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Veli Matti Pohjonen 

TOWARDS RENEWABLE ENERGY IN NORTHERN FINLAND 

An excess of solar energy exists throughout the world. The developing countries have 

the greatest potential, but the industrialized world itself is not lacking in opportunities 

either. Even the most populated countries with a high standard of living, such as the 

Netherlands or the U.K., consume energy which is equivalent to no more than 1-2 % of 

that received from the sun. Activiti,es aimed at utilising solar radiation could scarcely 

be restricted by a shortage of this energy, it would seem. This is also the case in 

northern countries like Finland, even at latitudes beyond the Arctic Circle. 

Flows of solar energy 

Water power, wind and biomass, our most abundant energy sources, all have their origin 

in the sun. Also, they are all based on flow processes, a flow of water, of air, or of 

photons in the case of photosynthesis and biomass. 

The water cycle concentrates solar energy in the rivers. Of all the possible renewable 

energy flows, a large, high waterfall contains the greatest energy flux density. Niagara 

Falls, for example, is estimated to produce a potential energy flux of 4400 megawatts, 

and its energy flux density per square metre can reach as much as one megawatt (Table 

1). 

A certain concentration of energy also takes place in wind processes. The average 

velocity of the near-surface wind on the globe is 5.85 metres per second (Lauscher 

1951). This exerts an energy· of 130 watts on a vertical area of one square metre. Under 

favourable conditions on coastal sites, a steady wind blows at a velocity of 25 metres 

per second, with a corresponding effect of 1000 watts per square metre. 

But if all the wind energy were extracted, the winds would cease blowing. This strange 

fantasy restricts the potential of the average wind effect. The energy extracted in one 

square metre will not appear in another square metre to be extracted again (Gustavson 

1979). In common with the water cycle, wind collects and concentrates solar energy, 

although its energy flux density is far below that of a river. 

The effect of solar radiation on a horizontal soil surface has an annual world average of 

about 200 watts per square metre, the corresponding figure for Finland being about 100 

watts. Even in the sunniest region of the world, the Red Sea area, the annual average of 

the solar flux density is not higher than 280 watts per square metre. Unlike water power 

and wind, natural solar radiation has no mechanism of concentration. 
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Table 1. Combarison of certain renewable energy sources 

Potential total Energy flux dens-
effect on globe ity in favourable2 1012 w conditions kW/m 

Solar radiation 90 0001) 1.22) 

Wind power 1 3003 ) 104) 

Water power 2.93) 10005 ) 

1) Total energy effect coming from the sun to the outer atmosphere of the globe 180 
petawatts, half of which reaches sea level (Slesser & Lewis. 1979). 

2) Solar constant at the outer atmosphere 1.36 kW/m2• On a z:loudless day with the sun 
at the zenith the energy flux density may reach to 1.20 kW/m • 

3) Lauscher 1951, Gustavson 1979. 

4) Kinetic energy W=0.5 mv2. At a high ~indspeed of 25 m/s, 25 m
3 

of air passes 
thrmljlh a vertical wind facing area of lm in one second. The density of2 air is 1.3 
kg/m , t1znce the effect (P=W/t) is equal to 0.5 x (1.3 x 25) x (25) x 2 W/m , or about 
10 kW/m • 

5) Assume a waterfall with a he~ht of 50 metres (like Niagara) and a flow rfte of 2 m/s 
at the neck. In one second 2 m of water passes through an area of 1 m facing the 
water flow, and starts falling. This amount of water, at the he~ht of 50 metres, 
contains a potential energy (mgh) equiva~nt to 2 000 kg x 9.81

2
m/s x 50 m = 981 kJ. 

Thus the energy flux density is 981 kW/m , or about 1 000 kW/m • 

It is interesting that the average effect of the wind (130 watts) almost equals the 

energy flux density of solar radiation itself, even though the solar flux as a whole is 50 

times greater than that of the wind (Gustavson 1979). The same wind blows from one 

district to another, whereas solar rays are scattered evenly upon districts. 

A crucial but largely ignored constraint in solar radiation is its diffuseness. Even in the 

Red Sea area, almost 1600 hectares of land would be needed to match the energy effect 

of Niagara (4400 MW). In order to obtain that energy effect in terms of electricity, the 

present low-efficiency artificial quanta collectors (solar cells) should in fact cover an 

area at least three times greater. 

The high flux density greatly explains why renewable energy today is prefesentially 

extracted from flowing water rather than from more abundant sources such as the wind 

and especially the sun. A dense energy flux renders energy production economically 

feasible, and unless we can break this relationship, solar-driver energy will continue to 

remain expensive. 

