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PREFACE
Background

Energy crops are agricultural and woody crops which can be used for energy generation.
Two of the main reasons to consider energy crops are 1) they are a renewable, CO; neutral
source of fuel supply, and 2) they can be grown on set-aside land. This European Union
Concerted Action has been initiated to summarize the state-of-the-art of the use of energy

crops across Hurope.

The goal of this Concerted Action is to:

1} give a concise picture of how energy crops are used across Europe;
2) identify which parties are using energy crops;
3) stimulate new research and new developments in all areas of energy crop production,

processing, and ufilization,

Country reports bave been commissioned to assess the situation of energy crops in each
country. This report contains the latest advances in energy crops for Sweden.

Definition of scope

Energy crops discussed in this study comprise crops grown specifically for end-use as heat,
electricity, or liquid foel. Bxamples include short-rotation woody crops such as eucalyptus,
poplar, and willow, and agricultural crops such as canary reed, hemp, miscanthus, reed, and
sorghum. For Sweden the presentation is limited to willow and reed canary grass, the two
most ?romising energy crops so far. Normal forest woods harvested in a long rotation and
used in CHP plants or lumber mills are not included here. Straw is also not included, as it
is a by-product of cereal production. In certain cases, straw technologies may be described
when other energy crop technologies do not exist. This study therefore is not concerned with
biomass in general, but energy crops in particular. However, as energy crops information
will often exist in the context of biomass in generd, biomass topics and gouls will be

included to the extent necessary.

The goal of this report is 1o review the latest advances of energy crops in Sweden, and to
identify research gaps and colluboration opportunitics for energy crops’ future in the energy

supply of this country.




Audience

This report is intended as a state-of-the-art overview for potential end-users of energy crops.
In addition, it is intended as a resource for policy makers and planners who need concise.
complete information on energy crops, as well as consultants and advisors to the energy
sector.

Methodology

The Swedish country overview was carried out by contacting the relevant experts and
institutions in three categories of energy crop use: production, harvesting & processing, and
utilization. The intention of the study is to utilize the most up-to-date published and existing
information. No new research was done, rather, the report was compiled from existing
reports and information from institutes, References and contacts are listed beginning on page
93.

The report is divided into the following chapters:

1 National Overview Summary and national overview of energy crops in Sweden.

2 Production: including everything up to the moment of harvest.

3 Harvesting & Processing Including everything from harvesting to the utilization
plant gute.

4 Utitization Including everything from the plant gate 1o the useable form of energy.

5 Conclusions

Within each chapter the key technical, agricultural, financial, economic, energy, and
environmental aspects are reviewed as section topics. The same format has been fotlowed
tor cach European country to altow comparison between sectors, The findings of the country
reports will be summarized in a final report and presented at the st European Energy Crops
Conference on 30 September and | October, 1996, in the Netherlands.

The exchange rate between Swedish curraney and the ECU used in the report is 8.30
SER/ECU, which was valid the 20th May 1996,
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1.1

1.1.1

INTRODUCTION
NATIONAL POLICIES AND MAJOR PARTIES
Mational pelicy on energy

As a result of the oil price shock in the 1970°s, the political interest in eploitation of
alternative energy sources was awakened. Mainly in order to reduce the dependency on oil,
energy policies was directed towards increased support for bioenergy production. Later,
alarming reports on the greenhouse effect has been an important driving force. The last ten
years there ha also been a need for alternative use of agricultural land due to surplus
production of food.

The overall political aim in the 1990’s has so far been to provide an energy supply based
to a greater extent on renewable energy resources and techniques with few pollutants and
tow net contribution of greenhouse gases.

There are four basic political agreements on the strategy of energy "production” in Sweden:
i The nuclear power is to be closed. This was the result of a referendum 1930,
2 New large hydro power stations are not allowed to be built

3 The net emissions of CO, is to be reduced to the level of 1990 by year 2000 and
after that continuously reduced

4 The industry with heavy demand of electricity shall not suffer any substantial damage
caused by lack of electricity to reasonable prices

The realism of combining the four objectives and the actual meaning of the referendum and
parlament decision following the refercadum concerning nuclear power are continuously

discussed. However, these four points are at the moment the offictal politic.

Natural gas is available along the west coast of Sweden. More gas could be distributed from
Norway and from Russia via Finland. At the moment there are no pipelines build connecting
Sweden to existing pipelines. If a new line through Sweden should be built, this would in
all probability have a very negative impact on the expansion of the use of biofuels in the
area close to this line.

In changing the encrgy system, big expectations are put on fores{ry,'where Sweden has it’s
targest potential of biofuels. Forest energy is already well adapted on the market. 1994 the
use of forest energy was some 250 PL The biggest part, 170 PI, was used within the forest
industry, the rest, 38 PI, in district hecating plants and in private houses. According to most
experts this amount could, both practically and biologically, be doubled to 500 PJ per year.
The practical potential in agriculture is in different studies cstimated to be between 50 and

170 PJ per year, The use of agricultural fucls the winter of 1995/96 has been between 800

9
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and | (00 ha of Salix (0.4 PI), some hundred tonnes of arass {0,003 P and some 20 000
tonnes of straw (4,3 P3). The total use of energy in Sweden 1994 was | 400 Py

Historical backgrountﬁ

As a result of the oil crisis a broad research approach for biofuels was started in Sweden.
For energy crops the concentrated efforts started with broad leaf trees including willow from
1975, During the period 1981-1986 a broad approach for energy crops through the reseach
programme Agrobioenergy was performed with the Swedish University of Agricoltural
Sciences (SLU) and the Swedish Institute of Agricultural Engincering (JTIY as main actors.
Many different agriculiural crops were invcsii.gmcd concerning yield and thetr potental for

solid fuel and/or biogas and liquid fuel applications.

High yields were obtained with different poplar, willow and aider species and of all tested
grasses reed canary grass gave the highest yields. As the economic analysis showed that the
potential was highest for willow the energy research programme was concentrated to
different species of Salix with a dominance to select and evaluate different clones of Salix
viminalis. The research programme has been covering all aspects of importance for the
introduction of willow as production biology and fechnique tor production of cuttings,
plantation technique and harvesting technique. In later vears the governmental Programme
has been concentrated to more basic rescurch concerning biological and envirenmental
aspects and the technical development has been concentrated fo an applied progrimme
administered by the Swedish Farmers Association for Research and Development (SLEY.
The combined programmes have been successtul as high yielding clones with good tolerance
to frost, pest and rust have been developed. The technical development for plantation has
also been successful as the new technique has decreased the plantation costs o about
600 ECU per ha today compared to about | 200 ECU 1990, The harvesting technigue
development has also been successful and the direct chipping method developed can today

be used on a commercial basis.

For reed canary prass the rescarch efforts has been much fower. In 1989 a research
programme (or development of the crop for north Swedish conditions started. This
prografime was concentraied on the developmaent of new harvesting methods with Jess
weather dependence. The studies resulted in a proposal for development of the detuyed
harvest method, that is haevest during winter or spring. In 1992 4 national programnic
started with the main goal o evaluate the agronomic possibifities for this new mweihed in
Sweden. Field trials were established all over Sweden and harvesting techinique studies were

started using conventional hay and straw making technigue.

The first evaluations from the programme have been published and the conclusion is that
the delayed harvest meihod can be used all vver Sweden. The net yields have so far been
highest in the north parts of Sweden. As the amount of fields trials in the south has been
tow, it 1s seill not possible to estimate the foag time yield in this area. The teials have also
demonstrated that conventional Bay making and straw handling cquipment cap be used

althaugh o technigue modificd 1o 1his very dey and beittde material will fead oo sowalior
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1.1.3

harvesting loss. In the delayed harvest system the vield and quality of the crop has increased

with age of the leys which has not been the case in conventional harvest systems.

For northern parts of Sweden latest caleulations show that fuel from reed canary grass can

be produced at price levels comparabie o other biofuels, industrial waste products excluded.

The commercial introduction of willow and reed canary grass started 1991 when Sweden
got a new agricultural policy to decrease the overproduction of food. The intension of the
new policy was @ complete dereguiation ol the agriculiural business over a period of five
years. The guaranteed price level for grain and oil seed was gradually fowered. To give the
farmers an opportunity to develop the production of new crops and new markets there was
a one time grant per hectar paid to those who applied Tor i, The grant, based on average
grain crop yield in the production area, was up to 1 450 ECU/ha and the granted acreage
could be up to all of the land earlier used for grain and ofl seed. To keep the grant the

farmers was not allowed to produce any grain or oif seed during the period up to 1/7 1996,

Beside the above mentioned grant a financial support of 1 200 ECU/a for willow plantation
was introduced. This was available up to the establiishment peried of 1996. The new policy
fed to a rapid increase of willow as well as of reed canary grass establishments. After the
spring 1996 there will be about 16 500 ha of willow plantations. An extension of the
establishment support for Salix at the level of that in UK (£4040 per hectur) is at the moment

discussed. The latest estimation of the reed canary grass acreage, made 1992, was 4 600 ha.

The Swedish entrance to the common market {995 with increased subsidies for grain
production has dramatically changed the situation in Sweden. A deregulation of regulations
is no more the case. For reed canary grass, which has not a well established market for the
fuel, a dramatic decrease in the acreage can be seen. It is in many regions more profitable
to grow grain than energy grass again, For willow, with an established market. a slow
increase in plantation is foreseen. The pace will very much depend on the size of a possible
support. For the development after 1996 a support to the plantation costs is needed to
overcome the stiff high establishment costs and to motivate the furmers (o start with o crop
which need o produection Gme of at feast 15 years, maybe muny mosre, to give Tull economic

payment.

In 991 an investment support of 120 MECU {one billion SEK) was allocated for
production in biomass fuelled combined heat and power production during a peried ol five
years. Additional 75 MECU {625 MSEK) were allocated Tor demonstrations with new and

more efficient techniques for biomass based electricity production,
HEoergy and environmental taxes

The Swedish system of energy and environmental taxation distinguishes between taxes on
industry and taxes on other users. Since 1993, the general encrgy tax on industrial activities
has been levied at only 25 % of the rute applicable o other users. There will be a rise of
the gencral ciergy fax of 11 % the st of September 1996 and another HE % the Ist of July
1997,
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When producing electricity through combustion there is ne tax levied on the tuel used.
Instead, a tax is put on the conswmer price of the electricity. This tax varies with type of
customer. Industry pays no tax on electricity. The producer of the electricity has to pay a
fee for the emission of sulphur when burning oil, coal and peat though.

Table 1.1 General energy and environment taxes for indusiriaf users on gas oil, heavy oil, coal and nalural gas
as of the st January 1996, excluding value added tax

General Carbon dioxide Sulphur tax Total Tax
Fuet energy fax tax ECL/GJ
Gas il {<0.1% 5}, - 31.8 - 31.8 0.80
ECUm’
Heavy fuel ot (0.4 % - 31.8 13.0 44.8 1.14
Sj, ECU/im®
Coal, ECURonne - 27.6 18.1 45,7 1.87
Natural gas, - 23.7 - 23.7 0.80
ECUM 000 m’
Peat, ECLlonne - - 4.82 4.82 0.50

Table 1.2 General energy and environment taxes for other than industriafl users on gas oil, heavy oif, coal and
natiral gas as of the 1st January 1996, excluding value added tax

General Carbon dioxide Sulphur tax Total Tax
Fuel anergy tax tax ECU/GY
Gasg cif {<0.1% 8), VAR 127 - 198 5.56
ECU/m®
Heavy fual ol (0,4 % 71.1 127 13.0 211 5.42
8), ECtim’

L Coal, ECUMonne 30.2 110 18.1 159 582
Matural gas, 23.0 394.9 - 118 3.05
FCUM 000 m’

| Peai, ECUWonne - - 4.82 4.82 0.50

Biomass from field and wood arc cxcmpl from taxes on sulphur and carbon dioxid

£IRISSIOnS,

All energy plants with combustion and gas turbines with a yearly production of more than
144 T) pays a fee of 4,1 BECU/kg cmitied NGO, Fees are seutral realtive o the national
hudget, whilst those with fower emissions than the average ol the vear will recieve the
pathered su ol fees as refunds, The system provide o strong Gnanceadincentive for

investments i cquipment iniended (o reduce the NO, enassions.
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The tax system has favored biomass in front of fossil fuels. Several diétrict heating plants
have since 1970 been converted from oil to wood fuels. The development during 1980-1994
is shown in figure 1. In 1993, 190 district heating plants were in operation. About half of
these used wood fuels as main fuel, and approximately 30 could produce both heat and
electricity. Besides the use in district heating, 170 PJ of wood fuels were used in industry
(1994},

40

Year

Figure 1. Use of wood fuels in Swedish district heating systemg™0

The price tor biomass fuels, not upgraded, used in the district heating and power plants vary
between 2.0 and 4.2 ECU/GI with an average close to 3.7 ECU/MYI. The corresponding
price for coal, taxes included, is 7.5 ECU/MLI.

