same reason,

updraft gasifiers in the 1940s were pri-

marily used for fuels with a low tar con-

tent such as anthracite and coke. /ref.

65/. The great advantage of the updraft

gasifier is its ability to gasify both very

wet fuels (up to a moisture content of

approx. 50%) and fuels with a low slag

melting point such as straw.

Downdraft Gasification (Co-Current

Flow Gasification)

Downdraft gasifiers fed with wood were

the predominant principle used for opera-

tion of cars during World War II. The fuel

is fed from the top of the gasifier, under-

going the various processes as it moves

downward to the bottom of the gasifier.

The air is injected either in the middle

section of the gasifier or from the top

above the fuel storage (Open Core prin-

ciple) and passes downwards in the

same direction as both the fuel and the

gases so developed (Figure 44). For tar

forming fuel such as wood, this principle

is particularly usable, because tar, or-

ganic acids, and other pyrolysis products

pass down through the combustion zone

and decompose to light, combustible

gaseous compounds.

In its traditional design the down-

draft gasifier principle has the drawback

that it is not suitable for fuels with a low

ash melting point. Straw will therefore not

be suitable, while wood can be used with

a good result. Another drawback is that it

requires relatively dry fuels with a max.

moisture content of 25-30%. When the

fuel is delivered directly from the forest, it

should be dried before it can be fed into

a downdraft gasifier. A modified design of

the downdraft gasifier according to a

two-stage principle is another option un-

der development at the Technical Univer-

sity of Denmark, and with this design it

has been possible to improve the weak

points of the downdraft gasifier.

Systems in Process of

Development

Updraft Gasification (Counter Current

Flow Gasification) System at

Harboøre

Ansaldo Vølund A/S has constructed the

system and operates a full scale gasifica-

tion system at Harboøre. The system is

designed for conventional forest chips

that can be fired without prior drying. The

system input is 4 MW and consists of an

updraft gasifier, gas purifying, and a gas

burner installed on a boiler, where the

gas is burnt for the generation of heat.

The heat is supplied to Harboøre Varme-

værk. The plant has been in operation

since 1993 only producing heat and the

plant holds the world record in respect of
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Figure 45: When Harboøre Varmeværk was put into operation, a large amount of oil was consumed for the supply of heat and only a

small amount of wood chips, but now the situation has been reversed. The figure showing the fuel consumption of oil and wood chips

per month illustrates that the reversal took place during 1996. The most recent couple of years the gasification system has covered

more than 90% of the town’s heat demand, and the oil boiler now plays a minor part.
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unmanned hours of operation with forest

chips as a fuel. At the same time ongoing

development has constantly increased

the system reliability, which currently

tends to even surpass the reliability of

conventional chip-fired plants.

The aim of the system is to produce

both electrical power and heat. This re-

quires thorough gas and water purifying,

because wet wood chips produce a gas

that contains relatively large amounts of

tarry condensate. Every effort has been

made to purify the gas to a level that

makes it fit for the purpose of gas en-

gines. This aim has most probably been

achieved by now, so in 1999 two gas en-

gines are being installed with output

(guarantee data) of 1.3 MWe. The electri-

cal power efficiency calculated from fuel

to electrical power is estimated at approx.

32%, based on the operating data for the

gasification system and the data pro-

vided by the supplier of the engine. The

future operating results shall prove

whether the updraft gasification technol-

ogy for CHP generation is now ready to

be commercialised.

Two-Stage Downdraft Gasification

Systems

Since the middle of the 1980’s, the Tech-

nical University of Denmark in Lyngby

has carried out research work in the field

of the gasification of biomass. At the be-

ginning, the activities were concentrated

on the gasification of straw, and new pro-

cesses were developed. The two-stage

process has been named so because py-

rolysis and char gasification processes

are kept separate from one another. A

system was constructed for 50 kW input,

and for the first time the researchers suc-

ceeded in demonstrating the operation of

an engine by using straw. Since then the

researchers have focused on wood.