.., 
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Another limitation upon the utilization of direct solar energy is its temporal variat ion -

where to get power from when the sun is not shining. Intermittent and diurnal variations 

can be levelled out using numerous energy storing systems, although there is a cost gap 

to be spanned (Metz and Hammond 1978). The seasonal variation is a more difficult 

problem. This is most significant at high latitudes in the temperate zones. 

Finland, for example, spends 60 % of her total energy consumption on space heating, 

but the use of direct solar radiation for this purpose is difficult because only one 

quarter of the total annual radiation is received during the winter. When the two major 

limitations upon the utilization of direct solar radiation are recognized, the following 

conclusions emerge: (i) the system should be one that is easily spread over wide areas, 

~ and (ii) the system should be able to store the energy. 
_} 

Green plants capture and store solar energy 

When the solar rays hit the leaves of a green plant they initiate the most important 

photochemical process in nature, photosynthesis or assimilation. The electromagnetic 

solar energy is first transformed into small electric charges in the leaves, and these in 

turn split water molecules into hydrogen and oxygen, releasing oxygen into the 

atmosphere. The energy-rich hydrogen gives the plant the strength to build up its stem, 

leaves and roots from inorganic compounds. 

As a final result of photosynthesis and growth, the plant stores solar energy as chemical 

bond energy in its tissues. It should be noted that nature (the plant) utilizes the 

advantages of both electricity and hydrogen in its energy economy, but only instan

taneously. It is the chemical bond which has been evolved for storing it over longer 

periods. 

Unlike artificial solar energy collectors, such as mirror systems or photovoltaic devices, 

the natural solar cell of a green plant is easy to build: once sown or planted the plants 

build themselves up in a self-regulatory manner. They also maintain themselves in the 

same manner, e.g. by growing new foliage where necessary. The use of green plants 

provides a way of covering soil surface areas wide enough to collect significant energy 

yields from the diffuse solar radiation, the plants simultaneously fulfilling the demand 

for solar energy storage. 

Energy farming 

Energy farming is a multidisciplinary field concerned with the raising of cultivated 

plants in which solar radiation is collected and converted into biomass. The aim is to 
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obtain high biomass yields by selecting, breeding and raising fast-growing crops. In 

order to avoid competition with food production, the land to be used for energy farming 

should be sought in areas other than the food crop zones. In Finland, for instance, 

peatlands, which for the most part are unsuitable for cereal crop production, have been 

considered for energy plantations. In general, and especially in the case of the boreal 

environment, the energy crop ideotype should possess the following properties: 

1) Easy to establish and regenerate. Site preparation and stand establishment are 

usually the most expensive operations in crop production. The costs will even be 

greater at the high densities anticipated for intensive culture. Reliance on 

vegetative modes of reproduction (cuttings, sets, coppicing after harvest) will 

ease establishment problems and allow retention of favourable genetic material. 

2) An efficient photosynthetic apparatus. Adaptation of the photosynthetic appar

atus to low temperatures is an asset at northern latitudes. 

3) An upright, excurrent habit. The important criterion here is concentration of 

growth in a single stem. A trait which exerts a high degree of apical control, 

leading to a pronounced excurrent form, is to be preferred. 

4) A narrow, compact crown. There is evidence to suggest that such a crown shape 

captures solar radiation efficiently (Jahnke and Lawrence 1965). A narrow crown 

also allows the plants to be grown at dense intervals without physical inter

ference. One theoretical advantage of a narrow-shaped crown is also the short 

disfance for carbohydrate transport from the leaves to the stems and roots. 

5) A favourable relationship between photosynthesis and growth. Carbon fixed in the 

leaves (source) should be efficiently transferred to the structural biomass (sink). ·), 

Source - sink phenomena are essentially of a dynamic nature (Sievanen 1983), and 

therefore attention in plant breeding should be paid to the timing of leaf area 

development, root development and biomass accumulation in the stem. There are 

no universal solutions to this problem because of the great variation in seasonal 

climatic characteristics from one case to another. 

6) Flowering should be prevented, because in most plant species flowering and 

biomass production compete with each other for energy. 

7) Wintering should be reliable. Most of the stem should overwinter. In a very severe 

climate the minimum requirement is that the stools (roots) can overwinter under 

the snow. 

• 
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~ 8) Rapid juvenile growth. The energy crop must take over the site rapidly, thus 

shortening the lag period after establishment. Such a rapid rate of early growth is 

also an advantage in combating weeds. 

9) Acceptable biomass properties. Even in lawns the production ranges between 10 

and 17 tons of dry matter per hectare per year. In practice, however, this mass is 

neither harvestable nor usable, since the turnover rate is very rapid. New forms of 

technology such as anaerobic digestion, pellet production, alcoholic fermentation 

or gasification may be capable of adapting to a variety of biomass sources. 