Major parties

Major organisations taking part in the development of energy crops are on the financing side
Swedish State Technical Board (NUTEK) and the Swedish Farmers’ Foundation for
Agricultural Rescarch: Substantial contributions have also come from Swedish Board of
Agriculture, the Swedish Council of Forestry and Agricultural Research and the state owned

electric company Vattenfall.

Research and development is mainly conducied at some twenty departihents within {he
Swedish University of Agricultural Sciences and ai the Swedish Institute of Agricultural
Engineering. The commercial implementation of Salix is to a high degree conducted by a
development company "Agrobrinsle AB” owned by Swedish farmers’ organisations.

Adresses to the parties mentioned are available in Annex [.
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1.2 PROGRAMMES AND PROJECTS

Fable 1.3 Overview table of research programmes concerning Salix and reed CANATY LTAss

Programme Short roltion Short rotution Straw and grass Wood {ucls
willow coppice - witlow coppice - fucls
research development

Crop Sulix Salix Reed canary Forestey

Peviod of activity

1963-06

1992-65

grass

19941997

FOU3- 1904

BBudpet, MECD 4.7 36 12 3u

Project coordinator Nos. ] 2 2 H

(Annex 1)

Programsme Biogas Jemonstration Ethanol Ethanol
CHCEEY CRODS

Crop Ley crops "Waond" “Wond"

Period of activity 19493-96 100¢- 94-G6

Budget, MECU 1.4 1.8 Gy sS4

Peoject coordinator Nos. 2 2 I i

(Annex 1)

The total public budget distributed by the Swedish State Technical Board (NUTEK) during
the period of 1975-1995 to research on the use of biomass for energy purposes has been
400 MECU, 20 % of the budget on the production of the fuel and the rest on conversion
technology. This includes also bioenergy from forest, Concerning conversion, just about ali
research is about wood fuels. In addition to the public programmes adminisirated by
NUTEK, there are other organisations dealing with financial support 1o various R&D

programines.

R&D in the ficld of energy crops has been conducted by goverment support since 1975, In
the beginning the programme was directed lowards plantation of fust growing broad-leaves
trees on peat and marginal agricoftural land, In a programme running 1981-1986, a laree
number of potential crops were tested. The crops with highest potential yield in this study
was reed canary grass (Phalaris arundinacea) and willow (Salix viminalis). The economical
analysis at that moment showed that willow had a potential to be developed o an
competitive energy crop whereas reed canary grass with existing technique could not be
competitive. The development was of these reasons concentrited to willow. The
development of reed canary prass did not start untid 1991, when new production melhods

described later was suggested. These two crops, Sadix and reed canary grass, has heen
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1.2.1

1.2.2

considered © be the onces practically and cconomically easiest to introduce in the energy
system.

The total budget for energy research at the Swedish Usiversity of Agricuftural Science
1992/93 was 7 MECU. Approximately 2/3 of these were connected with agricultural energy
crops. More than 85 % was put in research of the biological system. The number of projecis

-running are in the magnitude of hundreds.

Short retation willow coppice

The national programme for short rotation coppice is divided into sub-programmes for basic
and applied research. In the short term, the aim of the basic programme is to increase
fundamental knowledge on biology, ecology and cultivation technigues so that a high
production of the crop can be kept under sustainable conditions, The aim in the long term
is to establish short rotation coppice as economically competetive towards other fuels from
biomass.

The most important areas in the basic research programme are:

- Biological investigations, Conditions, methods and materials for cultivation
- Plant breeding. Aimed at increasing the yield of the plants and their resistance to attacks
from discase and vermin,

- The environmental impact of the production: soil impoverishment, nitrogen uptake etc.

The sub-programime on applied research is focused on the economical, technological and
biclogical premises for production of short rotation willow coppice in agriculture for
deployment in the wood fuel market. The short term goal is to lower the fuei production
costs. Furthermore, it is important to achieve increased reliability in cultivation and to map
the environmental impacts from plant cultivation to final use. The aim in the long term is
to make the crop economically viably as a fuel.

Grass and straw

The first R&D programme for energy from grass, and also from straw, started in 1991, This
programme was iniliated with the objetive o examine the cconomicd, biological and
environmental premises in using grass for energy production. The programme covered the
whole system, from breeding and growing to handling of products, analysing the premises
for harvest in spring and other gquestions about production and fuel quality.

As a continuation of the grass efforts, the programme for straw fuel (grass and straw) was
started. This programme has an extended direction and support is given to reseuarch,
development and demonstrations.

The overall aim ol the straw luel programme is o support research and development
strengthen the economic conditions for deployment of straw fuel. The programme shall

cover the whole system, {rom growing o handling of products.
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1.2.3 Utilization technology

Present research on energy supply is divided into four sectors: fuel technology, combustion
technolgy, methods of electricity and thermal technology.

Efforts in technology concentrate on development of indigenous fuels with the aim of
making them competitive, also on reducing the environmentai'i'mpact of their use to a
minimum. The most important of these fuels are wood fuel, short rotation coppice, peat and
various types of waste.

Combustion and gasification are concerned with the chemical and physical processes of
combustion and the technologies of combustion and gasification. The programme is
concerned primarily with combustion of solid fuels. Much of the work is aimed to reducing
the poluttion caused by combustion. Within the applied combustion research the fluidised
bed combustion has attracted considerable interest.. )

In Sweden, gasification of biofuels is of primary interest. The reason is that by introducing
a gasification step the efficiency in the production of electricity in a power plant can be
increased. Research is conducted both at universities and in private companijes. In Virnamo
there is 2 pifot plant with a pressurised fluid bed gasifier for wood fuels in a combined cycle

MW/s of clectricity and 9 MW/s of district heating.

Efectricity production technology embraces all methods apart from hydro and nuclear power,
The two important parts are thermal power production technology and wind power. Thermal

technotogy covers the production and distribution ol heat.

6
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4 PRODUCTION

2.1  NATIONAL AGRICULTURAL POLICY ON ENERGY CROP PRODUCTION

Farming in Sweden are offered the grants of EU set aside programme. Besides this, during
the period of 1991-1996 there has been a grant for establishing Salix of 1 200 ECU per
hectar. No other grant for energy crop production exists,

Further information is given in part 1.1.F

2.2 AGRICULTURAL ASPECTS

2.2.1 Overview informnation on energy crop production

Table 2.1 Overview on plant species tested as energy crops in Sweden®®50

Piant genus Salix, "middie" Sw | Saiix, south Sw Phalaris, north Sw Phalaris, "middle" Sw
{w. of Stockholm) {w. of Stockholm)

Plant spacies viminalis and viminalis and arundinacea arundinacea
dasyclados d_asyc!ados

Common name, Wiilow Wiltlow Reed canary grass | Reed canary grass

English

Energy utilization Solid fuel Sotid fuel Sofid fuel Soiid fuel

Current total area C+D: 14 500 C+D: 2 000 C: 1000 C: 3000

(ha), commercial {C), R: <200 totaily R: <200 totally (1992. Today (1992, Today

demonstration {D) smaller.) smalier.}

and research (R} RS R: 2

Size of plantation + 0 .

area {+,0,7}

Mean net yiald in §. viminalis 10 7.5 6,5

comrnercial S. dasyclados 8

production,

ODT/ha-vy}

Possible yield +2 ODTHhay) +10 %

increase in 10 years
due to R&D., Basis for
estimation.

Plantbreeding, better techniques for
cultivation and harvest

Piantbreeding, better technigues for
cultivation and harvest
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Willow

Advantages with willow 1n Sweden:

A good market for the fuel due to the established CO, tax and a [ot of boilers built for
wood energy chips use

A well established organization in new companies organizing the supply of cuttings as
weil as plantation, harvesting and marketing support

Commercially functioning technology is available

Main barriers for willow:

High establishment costs and the need to keep the crop for many years to get full
£COnoImic compensation

The farmers attitude to this new crop and difficulties with succesful cultivation

The dependency on agricultural, energy and environmental policy in Sweden and in the
Common market

Grass

Studies of different grasses for energy produciion in Sweden started in 1981 and revealed

that reed canary grass was the most interesting species because of its high vield, good

. . “ee ") . . . . - .
quality and sustznnabahty*"’. Miscanthus sinensis and giganteus has been tested in different

parts of Sweden, but can only be grown in the southernmost part of Sweden due 0 100 cold

climate in the other parts.

Advantages with reed canary grass in Sweden:

High acceptance from the farmers to the crop (easy to cultivate)

Low establishment costs and the possiblility to use conventional machinery for the
production '

Possibilities for an extra income to the furmers by upgrading the fuel on a smale scale

indusiry level to ¢.g. brigucttes

Main barriers for reed canary grass:

The market with suitable boilers are undeveloped
The technology is not fully developed for the whole chain
The dependency on agricuitural, energy and environmental policy in Sweden and the

Common market

The state of the art on reed canary grass as a solid fuel was presented by Hadders in 199477,
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2.2.2 Production of willow (Salix sp)

Since 1975 when the Swedish bioenergy research programme started intensive studies have
been performed concerning research and development of different short rotation coppices
i Sweden. Most effort has been done on different species of willow. Two main speciés,
Salix viminalis and Salix dasyclados, have been studied. Basic studies concerning breeding
of willow are performed by the departiment of Plant breeding at the Swedish university of
agricuitural sciences and a commercial breeding programme is performed by the company
Svalot-Weibull AB. The commercialization of the crop has also started and about 17 000 ha
have been established. Main contributions in this are performed by a number of new
companies owned by different farmer organizations or by the farmers divectly. The new
companies are engaged in the production and control of selected cuttings to interested
farmers as well as in the development of plantation and harvesting machinery. Other
important coniributions from these new companies are to organize the marketing of this new
fuel and to sign delivery contracts to heat producing companies using biofuels s well as io
give advisory support to the farmers. The small companies owned directly by the farmers
are ofien using the produced fuel in small heat generating units owned by the company. The
fuel from willow plantations are often used together with wood fuel chips in the plants. The
market for the fuel Is good and rapidly increasing partly depending on the Swedish system
with CO, taxes for fossile fuels. A large part of the plantations are situated in a bell
between Stockholm and Gothenburg. The largest farmer owned company, Agrobrinsle AB,
today has contracts with about 850 farmers with a otal plantation area of about 14 500 ha
of willow. A major part (99 %) of the planted material is of the spacies S. viminalis.
Harvested area during the winter 1995/96 was between 80U and 1 000 ha.

Genetic material

An intensive breeding programme is going on in Sweden. The main goals in this programme
is to increase yield, tolerance to frost, rusts and insect attacks. The main materials available
for plantation so far are selected clones but the first varieties from breeding. are under
introduction.

Different varicties of 5. viminalis are used to 99 % but varictics of 8. dasyclados are also

used.

S. virainabis has o rapid development with higher yiclds and siem density compared to §.
dasyclados, In areas with high risk for frost damage or soils with a high content of organic
materials 8. dasyclados is recommended but these varieties normally show & lower tolerance

10 rusts compared to 5. viminalis.

‘The cstablishment of Salix plantations is done with cuttings from conirolled piantations
produced by farmers specialized in this production. The shoots are harvested each year in

the dermant stage and stored in dormancy stage until plantation.
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Crop establishment

The experience from growing different clones of Salix on different soils and their sensibility
to frost, and diseases is siill small in Sweden. In practical crop production this has resulted
in a general recommendation to use at least three different clones in each establishment to
get a more safe production.

A technicat description of the recommended routins for the establishment is given in chapter
2.3.1.

Fertilization

The experimental expericnces concerning nitrogen fertilization is still limited in Sweden.
With a calculated soil nitrogen mineralization of about 100 kg/ha the average vearly need
for N fertilization is believed to be between 70 and 90 kg/ha. For soils with an average
content of availabie P and X level the recommended application of P is 10 kg/ha and vear
and for K 25 kg/ha and year.