At present a system set-up of 100

kW input with a test engine connected to

it has been installed at the Technical Uni-

versity of Denmark. Together with

Maskinfabrikken REKA A/S, a complete

system with 400 kW input capacity and a

100 kW gas engine has been con-

structed at a farm in Blære. The system

in Blære has been operated for more

than 100 hours generating CHP from the

gas engine. The Technical University of

Denmark has described in detail both the

theoretical aspects and demonstrated the

gasification process applied in practice,

so the process should now be considered

perfected. The practical tests have

shown that the system is capable of pro-

ducing perhaps the cleanest gas ever

produced by a gasification system. It is

also characterised by a high hydrogen

content. The two-stage system can man-

age higher moisture contents in the fuels

than other downdraft gasifiers, and due

to the efficient gasification process, the

condensate from the gas purifying plant

is so purify that it most probably can be

discharged without any further treatment.

As the process uses exhaust heat from a

connected engine as energy source for

the pyrolysis, this gasifier has a high en-

ergy efficiency.

Downdraft Gasification (Co-Current

Flow Gasification) in Høgild

The district heating system in the village

Høgild has a downdraft gasification sys-

tem as basic supply system. The system

was built by Herning Kommunale Værker.

When the gas from the gasifier has been

purified by passing a wet scrubber and a

fine filter, it is used as a fuel in a gas en-

gine coupled to an electric generator. As

with the original downdraft gasifiers, the

air is injected in the middle section of the

system. The fuel is dried blocks of indus-

trial wood, while it has not yet been pos-

sible to use forest chips with a good re-

sult. The gasifier was originally bought in

France in 1993, but toward the end of

1997, it had to be totally replaced. Only

the gas engine and fine filter from the

French system was kept. As a replace-

ment a new Danish construction of a

downdraft gasifier from Hollensen

Ingeniør- and Kedelfirma ApS (engineer-

ing and boiler enterprise) was installed.

The retrofit system was put into operation

in January 1998 and has already been

operating for more than 1,500 hours gen-

erating electrical power /ref. 66/. Thus it

is the system in Denmark so far (Novem-

ber 1998) with most hours of generating

electrical power. The input is approx. 500

kW, while the electrical power output is

approx. 120 kW. The electrical power effi-

ciency is 19-22% according to informa-

tion provided.

Open Core Downdraft Gasification

(Co-Current Flow Gasification)

The development project that started as

a pilot project with Force Technology be-

ing the project manager, was based on

the fuel characteristics of forest chips

Figure 46: The Technical University of Denmark’s 100 kW two-stage gasifier consists

of a feeding system, a preheated pyrolysis unit, a gasification reactor, and air- and

steam inlet. Wood chips are transported from the feeder to the pyrolysis tube. In the

test system the pyrolysis tube is heated by the gas from a LPG-gas burner flowing in a

vessel outside the pyrolysis tube; (in “real” systems exhaust gas is used). The pyrolysis

products and char are fed from the top of the gasifier where air and pyrolysis gas mix.

The gas so produced passes though the char and out though the gasifier reactor,

whereby a cyclone separates the largest particles.
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and the Open Core principle of gasifica-

tion that had shown successful results

abroad based on wood chips.

The concept behind the system is

designed for ordinary wet forest chips

that are dried in a rotary drum drier

heated by residual heat from the gas en-

gine before it reaches the gasifier. In

1995 the construction and testing of a pi-

lot system with a gas generator and gas

purifying at Zealand was implemented.

The system input is 210 kW, and it is ca-

pable of operating a gas engine with an

approx. 50 kW electric generator. In the

developed Open Core gas generator, the

air for the process is injected at several

stages, so that a partial combustion of

the pyrolysis gas takes place, similar to

that of the Danish Technical University

two-stage gasification system set-up, be-

fore it passes through the char bed.

So far the test system has had

approx. 350 manned hours of operation

in connection with testing. In November

1998 a gas engine was coupled to it in

order to also acquire practical operating

experiences with the engine. At the first

actual start-up of the engine, it was oper-

ated non-stop for 24 hours before it was

decided to stop the testing. This was fol-

lowed up by operating testing over five

days in December 1998, when 100 hours’

non-stop successful test operating of the

system was completed. Of the 100

hours, 86 hours were used for operating

the engine.

