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Procurement and production of biofuels -
a Finnish example of private entrepreneurship

Abstract
Heating entrepreneurship (i.e. supplying customers with heat energy generated from
wood raw material) is a new form of rural enterprise in Finland. The action model is
such that the entrepreneur is mainly responsible for supplying heating energy to muni-
cipal real estates in the form of chipped wood. The heating entrepreneur procures the
fuel and attends to the supervision of the heating plant The entrepreneur is paid on the
basis of the amount of heat generated to avoid problems related to i.a. the energy con-
tent and quality of the fuel. The price of heat supplied is usually bound to the price of
light fuel oil. Agreements based on the price development of district heat and chips are
also used.

At the end of 1996 there were 36 examples of heating enterprises in Finland, and
about twenty new enterprises are being planned to start in this year. Twenty-nine of the
operational targets supplied by heating-energy entrepreneurs were single-building hea-
ting plants and seven were district heating plants. The combined total boiler capacity
per solid fuel was 11.5 MW and their average capacity was 0.32 MW. All of the plants
used oil as their source of additional or reserve energy.

Heating entrepreneurship provides extra income, especially for fanners, who have
otherwise unmarketable potential fuelwood in their woodlot, under-utilised timber har-
vesting equipment, experience of using fuel chips, and lack of supplementary income
opportunities. However, this form of entrepreneurship can seldom provide the primary
livelihood.

The Work Efficiency Institute has been engaged in developing small-scale heating
enterprises (based on heating plants with capacities of 50—500 kW) within the context
of the national Bioenergy research programme. Among other things, the Work Effici-
ency Institute has produced a booklet aimed at potential entrepreneurs.
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Introduction
Heating entrepreneur-ship is a new form of rural enterprise in Finland. The action model
is such that the entrepreneur mainly has responsibility for supplying heat to municipal
real estates using indigenous fuels. The heating entrepreneur procures the fuel and car-
ries out the supervision of the heating plant The entrepreneur is paid on the basis of the
amount of heat generated to avoid problems related to i.a. the energy content and qua-
lity of the fuel. The price of heat supplied is usually bound to the price of light fuel oil.
Agreements based on the price development of district heat and chips are also used.

Heating enterprises offer extra income especially for farmers who have otherwise
unmarketable potential fuelwood in their woodlots, under-utilised timber harvesting
equipment, experience of heating using wood chips, and lack of supplementary income
opportunities. Heating entrepreneurship can seldom provide the primary livelihood.

When establishing a heating enterprise, the factors to be considered include the size
of the site to be heated and the required investments. The commonest form is one in
which 1—4 entrepreneurs are responsible for heating local premises. Such heating
plants are usually 50—500 kW.

In a heating co-operative, the action model is such that forest owners collaborate in
the procurement and the delivery of the fuel chips to the customer's premises. The co-
operative's members are also in a position to earn revenues in the form of interest paid
on the invested capital and dividends paid out by the co-operative. A heating co-opera-
tive must have at least five members. The co-operative solution is appropriate when
dealing with heating entities larger than single building, e.g. district heating plants. In
these cases the plant size is between 0.5 MW and 2.5 MW.

The action model varies depending on the harvesting and chipping equipment, and
also according to the ownership of the heating equipment. Chip-fired heating plants are
usually owned by the purchaser of the heat, usually the local municipality. In the case
of larger entities, the energy co-operative or limited liability company may also own
the district heating plant and the energy distribution network belonging to it. Yet anot-
her model has the heating entrepreneur investing in chip-fired heating plant, but the
purchaser then redeems the equipment within an appointed time.

There are several other forms of heating enterprise in which the heating entrepre-
neur's tasks vary according to the stage of work in the chain of events between procu-
rement of the fuel raw material and heating. If the entrepreneur is unable to procure
enough fuelwood from his own woodlot, he can supplement his stock of fuelwood
through purchasing standing wood. In some cases it may be more economical to use the
services of another entrepreneur to carry out the chipping. Chip transportation can also
be contracted to another entrepreneur.