10) Freedom from major insects and fungal pests. Genetic diversity exists in 

susceptibility to pest damage and this can be exploited to increase built-in 

J resistance to attack. Pests can also adapt to new hosts through genetic shifts, 

however and the spectre of vast, once-resistant, monoclonal plantations being 

devastated by epidemic pest outbreaks is a real source of concern. Thus, selection 

for resistance while simultaneously maintaining genetic dive·rsity in the plantation 

is the optimum goal. 

Obviously none of the present-day crops meet all these requirements. The search for 

such a crop starts with the screening of a large number of wild strains and the selection 

of individuals with suitable traits. Such a procedure is part of the approach of short 

rotation forestry. 

The rise of short rotation forestry 

About twenty years ago there were a handful of biologists and silviculturalists who were 

interested in using intensive cultural techniques to maximize forest tree yields. The 

basic idea behind their thinking was to reduce the rotation times needed in conventional 

temperate or boreal forestry, sometimes up to 100 years, to periods of the order of 20 

years or less, in the extreme case even to one year, i.e. an annual harvest. 

The first reference to the short rotation of forest trees was made by McAlpine et al 

(1966), but a proper framework for these ideas was only formulated by Schreiner in 

1970. The key to apparent silvicultural improvement was believed to lie in the 

application of advanced agricultural methods and in the concept of biomass, i.e. in 

utilizing the harvest in the form of whole trees instead of stems alone. 

Short rotation forestry can today be defined as comprising hardwood plantations 

established at spacings closer than 2 x 2 metres, managed using intensive cultivation 
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techniques to maximize total biomass production, and harvested and regenerated at 

least once every ten years. 

Originally the aim of short rotation forestry was to produce raw materials for the pulp 

industry, but very soon the possibilities for bioenergy production were realized. This 

happened especially in the Scandinavian countries, and also in Canada, Ireland and the 

USA. 

Four of the more promising genera for short rotation forestry in the temperate zone, 

genera which meet most of the requirements listed above, are Alnus, Platanus, Populus 

and Salix (Fege 1981). One of these, Plantanus, is native to North America only, but the 

other three are also indigenous to Europe. The most promising species for short rotation 

forestry under Scandinavian conditions is thus apparently to be found among these \........ 

three. In Finland, where peatlands dominate over large areas, one further genus, Betula, 

may be added. 

Willows (Salix) were for a long time neglected in Finnish silviculture. But an interest in 

them arose suddenly. In 1971 on the initiative of Professor Yli-Vakkuri at the 

Department of Silviculture, University of Helsinki, when three of his students prepared 

a literature review which could be regarded as the basic study for the subsequent short 

rotation trials with willows (Malmivaara et al 1971). • 

Biomass production with willows 

There are about 300 willow species in the world (Chmelar and Meusel 1979), most of 

which cross freely in nature, so that the number of hydrids is overwhelming. At present 

they are wild plants, and as such are suitable as a starting point for energy crop 

breeding. 

The great silvicultural advantage with most species of willows is that they can be 

propagated clonally. The crop is established using cuttings, and after the first harvest 

the willows will coppice 5-20 shoots per stool, depending on genetic differences 

between the clones. Stand density, which is largely determined by coppicing ability, has 

a clear effect on the yield. The main rule is that the larger the number of vigorous 

shoots, the greater the yield will be. As a practical compromise, one tends to aim for 

10-30 shoots per square metre, a density at which full coverage is established within 30 

days in the spring. 

Row cultivation can be arranged in such a way that ordinary tractors can operate in the 

plantation later one without damaging the stools. This means selection of a row width 
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of 70-80 cm (Sall&: Nilsson 1984). Wood ash plays an important role in the recirculation 

of nutrients. In actual fact, if the energy crop is burned in a heating plant, most of the 

nutrients can be returned to the plantation in the ash. Nitrogen escapes in to the 

atmosphere, and minor potassium losses have also to be compensated for. 

To illustrate the recirculation of nutrients in ash and nitrogen, the following simple 

example can be studied. Assume that a willow crop (Salix cv. Aquatica Gigantea) yields 

12 tons of dry matter per hectare annually, or 197 GJ/ha/a in energy terms. The leaves, 

which contain a considerable amount of mineral nutrients fall to the ground annually as 

litter. The stems of the "Aquatica Gigantea" willow have an ash content of 2.5 % and a 

nitrogen content of 0.75%. Thus the annual removal is 300 kg/ha for ash and 90 kg/ha 

~ for nitrogen. These amounts at least should be returned to the willow plantation 

./ annually in order to maintain the nutrient balance. 