New Gasification Projects

At the end of 1998, several new gasifica-

tion projects were implemented.

Thomas Koch Energy A/S is devel-

oping a downdraft (co-current) two-stage

Open Core gasifier based on De La

Cotte’s principle. The gasifier will gener-

ate electrical power in the range of

50-1,000 kWe and use wood chips as a

fuel. The gasifier consists of an internally

heated pyrolysis unit that is situated

above a combustion chamber and en

char gasifier. In the pyrolysis unit the

wood chips are separated into tarry gas

and char. The tarry gas is burnt in the

combustion chamber, and the char is

gasified by means of the heat from the

burning of the gas. Gas passes via a cy-

clone, a cooler, and a filter to an engine,

where electrical power and heat are gen-

erated. The system rated output is 60

kWe, and it is financed by the Danish En-

ergy Agency and Thomas Koch Energy

A/S and is expected to be put into opera-

tion in August 1999.

Danish Fluid Bed Technology ApS

(DFBT) and the Technical University of

Denmark, Institute for Energy Technol-

ogy, carry on a project supported by the

Danish Energy Board for testing and fur-

ther developing an innovative circulating

fluidized bed (CFB) gasifier. Initially, the

intention behind the gasifier is to use it as

a so-called coupled gasifier, i.e. for co-fir-

ing with straw at power plants. The

gasifier can operate at relatively low tem-

peratures, thereby avoiding both prob-

lematic ash melting and crude gas cool-

ing. It is expected that the concept will be

suitable for other types of biomass, in-

cluding pulverised dry wood. The con-

struction height will be considerably lower

than in normal CFB-gasifiers which will

hopefully contribute to making the

gasifier competitive in sizes down to an

input of 1-2 MW. Thus combustible gas

can be produced for e.g. small boilers, in-

directly fired gas turbines, and (larger)

Stirling engines. At present a test system

is being constructed for inputs in the

range of 50-75 kW at the Danish Techni-

cal University, and the first operating ex-

periences based on straw will be avail-

able in the spring of 1999.

KN Consult ApS has been granted

an amount of money by the Ministry of

Environment and Energy for dimensio-

ning, constructing and testing a 150 kW

test gasifier for the gasification of straw

according to the principle of updraft gasi-

fication. The test gasifier is a pilot project

of the actual project “Updraft gasification

of straw” that deals with dimensioning

and putting into operation a 500 kW test

system for the gasification of straw. The

work will be carried out in co-operation

with KN Consult Polska Sp. z o.o. in Po-

land, and the results of the 150 kW sys-

tem will be available during 1999.

CHP with Combustion

The hot flue gases from the conventional

combustion of biomass in boiler systems

can also be utilised for small scale CHP

Figure 47: The

gasification system

in Høgild is now a

retrofit system

which fully meets

the Danish stan-

dard. Preben

Jensen from Her-

ning Kommunale

Værker in front of

the new gasifier.
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generation. Two projects under develop-

ment concerning a Stirling engine and a

steam engine respectively will prove it in

practice.

Stirling Engine

In the Stirling engine there is no combus-

tible gaseous fuel mixture in the engine

cylinders, but only a gas as the working

fluid which is heated and cooled by turns.

The heat for the Stirling engine working

fluid comes from the combustion process

as known from conventional grate fired

systems. The transfer of the heat from

the combustion process to the engine

working fluid takes place by means of a

heat exchanger.

At the Technical University of Den-

mark, a project is underway on the devel-

opment of three engines with electrical

power outputs of 9, 35, and 150 kW re-

spectively. The 9 kWe engine is designed

for gaseous fuels, e.g. natural gas and

biogas and will not be described in more

detail. The 35 kWe engine is supported

by the Danish Energy Agency, and the

project is carried through in co-operation

with the enterprises Danstoker a•s, I.B.