Current state of heating-energy entrepreneurship
According to the results of a survey conducted by Work Efficiency Institute, there were
three operational pioneer heating plants in Finland supplied by heating-energy entre-
preneurs in 1992 (Fig. 1). At the end of 1996, there were 36 operational supply targets.

132



About 60 entrepreneur targets were in the planning stage with 20 of them probably
starting in 1997.

1992 1993 1994 1995 1996 1997

Year

Figure 1. Heating entrepreneurship, usually involving the supply of chipped wood, has
become more common in Finland. In the beginning of this year there were 36 active
heating entrepreneurship plants and 20 new plants are planned to start in 1997.

Twenty-nine of the operational targets supplied by heating-energy entrepreneurs were
single-building heating plants and seven were district heating plants (Table 1). The
combined total boiler capacity per solid fuel was 11.5 MW and their average capacity
was 0.32 MW. All of the targets used oil as their source of additional or reserve energy.
Investments in heating plants had been done by the municipality in 22 cases, by the
heating-energy entrepreneur in 5, and by the municipality and the entrepreneur toget-
her in 9 cases.
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Table 1. Boiler capacities of the solid-fuel boilers in the targets with energy supplied by
heating-energy entrepreneurs in 1996.

Target type

District heating plant
Single-building heating plant
Total

Number

7
29
36

Solid-fuel
Total

7.0
4.5

11.5

boiler capacity, MW
Average

1.00
0.16
0.32

Individual entrepreneurs attended to heat generation at 17 of the targets and consortia
of entrepreneur at 10 targets (Table 2). The consortia of entrepreneur comprised 2-4
entrepreneurs. The commonest manner of organising the work as applied by consortia
of entrepreneurs was to share out the care and supervision of the heating plant into
shifts of 3-8 weeks. Each entrepreneur was responsible for the entire chain of events
involved in heat generation during his shift.

Table 2. Forms of activity in operational heating-energy entrepreneurship targets in
1996.

Target type Single Entrepreneur Limited liability Co-operative Total
entrepreneur consortium company

District heating plant 1 1 2 3 7
Single building heating plant 16 9 4 29
Total 17 10 6 3 36

The limited liability company was the form of organisation applied at six of the hea-
ting-energy entrepreneur targets. The company form was the most common because of
the investments necessitated by the wood-chip harvesting equipment or by the heating
plant. The said companies usually carried out other operations as well, e.g. wood-chip
contracting, planning of heating plants, and consultation in the field of energy genera-
tion.

An energy co-operative formed of forest owners attended to the supply of energy to
three district heating plants, one of which was constructed and owned by the co-opera-
tive. The said co-operatives had between 25 and 29 members. In the case of the co-ope-
rative target, all members of the co-operative did not participate in the care of the hea-
ting plant; instead this task was the responsibility of a few of the members. The bulk of
the members participated merely by harvesting the fuelwood and in delivering it to the
heating plant.

The terms of agreement between an entrepreneur and a heating-energy purchaser
varied. Competing fuel types determined the bases for pricing. In small heating targets,
wood chips represented an alternative to light fuel oil. The competing fuel in the bigger
targets was heavy fuel oil. Also, investments in equipment and the length of delivery
contracts influenced the price paid for heating energy.

The lengths of the heating-energy supply contracts in the operational targets varied
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between 1 and 10 years. The price of heating energy had been bound solely to the price
of light fuel oil in every second contract. Among others factors influencing determining
and reviewing of the price of heating energy in other contracts were price development
of district heating and wood chips.

Except for one peat-fired heating plant (sod peat), the rest of the heating plants were
wood-fired. The heating plants consumed a total of 54 000 cubic metres 0oose) of
wood chips in a year, of which sawmill waste accounted for 6500 cubic metres (Table
3). The procurement of the fuelwood was divided as follows: 46% from the heating-
energy entrepreneurs' own forests and 54% purchased. 85% Of the amount of wood
chips consumed, 85% were produced using the entrepreneurs' own chippers, and 15%
were produced by outsiders (subcontractors).

Table 3. Annual consumption of wood fuel in the heating targets.