Weed and pest treatments

The technical application is described 1n chapter 2.3.1. Weed control systems are still not
fully developed.

Weeds of dicotyledon origin are treated with Gardoprim 500 FW or similiar type. The
dosage must be increased with increasing content of organic materials and increasing content

of clay minerals. The amounts recommended varies {from },5-6,0 Vha.

Before plantation the use of glyphosat is recommended. In established crops a pesticide like
Focus ultra is used in dosages 2,0-6,0 Uha. Sometimes there i3 also a need for weed controll
after harvest. For treatment after harvest both mechanical and chemical alternatives are

being tried out.

Pests are normally not treated in willow preduction in Sweden. Actual clones has been

selected for resistance,
Harvest interval and havvest time

With the high establishiment costs for willow the production period need to be ong to reach
an acceplabel economy. In todays calculus it is assumed that the crop is kept for 24 vears.
The harvest interval assumed 15 four years. The crop, which is normally harvested with a
direct chipping method for direct distribution to the botler, can under Swedish conditions
with frozen soi be harvested during the period of December to April. The mean moisture
centent is normaliy about 3 % but there are exceptions. During the season 1994/95 the
mean moisture content in crons harvested in the area west of Stockholm was about 54 %,
The reasons o this wre not fully analyzed. As Jong as e harvest 1s done in the dornmant

stage no prowth disturbanees has been reported.
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Biological growth

As the growth is strongly depending on the actual precipitation and the experience still
imited the average possible yield is very difficult to estimate. In a 10 year perspective, a
possible increase in yield to [2 ODT/ha is estimated. The basis for this is genetic
improvements on frost {olerance and increased knowledge concerning water requirement on
different soils and in different regions.

Harvest and storage losses are described in chapter 3.2.1.
Cultivation experiences

The early strategy for cultivating willow in Sweden started with the assumption that the crop
was suitable for marginal agricultural lands. After the first evaluations, a new strategy was
established in 1985. In the south and middle parts of Sweden, the furthest north some
hundred km north of Stockhoim, new plantations were established on conventional
agricultural fields with the goal to evaluate the long term production capacity for willow in
Sweden. These crops now have been harvested twice. The yields have been evaluated
against an established growth calculation modei, from which results have been transformed
into economic calculations™. The result of the evaluation shows that the yields have a large
variation and that only the best fields have reached the calculated yicld of 12 tonnes of oven
dried material per ha and year. The yields achieved on the farms have so far been only
40-60 % of the calculated ones. This is due to for instance older genetic material, other
soils, bad weed control and no fertilizer application. Since the planting has been paid with

a grant there has been no strong reason to take optimal care of the crop.
The analysis of the trials can be summarized in the following way:

- Willow is a difficult and sensitive crop which needs a good farmer experience. The
average competence among the participating farmers have been too poor and a successful
devclopment is heavily depending on a good organization of advisory staff for the
introduction. '

- The technique for weed treaiment is not Tully developed,

- The frost influence on yield has been lurger than expecied.

- The long-term production capacity is sirongly influenced and dependant on 2 good
establishment.

The water requirement is higher than earlier expected.

- Inhomogeneity in the quality of fields has a strong influence on the yields as well as has
harvesting losses, depending on cutting heights and the size and form of the field.

- Fertilization below recommendation is expected o have decreased the average yield with
about 20 %.

- FPertilizer effect is strongly depending on a successful weed treatment.

Highest yiclds have been obtained on soils with a high content of organic materials and

a pood availability of water.
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In many cases the yield has been fow as the plantations have not been fertifized. The lack
of fertilizer application has been caleulated to decrease the vields with about 20 9% in the

above mentioned tfrials.

Irrigation is normally not used in Swedish willow production as it has been expected to be
o expensive, During the experimental pesiod from 1991 it has been a deficit in precipitation
in Jarge areas in south and middle parts of Sweden. In a recent study®, growth of willow
under conditions existing in the area west of Stockholm has been calculated o0 6,3 g dey
biomass per kg of transpired water. This means that the crop o get the calculated yiehds of
12 tons of dry weight per ha and year must have 430 -355 mm of available water, As the
average precipitation in southern Sweden is 350-350 nun and in many places fower during

ihe actual period it must be concluded that water is a crucial factor for the yield.
Influence on cropping system

As the crop system is based on 24 years of cultivation, willow cannot be used in & normal
crop rotation system. The experiences in breaking up a willow crop after 2 longer perind of
fime is still Hmited,

Production of reed canary grass
The foltowing facts are mostly based on rescarch by field trials.
The new production method

Since 1990 a new production method® for reed canary grass, which was developed in Umead,
is in focus. The principle for this method is that the harvest (once a year) is delayed until
the crop reaches a good quality for biofuel use. For Swedish conditions the suitable harvest
time is early the following spring, just before the new growth starts. The crop is left on the
field during the winter and harvested as wilted material the following spring. It is then
possible to harvest during favourable weather conditions and to obtain dry and storable
material. Reed canary grass hacvested ss willed material in early spring has shown very

good quality as biofuel in contrast to the sane grass harvested in the end of the summer®.

There is indications that the rhizomes of reed canary grass will be more welt developed and
dense in a delayed harvest system, since the grass is allowed to grow undisturbed during the
whole growing season. A well developed rhizome system with a good storage of
carbohydrates will probably contribute 1o a more vigorous growth of the above ground
crop’.

The delayed harvest system for reed canary grass has been proven, by studies during five
years 50 far, o be beneficial for both bistogical production and use of the harvested material
for energy purposes, However, the long term (10-15 years) production and sustainabibity of
reed capary grass in this now delryed harvest system has to be studied, since that is of great

ceonamical importance for decisions on sew energy production sysiems,
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(enetic material

Reed canary grass (Phalaris arundinacea 1.) is a tail rhizome grass which is native in
Sweden and many other northern countries. Only varieties intended for fodder use is
available on the market. According to variety trials in ley T-III the best variety so fur is
Paiaton {fr. USA). The proportion of stem is about 70 % in Palaton. Breeding of new
varieties suitable for energy purpose is under way in Sweden (by Svaléf Wetbull AB) with
a planned market introduction in year 2001,

Crop establishment

Reed canary grass is established by sowing seeds, ca 15 kg/ha. The grass should not be
undersown in any other crop. Reed.canary grass is light dependent for germination and
should therefore be sown very shaliow (1 cm). Reed canary grass develops rather slowly the
first summer and should therefore be sown in spring or early summer to obtain a well
established stand before the winter.

Weeds and pests

In a well established stand the reed canary grass has very high competition abitity against
weeds and other grass species. Need for treatment of weeds therefore occur only during the
establishment year. Chemicals such as MCPA (1 Vha) ¢can be used. No serious attacks of
diseases or pests in reed canary grass have been observed and therefore is no pest treatment
necessary.

Growth

Since reed canary grass develops slowly, the stand is rather thin and give a low yield the
first ley year. From the second year ley and up to at least 8 years reed canary grass has
been proven by many field trials all over Sweden 1o be sustainable and high yielding (8-12
ton DM/ha)’ . In commercial production reed canary grass is expected o be productive for

10-15 years without new establishinenl.
Climatic impact

I northern Sweden the yield increases until the end of September, but in southern Sweden
there is no marked increase in growth after the end of August. During the winter the losses
of biomass in field trials were about 15 % of DM in northern Sweden and about 25 % of
DM in southern Sweden. It is likely that cold and relatively dry conditions will preserve the
grass better during the winter than warmer and rainy conditions, and therefore lower “winter
losses” were obtained in northern than in southern Sweden. Resuilts from field trials have
so far shown about 12 % higher vield in northern than in southern Sweden when harvested

in spring.

e
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Soil type

Reed canary grass can be grown on almost all soil types. It thrives particulary on wet humus
rich soils and has proven to give high yields there. Heavy clay soils (> 40 % clay) have
indicated to be less suitable for establishment and early growth, The ash content varied more
with the soil conditions then with harvest time. Grass samples from trials on clay soils had
higher ash content than samples from humus rich sandy soils’. The range of soil conditions
studied are still too small for safe conclusions.

Harvest time

Different harvest times have been tested in field trials, end of summer (August), end of
vegetation peried {October) and following spring. The dry matter content. of the grass at
harvest was on average 306 % in August, 42 % in October and 85 % in spring. The ash
conient was lower in the crop at spring harvest than in August. The concentrations of the
undesired elements Cl and K were about six times lower in the crop in spring than in
August, Concentrations of most elements were much lower in stems than in leaves. In
contrast to harvest in August, both the total yield and the proportion of stems in the crop
increased with increasing age of ley during the first three years in the spring harvest

system’.

Fertilization

The amount of nuirients removed from the field with the harvested crop showed great
difference between August and spring harvest. When the grass was fertilized with 100 kg
N, 100 kg K and ca 25 kg P per ha, nearly all these amounts were removed with the crop
in the August harvest. Bat, in the spring harvest only about half of the suppiied N and P
were removed with the crop and for K it was only about one third of the supplied K that
was removed. This implies that plant nutrients can to a large extent recirculate in the

delayed harvest system, and this will reduce the fertilization requirt‘:d7.

Tu the first ley year iCis reconwnended an ample fertilization for optimal growth, which for
Swedish soil conditions (on average) is about {50 kg N, 100 kg K and 30 kg ¥ per ha
Amounts ol " and K are of course depending on the nutrient status in the soil. From the
second ley yerr and onwards the fertidization can be reduced due to recirculation of
nutrients. Recommended amouns in general for reed canary prass in the spring harvest
system are therefore 80 kg N, 30 kg K and 10 kg P per ha. Grass ash have been used
field trials with good results on both yield and quatity”. There is also indications that sewage

sludge can be used in reed canary grass with good results.
Ending the production
There have been no problems recorded in ending the production of reed canary grass. With

a correct cubtivation and ploughing, the rhizomes we not strong enough to come back in

other crops ™
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2.3

2.3.1

TECHNICAL ASPECTS
Salix

Since Salix appears as a commercial crop there are quite detailed recommendations available
for the production. The methods and recommendations described below are a synthesis of

available results from research®16:26-31.37.38

The year before planting

Because the young Salix crop is very sensitive to competition from weeds it is very
importarnt to control the weeds in advance, as well as during the first year. The weed control
is done with both mechanical and chemical means.

The year belore planting should be used to minimze the amount of couch-grass (Agropyron
repens L.). The best result is reached with one year of fallow during which the land is
treated with glyphosat, Mechanical treatment alone is seldom enough.

Pianting

The crop is planted in the spring using 200 mm cutiings, On one hectar 16 500 cuttings are
used. They are planted in double rows so that the distance between every second row is
I 500 and 750 mm respetively. The distance between the cuttings in the rows today is 500
mm. This recommendation may be changed to 600 or 700 mm in the future. Except for the
planting, ordinary agricultural machines are used in the establishment work.

The spring farming operations before planting are equal to those for other crops. The depth
of tillage should be 60-100 mm. After planting, chemical weed control with in first case
Gardoprim 500 FW, or with Printop 500 FW, is recommended. However, on organic sails,
ithe effect of Gardoprim may be small. On these soils a treatrnent of glyphosat before
planting is an altermativ or a complement.

Salix is planted with two different machines. One of them handles whole shoots which are
cut into 200 mm pieces on the planting machine. This machine needs two persons plus
tractordriver for operation when planting two doubble rows. The other machine handles
200 mm cuttings which are accelerated down into the ground totally automatic. Both
machines have an output of approximately one hectar per hour,

The cutting should normally end approximately I cm above ground. The dryer the ground,
the more important the cutting is put deeply down. A roller can be used to increase the
contact between soil and cutting.