Bruun, and Klee & Weilbach. Maskin-

fabrikken REKA A/S, has developed the

combustion unit for the first system in

co-operation with Planenergi A/S.

Ansaldo Vølund R&D is developing the

combustion unit for the next system.

The design of a 150 kW engine was

carried out with support from ELKRAFT

A.m.b.a., but in 1998, the work was sus-

pended, the reason being that the deci-

sion whether or not to manufacture a pro-

totype is awaiting the experiences ac-

quired from operating the 35 kWe engines.

The Danish Technical University’s

Stirling engine is designed for the pur-

pose of utilising biomass only. The heat-

ing surface design is based on the expe-

riences acquired from the kind of bio-

mass systems that are working at high

temperatures. It is characteristic for the

Danish Technical University’s engine that

it is hermetical in the same way as a her-

metical refrigerator compressor. The

electric cable is the only external connec-

tion, and even the cable entry point has

been sealed. Inside the pressurised en-

gine casing are both the engine mechani-

cal parts, which have greased bearings,

and the electric generator itself. The diffi-

culties in connection with leakage of

working fluid (gas or oil) in the working

spaces, troubling other Stirling engine

producers, have been avoided.

A high temperature at the heating

surfaces is decisive for a high engine effi-

ciency. In practice this means 650-700 °C,

so when the flue gas leaves the heating

surface, it still contains much energy.

When leaving the engine, the hot flue gas

can be utilised for preheating the combus-

tion air, and not until then is the remaining

part of the flue gas heat used in a boiler.

The hot combustion air exhausted by the

engine increases the entire temperature

level in the combustion system and makes

heavy demands of the combustion cham-

ber design and the choice of material. The

risks of slagging and deposits on the en-

gine heating surfaces have been taken

into account when designing the combus-

tion system for the engine. The heating

surfaces have also been designed with

the particle content in the flue gas in mind.

Large dimensions and large spaces be-

tween the heating surface tubes have

been used in order to avoid depositions

clogging it.

A complete demo plant with 35 kWe

engine for firing with forest chips has

been developed and put into operation.

The system is set up at a farm in Salling,

and so far it has operated for approx. 700

hours (September 1998) for CHP genera-

tion. It is perhaps the first Stirling engine

in the world that has demonstrated un-

manned automatic operation for a long

period of time with forest chips as a fuel.

The electrical power efficiency is 18-19%

when operating on forest chips with a

moisture content of 49%. Overall fuel uti-

lisation efficiency is more than 90%. It

has only been necessary to purify the en-

gine heating surfaces once after approx.

500 hours’ operation /ref. 79/. With this

construction the problems of dust and

slagging that can otherwise close the

heating surfaces by depositing, have

been avoided, nor is there any sign of

corrosion. The positive experiences ac-

quired from this heating surface design

are among the most important partial

aims of the project. The testing has also

proven that the system is capable of us-

ing wood chips and bark with a moisture

content of up to 60%. It is most probably

the powerful preheating of the air that

contributes to the system capability of

coping with the above-mentioned fuel

moisture contents.

If including the initial engine testing

on natural gas, the system has operated

for more than 1,000 hours. This is an im-

pressive performance that can be consid-

ered a major breakthrough for the Stirling

engine, and the Danish Technical Univer-

sity’s engine thus seems a really promis-

ing system for small scale CHP genera-

tion.

A new 35 kWe engine subsidised by

the Danish Energy Agency is being de-

veloped. Based on experiences acquired

from the first 35 kWe engine, the engine

design has been modified. The new en-

gine is much simpler to construct and as-

semble than the first prototype. At the

same time it is expected that the new en-

gine has improved efficiencies. The en-

Chimney

Stirling engine

District
heating

Air preheater

Secondary air

Primary air

Chip-fired boiler

T = 80 C°

T = 764 C°

T = 1.200 C°

T = 60 C°

T = 600 C°

Figure 48: The

heating system of

the first Stirling en-

gine is based on a

conventional boiler,

which has been

modified so that the

ash particles do not

deposit on the en-

gine heating sur-

faces. The electric

generator is built

into the engine, so

that all its moving

parts are under

pressure and leak-

age avoided

/ref. 67/.
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gine is equipped with a high temperature

gas burner and an updraft gasifier for

wood chips, developed by Ansaldo

Vølund R & D. The system is expected to

be ready for testing during the second

half of 1999.