Target type Number Forestry chips Sawmill waste Total
m^looseya m3(loose)/a m3(loose)/a

District heating plant 7 37400 4400 41800
Single-building heating plant 28 10200 2100 12300
Total 3 5 " 47600 6500 54100

" There were a total of 36 operational targets, one of which was peat-fired (sod peat).

Case studies in Finland
Even though heating enterprises are still a new form of activity in Finland, some rese-
arch data are already available. The Work Efficiency Institute has examined chip hea-
ting managed by heating entrepreneurs in connection with a project conducted under
the auspices of the national Bioenergy research programme. The objective was to deve-
lop heating enterprises and to determine possibilities for reducing the associated costs.

Heating entrepreneurs were asked to record the time given daily to the various work
stages, the amounts of fuel, and the amounts of heat generated by the district heating
station. The data were also acquired by familiarization with the heating sites and by
interviewing heating entrepreneurs and municipality representatives. The study resul-
ted in a booklet to assist people who are considering becoming heating entrepreneur.

A follow-up study examined five chip-fired buildings with 50—400 kW solid-fuel-
fired boilers. The volume of the properties heated varied between 1 800 and 13 200 m3;
they consisted of schools and homes for the elderly. Previously these buildings had
been heated using light fuel oil. The initiative for launching heating enterprises came
from the heating entrepreneurs in four cases and from the purchaser of the heating ser-
vice in one case. In two of the heating sites there were three heating entrepreneurs but
only one in the other sites. One of the entrepreneurs had a forestry background while
the others were farmers. The entrepreneurs lived at distances of two to twelve kilome-
tres from the heating sites.

In three cases the municipality made the investment in the heating plant and the hea-
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ting entrepreneur in two cases. Those heating entrepreneurs that had invested in the
heating equipment were paid an extra sum by the municipalities in proportion to the
cost of the basic investment The energy supply contracts between the heating entre-
preneurs and municipalities were for periods of two to ten years. The compensation
paid for the heat energy without the investment cost varied between FIM 92 and FIM
204 per MWh in the follow-up cases. Differences in the calculation criteria etc. of the
energy supply contracts resulted in wide variation in the price of heat energy.

The consumption of chips delivered varied between 1.48 and 1.81 loose cubic
metres per MWh (Table 4). The moisture of the chips varied between 20 and 40%,
depending on the site. The aim was to use dry (over a year old) chips or dried chips in
the winter. In other seasons of the year, particularly in the summer, moister fuel was
often used. Problems caused by excessive chip moisture were not encountered at the
follow-up. Chips reduced from delimbed wood were generally used at small heating
sites because their chip silos and discharging devices did not operate reliably with
whole-tree chips. At larger heating sites attempts were made to use chips made of either
partly delimbed or whole trees.

Table 4. Consumption of chips and amount of generated heat supplied by heating
entrepreneurs in the follow-up study.

Site
Plant size, kW
Length of follow-up period, months
Chip consumption, m3 (loose)
Heat generated, MWh
Chip consumption, m3 (loose)/MWh generated
" Not full heating season

Light fuel oil was used during short breaks caused by maintenance of the heating
equipment. The share of light fuel oil in the generation of heat energy varied between
0% and 3% at four of the sites. Light fuel oil was used as a secondary fuel during con-
sumption peaks at one site. The share of light fuel oil at this site was about a third of the
generated heat.

Use of work time
The work performed by heating entrepreneurs during the follow-up period varied bet-
ween 14 and 220 hours in heating work and between 65 and 830 hours with respect to
the entire work chain. The follow-up period was shorter on two sites because heating of
the sites with indigenous fuels was begun after the start of the heating season.

The productivity of harvesting (felling and forest haulage) varied between 0.4 and
0.8 m3/ha. The productivity of chipping was between 3.8 and 7.5 loose cubic metres
per hour when heating entrepreneurs chipped into trailers at the intermediate storage
point. Felling was mainly by chainsaw. Forest haulage employed an agriculture tractor
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0.23 «
1.12
1.99

0.40
1.08
2.64

0.43
0.87
1.45

-
0.47
1.18

-
0.54"
1.10

equipped with a hydraulic crane and a forestry trailer.
Table 5 shows the work input in supplying fuel to and heating of district heating

plants per unit of heat generated. In the case of the site where no outside labour force
was used, the total work input was 2.6 h/MWh. On the other sites, the heating entre-
preneurs also used the services of outsiders in the procurement of fuelwood.