A commercial company, Henrikssons Salix AB, in the very south of Sweden since three
years practice an alternative method for establishment®. Using "Austoft Plantmaster” planting
machine for sugar case, Salix cuttings are place horisontally in rows in a similar way to
potatos planting. So far the company uses 60 000 cuttings per ha, e.g. three times more than
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in the technique described above. The cuttings have been 150-250 mm jong and produced
either manually in an electric wood saw or with the Austoft sugar cane harvester which the
comnpany uses for harvest of Salix. The quality of the cuttings from the harvester are not
quite as good but much cheeper. However, this is believed possible to compensate by

planting more cuttings per ha,

Advantages with this technique are said to be closer stands and a substantially lower cost.
Experiences so far indicate that the generally recomimended cutting of the crop one vear
after plantation can be omitted, Since the same machine can be used for both harvesting and
the production of cuttings, this machine will be more efficiently used. The planting method
is offered for 540 ECU per hectare including the cuttings. The technigue is not studied in
any official trials,

Weed control in crop
Three options for weed control in connection with planting are given:

1 A combination of chemical and mechanical treatments. immediately after planting, the
land is sprayed with half a dose of a soil-applied herbicide using a conventional agricultural
boom sprayer. At the end af the season, the weeds sre kept under control by means of
implements between the rows of Salix. If further chemical treatment is needed later the

same year, o band sprayer between rows should be used.

2 Pure chemical treatment. I mechanical treatiments are excluded a full dose of a soil-

applied herbicide is recommended, This treatment is aimed to last for the full season,

3 Pure mechanical treatment. This is a possible option although it detnands a lot from the
farmer. The weeds must be fighted often and never left to grow big. A good rule is to start
weed control as soon as there are more than three weed plants bigger than 20 mm under
vour hand.

There may also be a need for weed control alter cach harvest. For this both mechanicad and

. - . >
chemical methods we being tried out™?,

Examples of machinery being used for mechanical treatment are different kinds of
cultivators, hoes and harrows, often slightly moditfied to avoid damage to the Salix plants.
Rotary implements is another example. The mechanical treatments tried so far have not
controlied the weeds between the Salix plants in the row. This is an important disadvantage.
especially on organic soils. There are farmers who claim they can drive across the rows
without serious damage to the crop, but this has not been studied in any wial.

One technique tricd but so far not widely used is weed wiping (contact application).

On organic soils i is almost impossible (o manage the weed control without some kind of

chemical treatment.
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The working capacities are very much dependent on working width and speed, amount of
water used in spraying and distance between field and filling point while no figures are
given here.

Fertilization

During the first and often also the second year after planting and harvest fertilization is done
with ordinary agricultural spreaders for commercial fertilizer. Boom spreaders can be used
in higher crop than disc broadcasters.

When the shoots get high, taller than 2-3 m, special machinery is necessary. Available today
are three techniques: 1) machines broadcasting the fertilizer 36-40 m over the top of the
crop, either with discs or an oscillating spout (5 ha/h), 2) a broadcaster trailed through crop
between the rows of Salix by a 4-wheel motoreycle (2 ha/h) and 3) a device mounted to a
4-wheel motorcycle for fluid nitrogen fertilizer (1,5-2 ha/h).

The use of helicopter has also been evaluated. However, the accuracy in the broadcasting
is to poor.

Sludge is spread only when the crop is low and therefore with conventional spreaders for
that type of material.

Cutting back one year after planting

Today the general recommendation is to cut back the crop in winter after planting to
increase the numbers of shoots per plant. An exception is when the sugar cane planting
techaique has been used.

The crop is cut back with a grass mower, a pasture topper or a similar equipment.

Pest treatment

Chemical treatments 1o avoid pest is so far of no interest.

Irrigation

Frrigation with clean water is at the moment of no commercial interest in Sweden. Trials
with spreading of sewage water are made though.
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2.3.2

Converting short rotation forestry hack into the crop land

There has been some trials in this field, however only on very young crops, 5-8 years of
age. In these cases there has been no maj'(sr difficulties. One method used was lossening the
stumps from the ground with a conventionaf agriculture plow. After this the stumps were
collected in different ways and brought away from the field. Also a rotovator has been
studied.

Reed canary grass
Establishment and care

The machines needed for the establishment and care are all conventional implements used

for grain and ley crops:
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24 ENVIRONMENTAL ASPECTS

Table 2.2 Environmenta! impact from energy crop production vs. standard wheat productionsa‘su

Crop Willow Willow RCG RCG
‘middie" Sw south Sw north Sw "middie” Sw
Herbicide load (++/4+/0/~/--) + + -+ ++
nsectcide load (++/+/0/-/-) . . ++ ++ e
Fungicide load (++/+/0/-/--) - e - T es

- Pegticide ansport
by leaching (++/+/0/---) ++ ++ ++ oy
by soit srosion (++/+/0/-/--) b ++ ++ ++

Nutrient balance

biomass yield per nutrients applied ++ + ++ -
(Al /O S}
mineral feaching (kg/hayear) or ppm in +47 ++7 =0 =(}

pereciation water)

Soil erosion
compared 1o wheat production {++/4/0/+/--) ++ ++ ++ ++
comgared o green fallow (+-+/4/0/-/~-} 0 O -+ it

Crop water use
increase {+) or decrease (-) of ground water | -- - - -
recharge compared to wheat (++/4+/0/-/--)
comparsd to green fallow (++/+/0/-/.-) - - 0 Q

Carbon batance (+4/+/0/-/--)

tofal plant prod. above ground, {ODT/ha) 16 11 11 1
below ground (ODT/ha) 5 ? ? ?

harvasted (ODT/ha) 10 10 7.5 6,5
increasing or decreasing soit humus content | +4+ ++ ++ 4+

Emission of other greenhouse gases - - - -

tandscape impact (public conception: fully O/+ [¢123 ++ ++
acceptable (++), not at all acceptable {--} {+ on plains)

Qiodiversity impact

compared to wheat production (++/+/0/-/--) + + + +
compared to green fallow {4+4+/+/0//-} + + 0 0
Any experfentes from treating organic wastes, Ashes, sludge and sewage Ashes, sludge and sewage
ashes aio. water 4-36.39-40 water*?
Other emvirorynental effects assessed Salix can be used to
clean the ground from
cadmium33-34.43
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2.5  ENERGY ASPECTS

There are at feast two studies over energy aspects on the use of Salix and reed canary grass
conducted. The figures presented in table 2.3 are based on a quite detailed such!® This
studie has been criticized for not using vajues from practice for the diesel consumption in
the field operations. The fuel consumption given ir the table is probably overestimated. In
table 2.3, the figures from this study are adjussed to more recent knowledge on net yields

and need for fertilizer,

One misstake sometimes being made is to multiply the effect necessary in the tractor for the
implement used with a figure for the fiel consumption per kW. This will give the wrong

result since the average effect used is far smaller then the maximum effected needed.

A second energy study has focused on the amount on electricity possible to yield out of
different crops and techn%queslz. In this study the figures for cultivation and harvesting of
Salix and reed canary grass differs from these below. This is due to different assumptions
on aet yields, need for fertifizer and used harvesting technique, but also to a big difference
in the vaule for the energy consumption for producing one kg of nitrogen. "2 uses 69 Ml/kg
while 1 iges 43.2 MFkg.

More about encrgy aspects, including imput/output radio, s given in part 3.5,

Tabie 2.3 Energy input in energy crop production, GJdfha and year as average over lifetime. Figures based on

reference '™ a_idiusted on use of fertilizer
Crop Saiix Reed canary grass
Fraconditions
lifetime (years). 25 10
harvest intervals (years) 4 1
fertlizer (N/P/K}, average, kg/ha and year | 80/10/25 80/10/25

(N 43,2 Ml/kg; P 15,0 Mlkg, K 9.0 Mkg)

Cultings/seed - .16 0.015
Fertiizer 3.8 3.8
Diesel tor establishment, care ang field clearing 0.73 0.56
Indirect energy in-machinery for establishment, care and field 0.14 G2
clearing
Total input in production (=cultivation} 4.83 4.50
Total ouiput and relation input/output See tabel 3.7
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2.6

ECONOMIC ASPECTS

For information on economics, see part 3.6,
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3 HARVESTING & PROCESSING

3.1 OVERVIEW INFORMATION ON HARVESTING AND PROCESSING
OPERATIONS

Table 3.1 Harvest & Processing Overview

Case

Salix, big scale
Chips direcily lo a

Salix, small scale
Siored shoots,

Grass, big scale

30 MW powder

Grass, smali scale
2 MW straw furnace,

Potential 300 Ty

100 MW CFB, ©,5 MW chip burner, 2 000 ha 200 ha
2000 ha furnace, 200 ha
Status and scale Demonstration Demonstration Research Demonstration
50 TJ 1996 Bjasta 150 ODT/y

Handling

Cut and chip
harvester, com-
mercial vehicle
transport o utili-

Shoot harvester,
storage of shoois
OVer summer, age.
wood chopper,

Grass mower, 500 kg
square bale,
commercial vehicle
transport to powder

Grass mower, 100-
200 kg bales, tractor
transport, storage
over summer, district

sation plant tractor ransport to | production industry heating plant
plant and to utilisation plant
Utilisation process CFB Wood chip Powder burner Straw furnace
furnace

3.2

321

AGRICULTURAL ASPECTS
Salix

In Sweden Salix is harvested during the months of December to April. Favorably the ground
should be frosen and the amount of snow small. At 20 cm of spow there has been
difficulties in the catting operation and with more than 40 cm there are problems just
advancing in the stand.

The yield of a mature and well kept Salix crop is at harvest time in the region of 30 wet
tonnes, 40 ODT, per ha. The dry matter content is approximately 50 %. Snow and ice will
lower the content. Dependiag on in what furnace the fuel is to be burned it may be of great
inportance not to mix in snow and frost.

The crop is standing up 5-8 m high, stems normally between 30 and 50 mm in diameter,
During autumn and early winter most of the leaves have fallen off and are hence not
included in the harvest.

During harvest there are two types of loss. One is dropped material and the other material
left in stumps longer than the stump length wanted. The total loss in a few observations has
been between 0,5 ard 2,0 ODT per ha.
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3.2.2 Reed canary grass

After several years of studies in harvesting grass for combustion during summer, today only

delayed harvest, ie. harvest during late winter or spring, is of interest. This is due to
difficulties in getting the grass dry enough for storage before baling in the Swedish summer
climate. When hay is made the farmers generally dry the grass through active ventilation
in barns. This technique is because of the costs out of question for fuel production. Delayed

harvest also implicate a smaller removal of plant nutrients and a better quality of fuel.

So far delayed harvest has only been evaluated as spring harvest. The reed canary grass has
been harvested after the snow has melted away. In Sweden this normatly means during
March through May depending on where in the country. At this time the grass is totaly dead
and the D.M. content between 80 and 90 %, sometimes even higher”. At this content the
plant is very brittle why the mechanical losses easily get very high. In the first studies,
where ordinary hay making technique was used, the loss averaged 2 GDT per ha'?. Today
it is expected that the loss quite easily could be limited to on average I ODT per ha or

less!?.

Spring harvest has been praticed in full scale during five years., At the most some hundreds

of ha totally have been harvested during one year, 130 ha on one farm alone.

"
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3.3 TECHNICAL ASPECTE

3.3.1 Harvesting

Table 3.2 Technical aspects of harvesting

Case

Salix, big scale
Birect chopping to
chips in the field

Salix, small scale
Harvets of whole
shoots

Grasgs, big scale
Mower conditioner,
500 kg sguare bale

Grass, smail scale
Mower conditioner,
100-208 kg bales

Froduct form and

Chips, 47-52 %

Whaole shoots,

500 kg bales,

160-200 kg bales,

four prototypes
working |
demonstration

working | deman-
stration, two in
development stage

=50 balers, up 1o 2
years of age

D.M, contant 47-52 % 8090 % round or square,
80-90 %

Technique Cut and chip Selfpropelied (1 Grass mower, Grass mower, 100-200
harvester, towed and 3} or towed :500 kg square bale kg round and sguare
high-fevel delivery (2) shoot harvester (Hessfon bales, tractor transport,
trailer or transport with storage, piles 4800/4500}, storage -+ | storage on farm aver
vehicle driven at field side {1 and | on farm over SUmMEr
alongside, 3) or ail over tha sumimer
untoading into field {2}, use of
containers orin a forwarder, storage
pile, direct of shoots near
fransport to utiti- fiekd over summer.
sation piant with Possibilities for
commaercial vehicle | unioading into

vehicle driving
atlongside (1).