Steam Engine

Steam engines represent a familiar tech-

nique invented before the combustion

engine. It is in fact considered the starter

of the Western industrialisation, because

it efficiently - by the standards of that

time - could supply mechanical energy to

the machines of industry. Today there is

Gasification and Other CHP Technologies

still a potential of the steam engine in

small scale CHP.

With a view to producing a modern

steam engine, a prototype is in the pro-

cess of development by Milton Andersen

A/S and Force Technology. The aim is to

avoid the technical drawbacks and low

efficiencies which previously were con-

nected with steam engines. The project

is supported by the Danish Energy

Agency and EU.

The main problems associated with

the old types of engines were that lubri-

cating oil leakages at the cylinders

spoiled the steam quality, and that the

old-fashioned slide-valve gear resulted in

low efficiencies.

A two cylinder prototype has been

constructed with a steam pressure of 24

bar and a steam temperature of 380 °C

with oil-free piston rings of graphite and

computer supervised servo-hydraulically

controlled valves. The prototype is rated

for an output of 500 kWe. The initial test-

ing of the prototype has been carried

through, and it is now being connected to

a steam supply at an industrial enterprise

with a view to load testing and perhaps

long-time testing of the engine.
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Further Information

12.1 Further Information Ireland

The following list includes Government

agencies, centres for technology, institu-

tions and trade associations in Ireland

that may provide information on wood as

a source of energy. However, we recom-

mend that you log onto

www.woodenergy.ie for up-to-date con-

tacts and links.

COFORD

Arena House

Arena Road, Sandyford

DUBLIN 18

Tel: +353 (0)1 2130725

Fax: +353 (0)1 2130611

Email: general queries

info@coford.ieWood energy queries

info@woodenergy.ie

www.coford.ie

www.woodenergy.ie

IrBEA - Irish Bioenergy Association

Rural Development Department

Tipperary Institute

Thurles, Co. Tipperary

Tel: +353 (0)504 28105

Fax: +353 (0)504 28111

Main Contact Person: Kevin Healion

Email: khealion@tippinst.ie

www.tippinst.ie

Waterford Institute of Technology

Tom Kent

Cork Road, Waterford

Tel: +353 (0)51 302646

Fax: +353 (0)51 302679

Email: tkent@wit.ie

www.wit.ie

Tipperary Institute

Kevin Healion

Sustainable Rural Development

Nenagh Road

Thurles, Co. Tipperary

Tel: +353 (0)504 28000,

E-mail: info@tippinst.ie

www.tippinst.ie/courses/srd/index.htm

Dundalk Institute of Technology

Centre for Renewable Energy

Dundalk, County Louth

Tel: +353 (0)42 9370299

Fax: +353 (0)42 932 8638

Email: credit@dkit.ie, www.dkit.ie

12. Further Information
Sustainable Energy Ireland - Renewable

Energy Information Office

Shinagh House

Bandon, Co. Cork.

Tel: +353 (0)23 42193

Fax: +353 (0)23 29154

Email: renewables@reio.ie

http://www.sei.ie/reio.htm

12.2 Further information

in Denmark

The following list includes centres for

technology, institutions, trade associa-

tions, and authorities that can give infor-

mation and guidelines on the application

of wood as a source of energy in Denmark.