Table 5. Total work input by heating entrepreneurs in the procurement of chips and
heating work per unit of heat generated (hJMWh), follow-up cases.

Site
Work stage 1 2 3 4 5
Work hours per unit of heat generated, h/MWh
Harvesting of fuelwood 0.64" 1.16 0.152* 0.713) 0.56"
Chipping and transportation
of chips to intermediate storage
Chip transport to plant, and heating
Total

" 34% of fuelwood consisting of sawing waste.
2> Forest haulage only. Felling work done by outside labour.
3> 40% of forest haulage done by forest machine contractor. 13% of fuel sawdust and

5% sawing waste.
41 Forest haulage done by forest machine contractor. 40% of felling work done by out-

side labour.
5) 46% of chips produced by chipping contractor.
6> Fuelwood transported to heating plant by chipping contractor.
Transportation of chips to heating plant and heating consumed 0.47—1.12 h/MWh, of
which 0.14 — 0.51 h/MWh consisted of heating. Supervision of heating was the major
component on all sites. The number of visits to the plant required per heating day
varied between 0.43 and 1.12. In the winter, visits had to be made almost daily to dis-
trict heating plant but in other seasons of the year less often. The fewest visits were
required by sites with automatic alarm systems. The formation of cavities within the
chips in storage silos caused alarms and increased the number of visits, especially in
the case of site #5.

Fuelwood was transported to district heating plants by agricultural tractor and trai-
ler. The transport distances varied between 2 and 11 kms. The chip loads varied bet-
ween 2.5 and 10 loose cubic metres in size. The volume of the fuel silos had a conside-
rable effect on the work hours required for chip transportation. In the case of site #3,
the chips were often brought to the heating plant in small lots because the volume of
the chip silo at the plant was only 3 m3. This increased the amount of work required
even though the distance was only 2 km.
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Profitability of operation from the entrepreneur's point of view
The remuneration for supplying heating energy (excl. investment-compensating)
varied between FIM 92 and FIM 204 per MWh on the follow-up sites. Differences in
the calculation premises and other such differences in energy supply contracts resulted
in wide variation in the price of heat energy. The price per energy unit was determined
on three sites using a calculation formula based merely on the price of light fuel oil. On
two of the sites, payments were based on the price of heat energy sold by the municipal
district heating plant The price of heat energy at these sites was more advantageous to
the heating entrepreneurs than at the other sites. The subsidy paid from forest improve-
ment funds increased the profitability of operation at four sites, where the share of the
forest improvement subsidy in the heating entrepreneurs' incomes was between 8%
and 16%.

The margin for the work done by the heating entrepreneurs at four of the sites was
between FIM 40 and FIM 77 per hour when the interest on the investments in harves-
ting equipment, insurance costs, and storage costs were excluded (Table 6). The margin
varied between FIM 36 and FIM 71 per hour when these were included. The margin
has to cover the entrepreneur's earnings with the associated social security costs and
the entrepreneur's risk. At these sites, the entrepreneurs had previous experience of
using chips as fuel on their own farms.

Table 6. Computation of margins for heating entrepreneur ship. Margin A ignores inte-
rest on capital invested in equipment and insurance and storage costs. Margin B inclu-
des them. VAT is not included. Margins include work earnings and entrepreneur's risk.

Site
Plant size, kW
Incomes, FIM
Expenses, FIM
Margin A, FIM
Margin A, FIM/h
Margin B, FIM/h

1) Not a full heating period.

One entrepreneur's operation was unprofitable. The payments to this entrepreneur for
energy produced were distinctly smaller than those paid to others. Also, the entrepre-
neur had no previous experience of chip-fired heating. The site of his operation was
also characterised by technical disturbances, which increased costs and contributed to
the unprofitable operation.