Status of Bemonstration Demonstration (1) Commercial Commercial

machings and devalopment
(2 and 3}

Number of Four models of Three modeis of Thousands of Thousands of mowers

machines harvester, tolally harvester, one Mowers, : and round balers,

<100 square balers

Harvesting rate
{example)

10-26 0DT/hata
yield of 30 ODT/ha

{112 CDT/hata
yield of 30 ODT/ha
{30 ODTH if un-

15-20 ODT/h at
yields over 5 ODT/ha

Round: 5-10 OOT/h,
Square: 15-20 ODTha
(at yields over 5

harvesied product

{0,186 ODT/m)

loading while OBT/ha)
driving)
Bulk density of 0,33 wet torym?> Not avaitable 130-150 ODT/m® Round: 70-100 ODT/m’

Square: 130-160
0oTim?
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Salix

The furtherst developed technique for harvest of Salix, which also seem to be the cheepest,
is the direct chipping. There are four prototypes working: the sugar cane harvester Austoft
7700, the Swedish Bender 85 kW and Bender 123 kKW and field chopper Claas Jaguar 695
with a special developed Salix header. Other technigues, where the shoots are put down on
the ground at least once and therefore need to be picked up again, tend to be substantiaily
more expensive.

The chipping is done much cheeper than is chipping of logging residues. This is due to the
fact that the material to be chipped is evenly distributed over the field in straight rows, easy
to harvest without any crane or similar equipment. This means the chipper will operate at
a constant high load a big part of time.

However, it might not be possible to use the direct chipping method in all applications. One
reason is that the water content af harvest is rather high, too high for many boilers. By
letting the Salix shoots dry in piles over summer the content of water wili decrease. Another
reason 1s that the market may not be able to accept all of the production during the period
which is suitable for harvest. In such case there is a need for storage. If it is possible to
store Salix chips over summer without negative effects are yet not known. Storage of wood
chips in small scale is strongly advised against because of health hazzards due o fungi

spores.

The handling of whele shoots is so far not well developed. There is one prototype, the
Swedish Empire 2000, with high capacity driving in the row. So far i has o stop for
urtloading which gives an overall capacity 60 % lower than that possibie if unjoading while
driving in the row. After the shoots are stored in a pile, they have to be picked up, a
technique not adapted to Salix at all. Today chippers and cranes from forestry are used.

Quite detailed data about the harvesting capacity are available'®, They have been presented
like the example in table 3.3

Table 3.3 Estimated capacity when harvesting Salix based on several field studies: exampile direct chipper with
a traller for containers, 35-38 m°, driven abong side the harvester'®

Stand, Harvest, Harvast,

tornes of fresh Speed, Harvest, tonnes of fresh jonnes of fresh wood
woodha km/h ha/h wood/h per t2 h

30 B.O 1.1 34 320

40 6.0 0.8 34 320

50 5.5 1.0.8 as 376

B 5.0 0.7 42 405

B 4.0 08 45 430

L
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Reed canary grass

So far, in most cases mower conditioners has been used far cutting the grass, although they
are actually to rough for the brittle material, The reason 1o use this machine is simply that
it is available everywhere. Mowers without conditioning equipment has been tried out but
does not work since there will be no swath formed of the stiff material. A selfpropelled
windrower, 5,5 m wide, with a short finger har worked very well. Also direct cutting field
choppers can be used. Two important disadvantages with the chopped grass are low bulk
density and dust.

The smalilest loss of small pieces of the plant was achieved with the selfpropelled grass
windrower. However, at this width, 5,5 m, the stubbie was 40 mm longer and the Josses in
left tying straw bigger than with the 2,4 m disc mower (70 mm stubble lenght). The
difference was calculated to correspond to 0,5 ODT/ha in losses,

Fuel Packaging
Fuet packaging is used for one or more of the following reasons:

- Makes automatic handling possibic and easier

- Lowers the cost for transport and/or storage

- Reduces the risk for dust explosion and fire, compared 1o the situation with powder

- Makes it possible to reach other markets, e.g. smali scale plants, 0.01-1 MW, and big

plants with milling equipment and powder burners

In Sweden a tax on coal used in district heating plants has made it profitable o exchange
coal with wood powder, This has created qoite a market for pellets, which are milled in the
existing coal mills at the heating plants before burning. In 1991 the production of pelets in
Sweden was some [0 000 tonnes per year. Today the production capacity for pellets has
grown to over 500 000 tonnes per year. The fuel is pelletised because powder is more risky
and more expensive to transport. Big volumes go by ship from the coast in northern Sweden

to for instunce Stockholm.

The capacity for briguettes, pelicts and powder from hiomass all together 1s i April (996

over | million tonnes per year. Briqueites are mainly used in heating plants 1-10 MW,

The raw material was for a long period only dry by-products from the forest industry. Today
most upgrading plants have a dryer so that they also can use wet raw materials, e.g. Satix.
However, the drying is an extra cost. This is where read canary grass may come in.

The ash content in pure wood is about 0.5 % of D.M. In reed canary grass it is between 2
and i2 % depending on among other things the soil type, Because of the higher ash content

in the grass, at the moment i 5 behieved that i s better toomix na smatl portion of prass
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in the wood rather than trying to market a pure grass fuel, at least concerning briquettes an
pellets. Studies on the process and of the pellet fuel when mixing grass with wood is
running 1996,

Salix has so far, from what is known, not been upgraded to briqueties or pellets.

Tahle 3.4 Technical aspects of packaging'’

Case Briquetting, Briquetting, Pelletising, Pelletising,
2 Q00 tonnesfyear 25 000 10 000 tonnas/year 50 000 tornes/year
tonnas/year
Cropfmaterial Grass and dry Grass and Salix Grass and dry forest Grass and Salix
forest products together with products together with forest
forest products products
Techniaque On farm site Industry: six piston | Small industry: one Industry: two presses
equipment: one presses 0,8 ton/h, press 4-5 ton/h, 5 tonvh, 330 daysfy,
piston press 330 daysly, 4-7 2 500 hty, labor 12-14 empiyees
0.8 ton/h, emplyaes depen- 8 000 hiy depending on
2 500 hty, labor ding on material material
2 000 hty
Bulk dernsity, 550-650 550-650 800-700 600-700
m. C., % appr.. 10 appr. 10 appr. 9 appr. §
Status of machines | Commercial Commaercial with Cornmercial with Commercial with
forest products forest products forest products
Number of plants None outside of 13 + appr. 30 Atotal of 17 plants with capacities
the wood industry presses at wood 10 000-65 000 tonfy
industries

A plant for powder production is described in part 4.3.5,

Small brigquetting plants used on farm sites were tried on straw in the middle of the eighties,
in Denmark also mobile ones. Under Swedish conditions they did not work very well. One
reason was that the moisture content of the straw could not be kept low enough. Also, the
briquetting presses had too many breakdowns, possibly as a result of the wet straw. These
problems could be overcome. The cost for the machinery is quite high why there are very
obvious advantages in running the briquetting on a bigger scale. The press should ideal work
24 hours a day and most of the year.

Handling spring harvested grass generally generates guite a lot of dust. When pelletizing the
amount of dust spred can be reduced by using water sprinklers or steam and by mixing in -

other raw materials with the grass.
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During the nineties a mobile pelletizing unit has been put together by a farmer in an area
with big acreage of reed canary grass. For several reasons, not only technical, the unit has
so far run very few hours.

The farmers cooperation in the most southern county of Sweden, Skidne, produce some
15 000-20 000 tonnes of straw pellets each vear,

Transport
Small-scale transport

Wood chips are transported on tractor trailers only in very siall scale. During harvest
specially designed tractor trailers are used to transport material from the harvester to field
end or a nearby storage area. There are also tractor wagons carrying standard containers
which on the road go by commercial vehicles.

All types of bales can casily be transported on traditional farm trailers for e.g. grain.
However, the loads will be quite smail. For that reason many contractors and farmers have
used commercial trailers, usually 12,5 m of length. Combined with a trailer of 5 m -
allowed vehicle lenght is 24 m - a load of square bales will be 15-17 tonnes. The
commercial trailers are guite heavy, dimensioned for road transports at high speeds, why the

use of them may lead 10 not wanted compaction and tracks.

Another alternative for short distances are the selfloading wagons for round and square bales
that are available in many countries in Europe. The biggest of these have a load of 90 m’
which for the most dense bales of spring harvested reed canary grass corresponds fo 13
tonnes. One valuable advantage with these wagons are that they in short time both gather
and load the bales in the field with the use of just one person and one tractor.

Commercial transport
Salix

In Sweden vehicles on standard roads may be up to u maximum of 24 m in length, On the
best roads the fotal weight of the vehicle is allowable to be up to 60 tonnes. On these roads
the axle weight, one axle and not driven, may be up to 10 toones. The maximum possible
load is often in the region of 30 tonnes but varies with type of vehicle.

Just about all Salix chips go by standard 30 m? containers on commercial vehicles. This is
a well developed sysiem used when fetching wood chips from forest areas. Each vehicle
takes three containers, onc on the lorry and two on the trailer. The total ioad is
approximaiety 33 tonnes (16,5 ODT).
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There are also vehicles which take 120 m®. Since they must wait while being loaded they
are not of interest during harvest, Besides that the [oad of 120 m® Salix chips would be to
heavy to be legal. This type of vehicle fit in where there is some kind of terminal handling.

Whole Salix shoots should nonﬁaily not be transported on roads. After storage over summer
on or close to the field where it has grown it will be turned into chips. There are specially
designed commercial vehicles for logging residues which could be used for whole shoots.
They have a loading volume of 90 m®.

Reed canary grass

The commercial handling of reed canary grass is so far less than | 000 tonnes per year. The
grass marketed is used together with grain and rape seed straw in district heating plants in
the size of a few MW each. The total amount of straw and grass burned in plants with a
thermal effect bigger than | MW is approximately 10 000 ODT per year (150 000 (GI). Just
about all of this is transported with farm tractors.

There is also a market for straw as forage and as bedding material, probably substantially
bigger than the one for the fuel. To serve this market commercial vehicles are used. A 24 m
standard vehicle can take a load of some 15 tonnes {15 % m.c.). A few contractors use
vehicles spectally adapiled for square bales, These vehicles are loaded by a standard crane
for forest logs mounted at the rear of the lorry. To be able to fill the 12,5 m trailer without
disconnecting it from the lorry the floor on the tratler has been made hydraulicly movable.
There are also trailers with a lower load bed, 0,9 m above bround, than standard, which is
1,4 m. With this height it is possible to get an extra layer of bales put on top. With such a
mailer connected to a standard lorry the total Joad on the vehicle can reach close to
20 tonnes (15 % m.c.).

The value of straw for feeding and bedding is bigger than is the value as fuel. The fuel
value does not cover the cost for jong transpoerts. Therefore it fits best in local systems
where the tractor alternative is most competetive, This has been showed to be the case for

- L& . . - . -
up to 30 or 40 ki of one way transport 19 11 the use of commercial vehicles for transport
of fuel grass and straw can be justified at all, the Toading and unloading must be very

efficient.

Drying and storage
Salix

For, among others, economical reasons Salix chips should not be stored. The fuel should
preferably go directly to the utilization plant, which today i1s usually the case. This i
possible because the amount is small and serves as a complement to forest residues, If the
volumes get big there will wrise & need for storage since harvest is Bmiled to the period

Decembor o April, maybe even a shorter period.
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If the ambient air ternperature exceeds 0° C chips of Salix should not be stored without
treatment. In stacks of chiss, 3 m high and 6 m long, continvous venitlation from Januari
to May has proved to keep the hyginic quality in the fuel and also to somewhat lower the
moisture confent. Today the cost for ventifation and the price for the fuel in most cases
malkes it impossible to compete with other fuels*C.

Storage of Salix chips over swnmer are at the moment being studied. No results are yet
available,

Whole shoots of Salix can be stored over summer without big loss of dry matter and health
risks, such as spore release. The dry matter content in the shoots will ingrease from 50 %
fo between 65 and 75 %2, If left also during avtumn the I M. content will decrease again
due to rain. When storing logging residues in the forest the top of the piles are often
covered with a paper maferial to prevent precipitation to penetrate the stack. This is made
also with Salix shoots in an ongeing trial,

For drying of Salix chips techniques for forest residues can be used. The consumption of
energy in conventional methods vary between 2 800 and 4 500 kl/kg of water evaporated.
There are other techniques with lower needs, for instance steam drying where 600-900 klkg
can be enough. As a comparisson, the loss of energy when burning wet fuel without
condensing the water in the flue gas is 2 400 kl/kg water'”,

No data from drying trials with Salix are available.
Reed canary grass

So far, delayed harvest of reed canary grass has meant spring harvest. The harvest then
appears at the end of the period when fuel for heating is needed, For that reason most grass
has been stored undil next avtumn and winter.