Danish Technological Institute

Teknologiparken

Kongsvang Allé 29, DK-8000 Århus C

Tel: +45 7220 1000, Fax: +45 7220 1212

E-mail: biomass@dti.dk

Force Technology

Energy and Fuels

Park Allee 345, DK-2605 Brøndby

Tel: +45 4326 7000

E-mail: force@force.dk

www.force.dk

Forest and Landscape Denmark

Hørsholm Kongevej 11

DK-2970 Hørsholm

Tel: +45 3528 1503, Fax: +45 3528 1517

E-mail: nihe@kvl.dk

www.fsl.dk

Danish Energy Agency

Amaliegade 44, DK-1256 Copenhagen K

Tel: +45 3392 6700, Fax: +45 3311 4743

E-mail: ens@ens.dk

www.ens.dk

Danish Environmental Protection Agency

Strandgade 29, DK-1401 Copenhagen K

Tel: +45 3266 0100, Fax: +45 3266 0479

E-mail: mst@mst.dk

www.mst.dk

National Forest and Nature Agency

Haraldsgade 53

DK-2100 Copenhagen Ø

Tel: +45 3947 2000, Fax: +45 3927 9899

E-mail: sns@sns.dk

www.sns.dk

Technical University of Denmark Dept.

Mechanical Engineering

DTU Forsøgsområde 120, Nordvej

DK-2800 Kongens Lyngby

Tel: +45 4525 4172

www.bgg.mek.dtu.dk

The Danish Forestry Society

Amalievej 20

DK-1875 Frederiksberg C

Tel: +45 3324 4266, Fax: +45 3324 0242

E-mail: info@skovenes-hus.dk

www.skovforeningen.dk

Danish Land Development Service

Klostermarken 12, DK-8800 Viborg

Tel: +45 8728 1000, Fax: +45 8728 1001

E-mail: sl-drift@hedeselskabet.dk

www.hedeselskabet.dk

Danish Forestry Extension

Amalievej 20

DK-1875 Frederiksberg C

Tel: +45 3324 4266, Fax: +45 3324 1844

E-mail: info@df-extension.dk

www.df-extension.dk

Electricity Utility Group ELSAM

Overgade 45

DK-7000 Fredericia

Tel: +45 7622 2000, Fax: +45 7622 2009

E-mail: info@elsam.dk

www.elsam.dk

Danish District Heating Association

Galgebjergvej 44

DK-6000 Kolding

Tel: +45 7630 8000, Fax: +45 7552 8962

E-mail: dff@dff.dk

www.danskfjernvarme.dk

Association of Danish Manufacturers of

Biomass Boilers

Islands Brygge 26

Postboks 1854

2300 København S

Tel: +45 3393 2000

www.fofa.dk

Test Laboratory for Small Biofuel Boilers

Danish Technological Institute

Teknologiparken

Kongsvang Allé 29

DK-8000 Århus C

Tel: +45 8943 8556, Fax: +45 8943 8543

www.danishtechnology.dk
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List of harvesting equipment and boilers

13. List of harvesting equipment

and boilers
13.1 Chippers & Residue

Bundlers

A list of suitable equipment is available

on the Wood Energy website

www.woodenergy.ie. To access a list of

biomass harvesting and chipping equip-

ment please click on the following link,

then follow «Wood Chipper also in Eng-

lish» link where a translation is available

http://www.kwf-online.de/deutsch/in-

dex.htm

13.2 Wood Biomass Boilers

For a full up to date list we recommend

that you log onto www.woodenergy.ie

There are several homepages that pres-

ent reviews of available boilers for bio-

mass, which have been approved ac-

cording to European standards:

http://www.clear-skies.org/households/

RecognisedProducts.aspx?intTechnology

ID=45 (Great Britain)

http://www.fnr-server.de/cms35/Feste_

Biomasse.980.0.html (Germany)

http://www.biomasse.teknologisk.dk/

kedler/listen_soegning.asp (Denmark)

Here following is a list of the main

suppliers from Denmark.