The productivity of operation of the different stages, the cost of equipment, the use
of external services, and the material costs of fuel all influenced the economic out-
come. When assessing profitability, it is also necessary to take into account the fact that
harvesting work in entrepreneurs' own woodlots is tax-free up to 125 m3 solid per year.
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The wood obtained from entrepreneurs' own woodlots therefore gives a competitive
advantage over other fuels. Also, the taxation of incomes from heating enter-
prises is supportive. Fuel wood harvested from entrepreneurs' own woodlots ignored
stumpage price as the benefit was considered to have been obtained via the enhanced
silvicultural state of the woodlots in question.

For the entrepreneurs involved in this study, the heating season under examination
was either their first or second, and problems were still being experienced with the hea-
ting plants. As the entrepreneurs' experience and skills improve, their operations
should become more efficient, and their profitability should therefore improve.

Some of the factors affecting the profitability of heating entrepreneurship are sum-
marized as follows:

— ability to negotiate a good heating energy supply contract
— ability to avoid investments
— possibility to purchase services from outsiders
— ability to use equipment at minimum hourly costs with respect to productivity
— ability to use seasoned material instead of having to dry chips
— ability to minimise the number of supervision visits to the heating plants

through meticulous care of plant equipment and through an automatic alarm
system at the plant.

Discussion
Some the advantages of heating enterprises from the point of view of municipalities
are: increased use of local labour, supply of local raw materials, reliability of heat
supply, and savings in costs. Furthermore, the money previously spent on purchasing
oil now circulates locally promoting local livelihoods, and also increases the amount of
locally taxable incomes.

Finland has a significant fuelwood reserve in the small-diameter trees and felling
residues that do not fulfil the quality requirements imposed on industrial wood. A farm
woodlot often contains more fuelwood than can be consumed on the farm. This surplus
wood can be used as raw material by heating enterprises. Considering the under-utili-
sation of forests in Finland, harvesting this material does not pose a problem for the
supply of the raw material to industry. The use of small-diameter trees for energy gene-
ration promotes forestry and enhances opportunities for practising multi-purpose fore-
stry.

The mechanisation of timber harvesting enables an increase in first-thinnings work
by forest owners. The recovery of wood material of below pulpwood diameter for
energy generation improves the profitability of this work. Society encourages the silvi-
cultural management of young stands in Finland by, for instance, subsidising rehabili-
tation felling and tending, and also by paying a subsidy when energy wood fulfilling
certain requirements is collected from young stands.

Farms have equipment which is often under-utilised. This applies especially to
equipment used in timber harvesting and making fuelwood. Generally speaking, Fin-
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nish farms are technically well-equipped for engaging in wood fuel harvesting. The
equipment used in the production of fuelwood for household consumption is usually a
suitable basis for heating entrepreneurship, and little other special equipment is requi-
red.

Modem heating devices are already so advanced that wood-based heating no longer
requires 24-hours-a-day supervision, as may have been the case earlier. Also, modern
heating devices do not essentially differ from those used on farms. Thus, supervising
such equipment is not an obstacle if the entrepreneur is accustomed to wood heating.

Buildings owned by municipalities and especially those owned by other public
organisations and lying outside larger district heating networks represent a major
potential for heating entrepreneurs. Some of these sites are oil-fired schools, day-care
centres, old people's homes, and residential buildings owned by municipalities. Sites
within district heating networks have yielded good experiences as regards the co-ope-
rative operation model. Another future category of clientele is that of private housing
corporations.

Further studies
Heating enterprises in Finland are a new form of activity which still needs further deve-
lopment. The Work Efficiency Institute will continue with the development of heating
entrepreneurship by concentrating on studies to improve the profitability of operation.
Profitability is definitely a precondition for the stability of operation from the view-
points of both the entrepreneurs and customers. In the assessment of profitability, con-
sideration will be afforded to both the business effects and the indirect effects on soci-
ety, as well as effects from the tending of forests. The functioning of the production
chains and of the heating plants in connection with heating entrepreneurship also
require further development.

In addition to the development of operations models for heating-energy entrepre-
neurship, the marketing of a model for potential entrepreneurs and municipalities plays
a central role in the on-going work. This activity has been provided with a good base in
the form of an associated guidebook (printed in early 1996), which has accelerated the
applying into practice of the research results obtained in the national Bioenergy rese-
arch programme.
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