One of the vaiuable advantages connected Lo spring harvested grass is that the possibilities
to harvest the crop at a high dry matter content are good. Experiences so far indicate that
generally it is possible to hold the content above 80 % and that it often will be between 85
and 90 %, Refering to knowledge from storing summer harvested grass and straw, at these
levels there should be no rise tor mould during storage and thereby cavsed hygienical

problems. No studies on this in spring harvested reed canary grass have been conducted.

To be correct, the accepted minimum DM, content at harvest in many cases actuaily sets
the limit for the start of the harvest. The higher the requirement in this matter, the shorter
the period for harvest.

1f the harvest is done during winter or very early in spring the average DM, content will
be lower than stated above. The variation within the material, as in a bale for example, will
then also probably be substantiafly bigger. If the grass can be delivered and used directly
alter harvest the DM, content Is of less importunce, provided the varistion s of no

complication.
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Sevesal farmers and also scienlisis have tried 1o store bated straw and grass outside. 1t has
proved fo be quite difficult to succeed in this. For big amounts, { 000 tons, thers is a
technique used in United Kingdom and in Denmark where in principle the straw is used as
building materiai for a slorage. The pile of bales is so big that the damage of the bales in
the top layer is accepted and looked at as marginal. There are also different alternative use

for these bales.

In Sweden there is quite a lot of rain falling during July-December (300-500 mm). [During
the autumn there are one or more guite heavy storms. This makes it difficult o preserve a

pood quality of bales stored outside.
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3.4 ENVIRONMENTAL ASPECTS

Table 3.5 Checklist on environmental aspects

Harvesting Machines

Salix cutier

Bale press

Impacts

Soil compaction:
weight from 7 up
oigt(l6t
including traiter}

Soil compaction

Packaging Process

Process Briquetting Pelietising

Impacts Dust, noise Bust, noise

Transport (farm) Chips Baie transport
Vehicle mass (i), estimated Upto20tor Tractor: 5-16 4.
ground pressure, soil more. Varable soil Traiter: 6-12 t.
condition (dry, wet, frozen, conditions, Usually dry
variablg) - sometimes frozen conditions

Impacts

Heavy compaction

Heavy compaction

Transport {commercial)

Salix

Bale transport

Vehicles on fields

Somatimes

Seldom

Impacts

Heavy compaction

Drying and storage

Salix chips

Environmental and safety
concems

Health hazard

Measures being suggested
{0 reduce these impacts

Direct delivery
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3.5 ENERGY ASPECTS

In table 3.6 some examples of the energy consumption in the production are given. They

should be treated just as examples and not used for further calculations.

Table 3.6 Checklist on energy aspects. Notice that the figures are from different references and therefore not

directly compareable.

Harvesting machines

Clags Jaguar 695

Empire 2000

Big balers

Description Self propeiled harvester Self propeiled harvaster By tractor trailed balers:
making wood chips collecting whole shoots ' round or square balss,
100-500 kg
Diesel use (example)
0 4018 3018 10-20
- YODT of product 2.7 at 15 CDT/h 2.5 at 12 ODT/h 1-2

Packaging Process

Briguetting

Peilatizing

Description

Piston press

Rolier die press

kWh electricity per ODT
{example)

1007 (actually per tonne
product)

120" {actually per tonne
product)

Transport {farm)

- Square bales

Diesel use, VODT of
product transported,
including loading and
unloading {example)

46 VODT for 1 + 18 km,
e.g. two cycles of loading
and unicading'!

0.8 I/km transport21

Transport
{commercial)

Salix chips

Salix shoots

Diesel use, (exampla)

0.5 Vkm and vehicle®,
16.5 CDT/oad equals
0.20 YODT and km

0.5 I/km + 4 load for
loading®. 12 ODT/load
gquais 0.42 YODT and
km + §.35 FODT for
loading

Drying and storage

Wood chips'?

{example)

exhaust gas dryers

2.8-4.5 Mi/kg Hy0

other conventional 2845 -"-
techniques

two effect dryers 17-27 -7 -

steam dryers 0608 -".

dryers with heat pump 0.3-1.0 - "-
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The use of diesel and electricity is given quite little attention since it’s effect on the
overall monetary cost often is marginal. One misstake sometimes being made is to
multiply the effect beeing necessary in a tractor or an electric motor with a figure for the
fuel consumption per kW, For instance, a big square bater may need a 100 kW tractor.
The fuel consumption is said to be appr. 250 g of diesel per kW and hour. So the
calculated fuel consumption wili be 25 kg/h (30 Vh} while it in practice most often is
smaller than 20 I/h. The explanation is that 100 kW is the maximum effect necessary and
that the average effect used is way under 100 kW,

The input/output ratio of the production is seen in table 3.7. Of great importance for the
input/output ratio in energy terms is the amount of fertilizer used, the average net yield
achieved with this amount of fertilizer and the size of material loss in the process.

In both the production of Salix and reed canary grass the input in the establishment is
parted out over several years. This is an advantage of perennial crops.
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Table 3.7 Energy input in energy crop production, GJ/ha and year as average over lifetime. Figures based on

reference *%' and adjusted on net yield and use of fertilizer
Case Salix chips . Reed canary grass bales
Preconditions
lifetirne (years) 25 HY
harvest intervals (years) 4 1
fertilizer (N/F/K), average, kg/ha and year 80/10/25 80/10/25

{N 432 Mdfkg: P 15,0 Md/kg; K 9,0 Mdrkg)

yield {ODT/year as a mean of the crop lifetime) 10 7.5
net calorific vaive (GHODT) 16.2 16.9
efficiency in burning (%) 96 90
Cuttings/seed .16 5.015
Fertitizer 3.8 3.8
Diesel for establishment, care and fieid clearing { .73 0.56
Diesel for harvest | 1.2 2.54
Diesel for transport, 30 km for Satix, 1415 km 1.86 {transport included)
for grass
Inclirect energy in machinery for establishment, 0.14 012
care and field clearing
Indirect energy in machinery for harvest and 0.60 - 0.98
transport
Added 10 % of indirect energy for maintenace 0.07 0.1
Total input exclusive of resources in energy 8.56 8.12
production plant
Totai output, thermal 145.80 114.08
ingrut/output (%) 5.87 7.12
Qutputinput ratio 17.04

14.04
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3.6

" ECONOMIC ASPECTS

There is a thesis comming up about the business economics in the production of Salix2*.
This will deal with ali important questions about the production economy. There is a
very detailed calculation model available. There is also a version of the same model for
reed canary grass.

The economy is quite dependant on the net yield of the crops as well as of the amount
of nitrogen fertilizer needed to achieve this yield.

A couple of examples of cconomic analysis are given in table 3.9, In these analysis the

- cost for lubor and investments are included ar their full rate.

The cost for tenancy of land is not included. At the moment the tenancy in Sweden

~varies between 0 and 250, maybe even more, ECU per hectar. This corresponds to

between 0 and 1.5 ECU/GJ for Salix and between O and 1.9 ECU/G) for reed canary

orass.

The costs for fieldvisits, administration and marketing in table 3.9 has been fetched from
two different sources and are actually not comparable.

Satix
The cost for producing Salix chips can roughly be divided like the following:

9 of cost

Establishment and plant protection 20
Fertilization 20
Harvest 30
Transport on road 20
Administration : 10

There is a big investment m the beginning of the production, The income is distributed
over a long time and every forth year. This puts special stress on the enterprice solvency.
In Sweden this strain has so far been eliminated by a establishment grant which has

covered the total establishment cost.

The costs for Salix cuttings is approximately 0.036 ECU/piece. 18 000 cuttings per
hectar makes 650 ECU/ha, The Henriksson method for establishment is offered for
340 ECU/ha including cuttings.

The labor resource needed in Sulix production is smaller than in grain production,

tnstead more services from outside the favming enterprice is needed.
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Reed canary grass

The cost for producing bales of reed canary grass can roughly be divided like the

- fotlowing:
9o of cost

Establishment and plant protection10 (9)

Fertilization 25 (24
Harvest 40
Storage ' 1
Transport on road I35
Administration : 2

The reed canary grass seed is guite expensive compared to other grass seed. 1995 the
cost was 1 ECU/kg. If seeding 15 kg/ha the seed cost will be 160 ECU/ha. There has
been no grant for seeding reed canary grass corresponding to that for Salix.

Table 3.8 Economical aspects. Notice that the figures are from different references and therefore not directly
compareabie.

Harvesting Salix direct chipper | Salix shoot Big square baler Square and round
machines harvester {Hesston 4800/4900) | baler, 100-200 kg
bales
Contractor rates for Mowing: 40-50 (35 ECU/ha)
harvesting (ECU/h) Square: 100-120, Round: ca 50
Extra for chopping eq. 6-10 ECU/tonne

Investment, KEGLE | Austoft: 200 Empire: 120 Hefer to commercial dealer

Claas: 210

Hender 125 kW:

G3+tractor

Bender 85 kKW

40+tr.

Packaging process
1ggz'
19064

Briouetting "’
1: 2 000 Wy
2: 25 000 Wy

Bri(.;ueiténgd‘“)'
8 GO0 vy

Peﬂetising”

110 000 tonfy

2: 50 000 fonly
(with dryer}

Pellelising ™
25 000 ty

invesiment, total 1: 300 235 (no busld.) 1: 600 200
plant, kKECU 2:2 500 2: 4 560

Calculated cost, 1:33 1.1-1.7 1:2.0 0.8-1.2
ECU/GY 2: 1.5 2:1.3
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Transport (farm}

Square bales

Round bales

Calculated cost,
(ECU/QDT of
product transported)

Gathering of bales in
field and transport
14 km to storage:
7.0 ECU/ODT

10 km transport to
uger: 6.8 ECU/CDT
(1994)%3
6.8+0.33/km
(1990)"?

Gathering of bales in
field and transport

4 km to storage:

9.2 ECU/ODT

10 km transpon to
user: 8.7
ECU/ODT?® (1994)

Cost of diesel

0.52 ECUA {(4.30 SEK/)

Transport

{commerciai) Salix chips Salix shoots Square bales
cost of moving 9.4 in 90 m> 3.5+0.13/km, 16.4+0.08/km
product (ECU/ODT container, 2.3+0.09/km it (1990)19

of product (30 km, 1933)>* compactad

transported) 4.6+0.13/km In (20 km, 199122

container,
2.7+0.11/km in chip
lorry

(20 km, 1991)%2
7+0.1/km {1990)"

Cost of diesel

0.51 ECUA {4.20 SEK})

Annual tax on
vehicle

appr. 4.800 ECUly
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Table 3.9 Example of economic analysis of energy crap groduction, SEK/(hayear) unless otherwise stated®?