Large Boiler Systems from Denmark:

Babcock & Wilcox Vølund ApS

Falkevej 2

DK-6705 Esbjerg Ø

Tel: +45 7614 3400

www.volund.dk

Danstoker a•s

Industrivej Nord 13, P.O. Box 160

DK-7400 Herning

Tel: +45 9712 6444

www.danstoker.dk

FLS miljø a/s

Teknikerbyen 25

DK-2830 Virum

Tel: +45 4585 7100

www.flsmiljo.com

Hollensen Ingeniør- og Kedelfirma ApS

Drejervej 22

DK-7451 Sunds

Tel: +45 9714 2022

www.hollensen.dk

Weiss A/S

Plastvænget 13

DK-9560 Hadsund

Tel: +45 9652 0444

www.weiss-as.dk

List of Danish manufacturers of

approved small boilers:

See also

www.biomasse.teknologisk.dk/kedler/

listen_soegning.asp for an up-to-date list

of approved types of boilers

Alcon ApS

Frichsvej 11

DK-8464 Galten

Tel: +45 86662044

Fax: +45 86662954

Email: alcon@post6.tele.dk

www.alcon.nu

BAXI A/S

Smedevej

DK-6880 Tarm

Tel: +45 97371511

Fax: +45 97372434

www.baxi.dk

Brændstrup Smede- og

Maskinværksted

Røddingvej 7

DK-6630 Rødding

Tel: +45 74821334

Fax: +45 74820762

Email: bsm@bsmkedler.dk

www.bsmkedler.dk

CN Maskinfabrik A/S

Skovløkkevej 4

Tiset

DK-6510 Gram

Tel: +45 74821919

Fax: +45 74821920

Email: cnm@io.dk

www.cn-maskinfabrik.dk

Dan Trim Energi og El Aps

Bødkervej 2

DK-7480 Vildbjerg

Tel: +45 97133400

Fax: +45 97133466

Email: dantrim@dantrim.dk

www.dantrim.com

E. H. Stoker

Hedevej 4, Barde

DK-6920 Videbæk

Tel: +45 97175427/97164206

Email: e.h.stoker@get2net.dk

www.ehstoker.dk

Karby Smede- og Maskinværksted

Næssundvej 440

DK-7960 Karby

Tel: +45 97761072

Fax: +45 97761372

Email: salg@ksm-karby.dk

www.ksm-karby.dk

Maskinfabrikken Lin-Ka

Postboks 2

DK-6940 Lem

Tel: +45 97341655

Fax: +45 97342017

Email: linka@linka.dk

www.linka.dk

Overdahl Kedler ApS Hjallerup

Hjallerupvej 21

DK-9320 Hjallerup

Tel: +45 98281606

Fax: +45 98281110

www.overdahl-kedler.dk

P&H Energy Aps

Bjørnevej 8

DK-7800 Skive

Tel: +45 70238811

Fax: +45 70238812

Email: ph@ph-energy.dk

www.ph-energy.dk

Passat Energi A/S

Vestergade 36

Ørum

DK-8830 Tjele

Tel: +45 86652100

Fax: +45 86653028

www.passat.dk
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Pilevang AS

Havrebjergvej 57

DK-4100 Ringsted

Tel: +45 57611956

Fax: +45 57611317

www.pilevang.dk

Power-Matic ApS

Blommevej 28

DK-8900 Randers

Tel: +45 86409142

Fax: +45 86401986

www.powermaticstoker.dk

REFO ENERGI

Svansbjerg 15

DK-4681 Herfølge

Tel: +45 23313316

Fax: +45 23229935

Email: refo.energi@post.tdcadsl.dk

Maskinfabrikken Reka A/S

Vestvej 7

DK-9600 Aars

Tel: +45 98624011

Fax: +45 98624071

www.reka.com

Twinheat TT Smede- og Maskinværksted

Nørrevangen 7

DK-9631 Gedsted

Tel: +45 98645222

Fax: +45 98645244

www.twinheat.dk

Varmehuset A/S

Frichsvej 40A

DK-8600 Silkeborg

Tel: +45 86826355

Fax: +45 86826503

www.varmehuset.dk

Vølund Varmeteknik

Brogårdsvej 6

DK-6920 Videbæk

Tel: +45 97172033

Fax: +45 97172933

www.volundvt.dk

List of harvesting equipment and boilers
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List of Wood Biomass Installations in Ireland