Crop Salix Heed canary grass
Coeconaions -
vear of calcutation 1993 (fertil. 1005) 1895
lifetime (vears) 24 o
fertllizer {N/P/), mverage, kig/ha and year BO/10/25 80/10/25
max vield from year no & 3
harvest intervals {years) 4 1
dry matler comtent when fed into bumner (%) 50 85
ntarest on fop of inflation {%) 8 8
yield (ODTlyear as a mean of the crop lifetime) 16.0 7.5
net calorific vaiue at this 0.M. content (GJ/ODT) | 16.2 16.9
m(—;rop establishiment 672 341
Fertifization 991 g15
Plant protection and weeds after establishment 80 0
Harvest 1231 1467
Storage - 414
H'?ranspor't, Salix 50 km, grass 20 km 672 518
Field clearing {perennials) 59 &
Fialdvisits, administration and marketing 480 B85 {adm. daliv. only)
Tenancy for land 0 O
Tenancy for wniands (10 % of cultivaled area) G -
Taial costs per ha, SEK/(hayear) 4,185 3,740
Engrgy crop grants per ha - -
i Met costs SER/OQDT 489 547
ECLHODT 59.0 65.9
ECLHG .64 3.90

Market price of similar biomass to district
heating plants (ECUIGJ}”32

Average apor, 3.7 ECU/G (110 SEK/MWN)
interval 2.0-4.2 ECWIGY

Market price of coaf to industry and 1o other
than industry (ECUMon and EECU.’GJ)42

ind.: 118 ECUfton, 4.3 ECUIGJ
Gther: 200 ECUAon, 7.5 ECLI/GY

i Market price of light oil to indusiry and o other
! than industry (ECUften and ECU/G)*

ind.: 220 ECUMon, 6.1 ECUGY
Other: 420 ECU/ton, 9.8 ECLIGY

BEKACU {20th May 18986)

i

8.30
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4 UTILIZATION
4.1  OVERVIEW OF UTILIZATION

Case Salix, big scale | Salix, big scale Salix, small scale | Grass, big scale Grass, small scale
140 MW Chips directly to Stored shoots, 30 MW powdar 2 MW straw
Gasifier, forest a 115 MW CFB, 4 MW chip burmer, 2 000 ha furmnage, 200 ha
fuel 2 000 ha furnace, 200 ha

Stalus and Research Demonstration Demonstration Research Demonstration

scala Potential 50 TJ 1996 Satenas Potential 30000 Biasta 150 Odtly
150 000 Odity Potental 300 Qdiy

Tty
Energy crop Not tested Willow in mixture | Wiilow Reed canary Reed canary grass
with forest fuels grass

Utilization Pressurized Circutated Moving grates Powder burnar Moving grates

Process gasification, fluidized
Integrated combustion
Gagsification
Combined Cycie

Product Heat and Heat anag Heat Haat Heat
alactricity electricity

Production 80 MW, 59 80 MW, 35 4 MW, 30 MW, 2 MW,

capacity MW, MW,
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42  AGRICULTURAL ASPECTS
4.2.1 Salix

Table 4.1 Fuel characteristics for Salix dried in bundle and Salix direct chopping. The presented data are
given in % of DM uniess otherwise stated.

Parameter Dried in bundie Direct chopping
Gross calorific heat value, MJ/kg 18.6 19.5

MNet calorific heat value, Md/kg 184 18.3

Ash : . ' 241 1.6

Carbon ) 48 43

Hydrogen 59 6.0

Nitrogen 0.4 0.4

Sultar 8.1 0.03

Chlarine 0.05 0.01

Voilatile matter - g2

Major inarganic elements:

Potassium ' 0.47 0.20
Calcium 0.59 0.44
Magnesium 0.05 0.006
Sodium - 0.003
Phosphor 0.08 0.05
Silicon - .01

Minor elemenis pg/g:

Cadmium 4.1 1.8
Lead 2.4 0.14
Mercury <0.08 -
Zinc i1 75

4 . . - .
84 e unfortunately nol from the same fickd and therefore there are

The anaiyscs4
difficuit to make sale conclusions. There are generally not great differences in fuel
characteristics of importance between dried Salix in bundles and direct chopped Salix.
The ash content in Salix are comparable to forest fuel, but higher than for wood chips
(from steam}. The content of potassium in salix is rather high and it might cause
problems with deposits in the boiler and in the particle reduction equipment. The content
of cadmium is generally significantly higher compared to reed canary grass and forest
fuels®®. The calorific heat value in DM for salix is approximately 3 % higher than for
reed canary grass but wood fuels have in average approximately 5 % higher calorific
heat value in DM comparing to Salix. There are no available dati for the ash fusion for

Salix published at this tine,
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4.2.2

Enffuence of growing conditions

Analyses on the ash formation elements from different growing places show no great
variation, as most a factor 2, The analyses shows that the efements Mn, Si, Al Cd and
Na have variation higher than 50 %, Elements with variation less than 50 % are N, P, K,
§ and Ca. .

Reed canary grass

The loss of nutrients in grass on the field during the winter reduce the ash content but
the silica content increases. The delayed harvesting system improves the fuel quality in
reed canary grass compared with harvest in late summer®™’, The great foss of chlorine
and the increase of the ash mehting point in the delayed harvested crop has significant
importance for most combustion processes. Some of the investigated fuel parameters
have shown insignificant differences between summer and delayed harvested reed canary
grass. These parameters are calorific heat value, carbon-, hydrogen- and volatile matter-
content. The contents of arsenic, cadmium, lead and mercury in summer and delayed
harvested reed canary grass do not show high concentrations. However, there are a
raising level during the winter period of arsenic- and lead content in delayed harvested
grass.
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Table 4.2 The influence of harvest time on fue! characteristics for reed canary grass. The presented data are
mean values and standard deviations {in brackets) of recordings of 15 places throughout Sweden and 22
sxperimental years, % of DM anless otherwise stated.

Summer Delayed

harvest harvest
Parameter July-October Mars-May
Gross calorific heat vaiue, MJ/kg 19.1 (4.91) 18.8 (0.85)
Net. calorific heat value, MU/kg 17.3 (0.81) 17.6 {0.85)
Ash 6.4 {1.92) 5.6 (1.82)
Carbon 48 (1.20 ) 46 (1.53)
Hydrogen 5.7 (0.30) 5.5 {0.26)
Nitroger 1.33 {0.42) 0.88 {0.22)
Volatiles malier 71 (1,9) 74 (1.0}
initial ash deformation, ° G 1074 {61) 1404 (183}
Major slements:
Suifur 0.17 (0.05) 0.09 {0.02)
Chiorine 0.56 (0.27} G.08 (0.07)
Potassium 1.23 ((0.46) 0.27 {D.17)
Calcium (.35 {0.11) 0.20 {0.068)
Magnesium .13 {0.05) 0.05 {0.02)
Phosphor 0.17 (0.06) 0.11 (0.04)
Silicon 1.2 (0.65) 1.85 (0.77)
Sodium 0.02 {0.009) 0.02 {0.012)
Minar elements mg/kg
Cadmium 0.04 (0.02} 0.08 {0.05)
lLead 1.0 (0.7) 2.1 (1.4}
Mercury 0.03 (0.01) (.03 {0.01}
Arsanic 0.11 {0.03) 0.22 {0.13)

Fafjuence of growing conditions

Dhifferent soil types affcets the uptake of ash formation clements stgniticantly m reed

canary grass. Plant materials grown on heavy clay sotls gives the highest ash content m

the crop. The content of humus in soil seam o affects the uptake of ash formation

elements in grass, For plant material growing on humus rich soils the ash content 18 2.5

times lower than the mean value of ash content from all field trials. It is to early to

confirm the effect of the annual growing season on the uptake of ash formation elements

in plant material but the influence of soil type seam to be most significant at the time.

Fuel characteristics for reed canary grass growing on humus rich soils are in most cases

comparable to forest fuels - especially for the heat value, the ash content and the initial

ash deformation temperure.
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Table 4.3 #Mean values for characterization on reed canary grass compared with the most extreme differences
in recorded plant materials from 14 places. The presented data are given in % of UM uniess otherwise stated,

mean values 15 numus tich
Parameter places clay soil sand soit
Net. calorific heat value MJikg 17.9 16.6 18.3
Ash 5.6 10.1 2.2
Suifur 0.c8 0.1¢ 0.10
Chiorine 0.08 0.1¢ 0.05
Potassium 0.27 0.30 0.12
Calcium 0.20 0.17 0.15
Magnesium 0.05 0.08 0.04
Silica 24 3.2 0.56
initial ash detormation °C 1404 1540 1220
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TECHNIQUES/TECHNOLOGIES
Grass in a 2 MW, district heating sysiom
Deseription of the plant

The district heating plant is owned and operated by three farmers. It was build in 1992
and delivers heat to the community Bjista, 20 km south of Ornskaldsvik. The main fuel
are dry wood chips from saw mills. The investment costs is approximately 650 kECUL
During 1995 and 1996, 200 tons of reed cunary grass {1 500 Gy have been burned in
the heating plant. The instailed power capocsy on the boiler is 2MW ; and the annual
use is approximately 5 000 h. The grass roundhides are cutted in a fraction between 50-
[50 mm. Normally the moisiure congent is around 15 % for the ased foels, and the
allowed moisture interval for the boiler is 10-35 %. The combustion furnace has moving
grates, The fluegas is cleaned from partictes by a multicyclon. The ash is handled in wet
conditions (water bath) and the ash material is screwed from the boiler to a container.

Experience burning reed canary grass

Comparing (0 wood {uel there we no techical probloms of importance burning reed
canary grass, except for o higher amount ol ash and unburaed material in the end of the
grz.lte“”. However, mixtures of reed cunary grass and wood chips gives less of these
problem. The emissions are tolally lower using reed canary grass in mixtures with wood
chips. No problem with sinder ash or ash deposits has been registered in (he botler using
delayed harvesied reed canary grass. Earlier tests with summer harvested grass gave

prablems with soft deposiis {probably KCl)y on the convection parts.

Using only reed canary grass the emissions of NGO, and particles are significanily higher
than for wood chips. Emission for wood chips have the following values: NG, 38
mg/MI, particles 61 mg;’Nm} at 13 9% CO,. The higher NO, emission comparing (o
wood chips (lable 4.4) 15 probably caused by higher nitrogen content tn reed canary

grass.
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Table 4.4 Testing values from combustion with reed canary grass (18 % moisture contant}

Param—;ter T |
Power at measuting period 1 600 KW,

Pariicies 105 mg/Nm® 13 % GO,

NG, 218 mg/MJ

cO _ 28 ppm

0, 8.7 %

CO, 117 %

Efficiency 89 %

4.3.2 Salix in a 4 MW, heating system
Description of the plant

The disirict heating plant is owned by Vi-Energi. It was built in 1992 and delivers hewt
water to Sdteniis military air buse near the city of Lidkdping. The investment cost is
arcund 1 500 kECU. The main fucls is straw, dry woeaod chips and willow. The insialied
power capacity of the boiler is 4 MW, and the furnace has moving grates. The
construction is nearly the same as in Bjasta. The fluegas is cleaned from particles with a
muiticycion and textile fifter. The ash is handled in wet condition (water bath) and the
ash material is screwed from the boiler to a container. The straw bales, HD-bales and
round bales, are cut in a fraction between 50-150 mm. Putting chips of willow or wood

on top of ihe HD-bales is the methed used for mixtures of other fuels with straw.
Experience from burning of willow dried in bundles

Witlow as fucl s possible bui some problems in combustion have occurred dusing the
test period’?. Deposits in the furnace and on the convection area have been noticed.
Volatile inorganic compounds such us K and €1 evaporates in combustion and condense
on cooler areas. These substances (sublimates) also causes problems stocking the textile
filter. In the furnace problem exists to reach a glowing fuel bed in the end of the grate.
It probably depends on the high volatife matter content in willow fuels. Most of these
problems are solved when willow is used in mixtures with straw. The burning test of

Willow gave low emissions {iable 4.5).
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Tabie 4.5 Testing values from combustion with @illow (moisturs content 26 %)

Parameler
Power at measuring period 2 BOD-3 100 KWy,
Particles
- after cyclone 330-410 mg/?\}ma dg 13 % CO,
- after textile filter 7 mg;’Nm3 dg 13 % GO,
NO, 76-80 mg/MJ
CO 80-200 mg/MJ
7, 6571 %
L)

CQ, 13.4-14.0 %

. 8
Fuinace temnperature 700-740 °C
Fue gas emperature 140-180 °C
Efficiency 84 %

4.3.3 fLarge scale combustion of willow chips
C¥B-power and heating plant in Orebro

The CFB boiler was put into operation in 1989 and is one of the largest CFB-plants for
biomass in Europ653. The usefud effect is 165 MW (50 MW, and 110 MW ). The
annual production of electricity is 840 TJ respectively 1750 TJ of heat. The efficiency is
totally 90 % and for electricity only, 27 % net power. Daring 1993, the delivered amount
of energy was 3 040 TF 1o the CEFB-plant. The distribution ratio for the used fuels was
following tn 19932 220 T3 coal, 1 400 T3 peat and | 400 T3 forest fuels. The annual use
of the plant 15 5300 h, To reach full power (100 %) 1o the boiler with wood Tugls it is
necessary o use 30 % coal, peat or oil as additional fuel. I 100 9% of forest fuels or
willow fuel is used the maximum power is decreased o 185 MW, .
Today there is approximately 2 000 ha of willow growing within 30 km radius from the
Grebro power/heating plant. Willow have been tried as fuel in mixtures with forest fuels.
During 1996 approximately 50 TJ of willow was delivered to the CFR-plant in Orebro.
No technical or environmental problems have been registered using witfow in mixiures

with forest fuels,

i
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Table 4.6 Environmental comparisons made between the different parts of the fuel chains for 160 % use of

willowfforast fuel and coal (mg/iid)

Forest fusls/wiliow Coal
Emission
Sulfur (S) 3 50
Nitrogen (NQ,) 40 40
Paricels <10 <10
Nitrogen (N,0) 25 70
Carbondioxid {CC,) ¢ 92 000

4.3.4

Use of biofuel has several advantages compared to coal with regard to environmental
aspects. A major advantage of biofuel is found in the greenhouse gas problem.
Combustion of biofuel give, in confrast to coal, no net emissions of carbon dioxide.