Demonstration

• Coillte Headquarters - Wood pellet fu-

elled boiler to heat a substantial office

block

• Independent Biomass Systems

(Graingers Sawmills/SWS Group) -

Combined heat and power plant fuelled

on sawmill residues

• Camphill Community Centre - Heating

plant fuelled on woodchips

Non-demonstration

Traditionally wood biomass has been

used in the wood product sector for the

generation of process heat. The follow-

ing are a list of some of the companies of

wood biomass heating plants in Ireland

• Smartply

• Masonite

• Sinsa

• Weyerhaeuser Europe Limited

14. List of Wood Biomass

Installations in Ireland
In addition, many of the sawmills use bio-

mass as a source of energy for drying

timber.
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Units, Conversion Factors, and Calorific Values

Conversion factors concerning units of energy

1 kilojoule [kJ] = 1000 J

1 megajoule [MJ] = 1000 kJ

1 gigajoule [GJ] = 1000 MJ

1 terajoule [TJ] = 1000 GJ

1 petajoule [PJ] = 1000 TJ

1 kWh (kilowatt-hour) = 3.6 MJ = 860 kcal (kilo calories)

1 MWh (megawatt-hour) = 3.6 GJ

1 GWh (gigawatt-hour) = 3.6 TJ

1 TWh (terawatt-hour) = 3.6 PJ

Conversion factors concerning units of power

1 kilowatt [kW] = 1000 W

1 megawatt [MW] = 1000 kW

1 gigawatt [GW] = 1000 MW

1 megajoule per second [MJ/s] = 1 MW

1 horsepower [HP] = 632 kcal/h = 0.735 kW

Conversion factors concerning quantities of wood chips, energy, and calorific value

Cubic content/weight:

1 cubic metre of solid content of wood chips takes up approx. 2.8 cubic metres

1 cubic metre of wood chips contains approx. 0.36 cubic metre of solid content

1 cubic metre of wood chips weighs approx. 250 kg*

1 tonne of wood chips fills approx. 4.0 cubic metre*

1 tonne of wood chips contains approx. 1.4 cubic metre solid content wood*

Calorific value:

Calorific value in1 cubic metre of wood chips = 2.6 GJ*

Calorific value in1 cubic metre of solid content wood chips = 7.3 GJ*

Calorific value in1 tonne of wood chips = 10.4 GJ*

Calorific value in 1000 litres fuel oil = 14 cubic metre wood chips*

Calorific value in 1000 cubic metre natural gas = 15 cubic metre wood chips*

1 megatonne (Mt.) (1 million tonnes of oil equivalent, crude oil) = 41.868 PJ

1 tonne of fuel oil = 42.7 GJ

1000 litres of fuel oil = 36.0 GJ

1 litre of fuel oil = 36.0 MJ = 10 kWh

For forest chips of Scandinavian origin consisting of primarily pine, spruce and birch wood:

Hn,v = 19.2 - (0.2164 × F)

(GJ per tonne total weight)

For mixed wood chips of various origin consisting primarily of hardwood of unknown mixture:

Hn,v = 19.0 - (0.2144 × F)

(GJ per tonne total weight)

* The calculations are based on wood chips of Norway spruce. The starting point is Norway spruce with a basic density (solid matter

content) of 400 kg per cubic metre of solid wood and wood chips with a moisture content of approx. 40% which is equal to the mois-

ture content in storage-dry wood chips.

15. Units, Conversion Factors,

and Calorific Values









“Wood for Energy Production”, Irish edition, is a readily understood
guide to the application of wood in the Danish energy supply,
adapted to the Irish circumstances. The first edition was named
“Wood Chips for Energy Production”.

It describes the wood fuel supply chain from forest to consumer and
provides a concise introduction to technological, environmental, and
financial matters concerning heating systems for farms, institutions,
district heating plants, and CHP plants. The individual sections deal
with both conventional, well known technology, and the most recent
technological advances in the field of CHP production as well.

The purpose of this publication is to reach the largest possible num-
bers of people, and it is so designed that the layman will find its back-
ground information of special relevance.

“Wood for Energy Production” has also been produced in Danish,
English, German, Polish, Russian, Bulgarian and Rumanian.