Reed canary grass as fuel powder in a 30 MW, district heating system
Bescription of the plant

Reed canary grass has been used in a fulf scafe milling triad and in a {ull scale
combustion iest in a 30 MW, powder fired boiler™®. This heating plant was originally

built for combustion of oil and later converted to solid pulverized fuels (coal, peat,
oliveseeds, and wood powder).

Full scale milling trial

The experimental tests show that spring harvested and field dried reed canary grass
(motsture content approximately 10 %) can be used as & raw material for powder
manufacturing, # can be milled, handled and stored the same way as wood powder. The
miisture content of the grass powder was 8.4 % with a variation ( st dev) of 0.55 9.
The drying effect of milling was 1.4 %. The wood powder used us reforence fue! has a

moisture content of approximately 9 % which is optimal for the 30 MW, boiler used.
Fuall scale combustion

The reed canary grass powder was transported (o the heat plant by road (big lorries), and
stored for a short time before further transportation 1o the burners. No specitic problems
could be seen. At the test 55 tons of reed canary grass powder was used, which was
sufficient for about 9 hours of combustion. The combustion parameters for the boiler
were set the same way as when burning wood powder. The test was short, but it can be
stated that recd canary grass can be combusted without trimming the boiler. This was
better then expected. The CO-content of the fluc gas was rekively stable with i tmean

value over the hour of 150 ppm at remarkably fow 1.6 % O, conteat (4.5 % Q- for
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4.3.5

wood powder). Besides showing that reed canary grass has combustion properties similar
to wood, the test also showed that it is possible tor produce a fuel with an even quality
and satistying fluid propertics from reed canary grass, This can be confirmed since the
systems for powder fucls are sensitive to fuel variations.

Two problem arcas were noted during the test,

Ash properties: Powder from reed canary grass contains ten times much ash as wood
powder, The grass ash has a high sitica contens, which gave soft fluffy deposits at some
positions in the boiler and on the convection surfaces. The ash does not show any
tendency o melt so it seems like conventional soot blowing technigues can be used 1o
deal with the problem. There were also problems transporting the ashes out of the
electric filters caused by the large volumes of ashes. The unburned material in the ash
was 7.7 %. (23 % for wood ash)

MO, -emissions: Reed canary grass powder gave fairly high emissions of NOG,, 210-

290 mg/MJ, compared to the wood powder gquality with the lowest NO, -emissions. The
best wood powder from this point of view, emitted 70-100 mg/MI. Reed canary grass
has a higher content of nitrogen than wood, but this is probably not the only explanation.

The test was to short to optimize the powder fraction in the mill to the burner.

The disadvantage of using veed canary grass or wood powder in a converted o {ired

boiler is the reduced power Tor the boiler.

Prodaction of fuel powder from reed canary grass

Trials have shown that cutting and fine cutting of reed canary grass bales can be done
with sufficiently high capacity using commercially avaifable equipment®”. The trials also
show that there s no technical problem o finegrind field dried spring harvested reed
canary grass. The powder shows a size distribution similar to commercial wood powder,
The fowest tolal consumption of electricity for the production of powder from reed

cafslry grass is approximately £7 % of the energy content in the prass.

Laboratory triads have shown that powder from reed camry grass in most cases has 10 -
{5 % lower bulk density than wood powder. Powder from reed canary grass and wood

has similar flowing properties.

The powder production costs are low for reed canary grass depending on the dry raw
matertal, which eliminates the expensive drying process. The production cost for
commercial wood powder is approximately 5.6 BCU/GI raw material included. For reed
canary grass the powder production cost is between 0.7-0.8 BCU/GT at 5 0060-7 000 h
anpual production time. If the cost for the raw materiad {grass bales), 3.8-4.9 BCU/GI, iy
added to the production cost, the total cost equals 4.5-5.7 BCU/GI. The corresponding

. . . . J . e
price for enerpy coul to other costumers than industey is appr. 7.5 BOU/GIH.
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4.3.0

Tabie 4.7 Costs for powder production from reed canary grass in a existing avsilabie part of or
whole indusirial building®®

Preconditions

lavestment in machinery and other 730.000 ECU
equipment and instailation

Annual production: 5 t/h, 5000 b petfyear = 25.000 t /year.

Costs, ECUfy
Pay off period

5 years 10 years
Capital cost 191.600 118.000
Wages 103.000 103.600
Eiectricity 48.000 48.600
Mainfenance 25.000 25,000
Machinery rent 15.000 15.000
Total 382.600 308.600
ECUf 15.3 12.3
ECU/GY 0.50 0.74

Pressurized gasification of biomass

Based on prestudies of different power generation technologies the IGCC {Integrated
Gasitication Combined Cycle) based on air blawn gasification with hot aas clean-up and
combined cycle was found to be one of the most promising technologies for power
production from biolucls. The HGOC Tor biofuels is a new technology with several
unproved process steps. To verily the performance of the critical process steps an
extensive testprogramme hus been carried out covering all aspects of a biomass fuel
based 1GCC.

The most extensive program has been carried oul concerning pasification and Qas
cleanup. The produced gas must contain a low content of dust, chlorine and alkali metals
to prevent erosion and corrosion on the gas turbine.

The tests have been performed on wood fuel in a 400 kW, . laboratory gasitier and in a
15 MW, . pilol plant and also combustion of low calenfic sas in a gas turbine
fuct P { & &

combustor. The results from this tests gave the following conclusions:

Steam drymg of the Tuel s possible 1o use without any technical problems.
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- The ceramic high temperature filter has showed very good cleining effect on alkahi
and dust which are at the level of demands from the goas turbine {used in this test)

manufacture.

- The produced gas-has a heating value of 4-6 MI/Nin® which is'enough for the gas
turbine combustor used in-this test.

- Most of the fuel bound nitrogen (60-80 %) is converted to ammonia in the
gastfication process. Partly (25-50 %) of the produced ammonia i converted to
nitrogen oxides at combustion in the gas furbine. The caleuiuted NO ~emission based
on the trials are between-80-130 mgp/MI. This values have been veach using biofucls
with .2-0.5 % nitrogen in DM,

- The ash from the gasifier is suitable for fertilization

- Willow has not been tested as fuel using IGCC technology

The IGCC plant based on biofuels with an estimated effect of 140 MW gives following

distribution of power:

Blectricity 3 59 MW

Heat : 60 MW

Efficiency clectricity net 42

Total efticiency net 85 %

The areas which can be pointed out for further development are the decomposition of

ammonia in the fuel gas, conversion of wmmonia in the gas turbine, methods for
measurements of alkaline, long-term performance for the ceramic filter candles and

further development of the feeding system for reduction of the nert cas consumption.
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5.1

CONCLUSIONS AND RECOMMENDATION

The conditions in Sweden for development and increase of the vse of biomass in general
is at the moment favorable. This is for one reason due to heavy taxation of fossil fuels in
the sector for consumers other than industry and producers of eleciricity. There are also
several activities on developing the utilization of biomass for production of electricity in
new and more efficient processes.

The interest for increased use of biomass is high. The political ambitions are also high.
At the same time, there are powerful parties with the opinion that a conversion to
hiomass to a large extent will lead to an unacceptable increase of the price of electricity.

The biggest potential is in wood fuel from forestry. There are 23 million hectares of
forest Jand in Sweden, while less than 3 million hectar arable land, There is an old
tradition of utilizing the energy resources in forestry within the forest and pulp industry.
Also, the possible production of fuels in agriculture is substantial. However, the interest
for these fuels at the moment comes in second place.

One important goal to achieve is to get an acceptance for energy crops from both
farmers and costumers, At present, the market hesitates because it doesn’t trust
agriculture’s possibilities to reliable deliveries. At the same thime the farmers hesitaie
because they see no market for the agricubiural fuels. At last, it alt comes dowa to if

there is a sustainable cconomy in the production or not,

CROP PRODUCTION
Salix

Continued efforts must be done in breeding concerning frost tolerance and resistence to
rust attachs. From an agronomic poind of view the rescarch and development maust focus
on methods for weed control as well as nutrient balance studies to pet o better
knowledge about the need of nutrients in different soils in different regions of Europe,
The water requirements for prnn!ﬁciinn m different sotls in different regions of Hurope is

also of vital interest for the further development of this crop.

The longtime yiclkd of this crop is also of importance to follow - up as all calculations
are based on a cropping time of 24 years.

Research and development for improved technology for establishment of plantations are
also important to decrease the plantation costs.
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Reed canary grass

Breeding efforts to gel varieties suitable for energy purposes must increase and develop
varieties for different regions of Europe.The most important goal in this is to increase the
stem yvield compared. to the very leafy varities now available for forage purposes .Other
‘imporiant goals for both. breeding and production are 10 get a better understanding of the
silica uptake to get varities and production technology to decrease the silica
content.Nutrient batance and water requirement studies are also important for evaluation

of growth and fuel quality on different soils in different climates.

HARVESTING AND PROUESSING
Salix

The direct chipping method is now developed and used commercially in Sweden, If the
soil is not frozen during the harvesting and utilization period, or if the use of willow
chips will increase largety without cocombustion possibilities with wood fuels, ajso the

whole shoot harvesting technology must be improved.
Reed canary grass

The mechanical losses ag harvest need to be lowered from tonnes per hectar (o soime

hundred kg.

The harvesting and handling system with bales represent a large portion of the total fuel
cost. Alternative technologies without baling need to be evaluated, One such technology
ts direct cutting and storing outdoor in very large piles in or close to the field. The cut
material is compacted only under transportation to the customer. Another inferesting

alternative s the compact roller technigue developed in Germany.

The variation in harvest conditions and haevested amount of fuel between years need to
he examined. Handling and market systems which compensite for 1he biggest varations

need 1o be developed.
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5.3

UTILIZATION
Salix

Energy production from fuel produced by the direct chipping method is working well in
cocombustion with wood fuels. If burned as pure fuel, some severe disturbances has
been reported in conventional boilers. One problem registered is the high moisture
content. This problein can be met by cocombustion. Still, there is a need for further
research on fuel characterization to make it possible to develop a better burning
technology.

Reed canary grass

The fuel produced with the delayed harvesting method is very dry. This means that the
fuel is very suitable for upgrading to briquettes, pellets and to fuel powder. In
combustion, the high ash and silica content can cause problems with loose ash deposits
in parts of the botler. Development of cocombustion technologies with other fuels is one
important way to solve this problem. Another way is to develop boiler systems which
can handle this silica problem.
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Annex 1 - PROJECT COORDINATGRS AND MAJOR PARTIES

I Swedish State Technical Beard (NUTEK)
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2 Swedish Farmers’ Foundation for Agricultural Research
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Tel. +46-8 787 50 (), fax +46-8 787 53 530

V5

Swedish Board of Agricelure
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Tel, +46-36 15 50 (0, fax +46-36 19 05 46
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Box 6488
5-113 82 STOCKHOLM
Tel +46-8 736 09 10, fax +46-8 33 26 {5

5 Vattenfall
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Tel. +46-% 739 50 G, fax +46-8 739 68 (7

6 Swedish Uaiversity of Agricultural Sciences
Dept. of Short Rotation Forestry
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S 750 07 UPPSALA
Tel. +46-18 67 10 G0, fax +406-18 67 34 40

7 Swedish Usiversity of Agricultural Sciences
Dept. of Agricultural Research for Northern Sweden
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S 904 03 UMEA
Tel, +46-90 17 94 00, fax +46-90 17 94 44

&  Swedish Institute of Agricultural Engineering
Box 7033
S3-750 07 UPPSALA
Tel, +46-18 30 33 00, fax +40-18 30 09 36

9 Agrobrinsle AB
Box 1743
§ 701 17 OREBRO
Tel. +46-19 21 78 80, fax +40-19 27 08 63

Hr Henriksson Salin AB
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