The ash loss can be remedied simply by transporting the corresponding amount of wood 

ash from the heating plant, but the loss of nitrogen is a more difficult matter. Nitrogen 

fertilizer can be fixed from atmospheric reserves, however, using a certain amount of 

energy. It has been estimated that the whole nitrogen chain from the atmosphere 

through the factory to the field requires an energy input of 77 MJ per kilogramme of 

nitrogen as fertilizer. Nitrogen application at a dosage of 90 kg/ha/a will thus require 

an energy input of 6.9 GJ/ha/a. In principle at least, this amount of energy should be 

reserved from the energy crop and released to the nitrogen fertilizer factory in order to 

maintain the cycle of nitrogen between the atmosphere and the energy plantation. This 

figure represents only 3.5 % of the annual energy yield from the willow crop of 197 GJ. 

Annual nitrogen fertilization at a level of 90 kg/ha may seem somewhat high, and if a 

fertile field can be found that contains natural nitrogen reserves, the dose can be 

reduced to one half. 

In some peatlands in the boreal zone the well humified bottom peat often contains more 

than 2 o/o nitrogen (of dry matter), and such bottom layers are nowadays becoming 

available from the peat fuel industry, as cut-away peat bogs. A cultivation layer 30-50 

cm thick in such a peat bog would contain nitrogen reserves for 100 years' biomass 

production if reliable means of mobilizing this organic nitrogen could be found. 

Ash fertilization also plays a critical role in nitrogen mobilization. It has been found in 

Finnish peatland fertilization experiments that the activity of bacteria, especially 

ammonifying bacteria, increases dramatically after ash fertilization. As a result, 

nitrogen mobilization is speeded up and the level of nitrogen fertilization can be 

reduced. Some mineral nitrogen is nevertheless needed as a booster for the early spring 
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and summer growth, when the temperature is too low to maintain a high level of 

bacterial activity. 

Early research into biomass willows in Northern Finland 

The first field experiments with biomass willows were established in 1973 at Apukka, 

the Arctic Circle Agricultural Experimental Station near Rovaniemi. Although based on 

small-sized experimental plots, promising results were obtained at once. A Danish 

willow clone, Salix cv. "Aguatica Gigantea", produced a stem biomass yield of about 10 

tonnes per ha of dry matter in its first summer (Pohjonen 1974). Larger-sized plots were 

established during the next summer (1975), and annual yields were maintained at their 

high level. The aim in these first experiments was to monitor the biomass production ~ 
'---

potential of some promising species using one year rotation only. The crop was 

established from the cuttings in the spring, and the biomass production - with and 

without leaves - was recorded in the autumn. The production level of willow compared 

well with other high-yielding agricultural crops at the Arctic Circle Experimental 

Station, e.g. Italian ryegrass (Lolium multiflorum) (Pohjonen 1975). 

No definite explanation has yet been given for why this willow species should have 

grown so fast even beyond the Arctic Circle. There may be special properties involved 

in many processes such as gross photosynthesis, respiration, root metabolism, the 

seasonal cycle, the development of the canopy architecture, or hormonal response to 

the long summer days, but it is more likely that the rapid growth results from a 

favourable combination of all these factors, a combination which makes willows adapt 

particularly well to a northern environment. 

Modern botany offers promising tools for improving willow growth still further. ) ~ 

Ecophysiological modelling of willow stands has been started (Sieviinen 1993), although 

the models obtained cannot yet describe growth well enough to offer operational 

programmes for willow husbandry or breeding. Hence, improvement of growth has had 

to continue by means of conventional field experiments - a much more laborious and 

restricted method. 

The next willow experiments were established by the Research Institute of Northern 

Finland, University of Oulu, in 1976. Based on earlier experience at Apukka, the aim 

was to find more high-yielding willow species and clones besides "Aquatica Gigantea". 

The surroundings of Oulu were especially interesting, since it was known that an 

attempt was made early this century to start practical basket willow husbandry there 

(Nordberg 1929). 
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Indeed, many interesting species and clones were discovered in the vicinity of Oulu, 

such as "Salix dasyclados" (Pohjonen 1977), although it could not be confirmed that 

these had been among the species introduced by Nordberg half a century earlier. 

Expeditions were also arranged to Nordberg's ancient field experiment sites in Tyrnava, 

Lumijoki and Rovaniemi, but no traces of his high-yielding species could be found any 

longer. 

The willow research undertaken by the Research Institute of Northern Finland was from 

the very beginning tied in with peat fuel research. From the early days of fuel peat 

industry in Northern Finland it was understood that peat was a nonrenewable energy 

source and would be replaced by renewable sources some time in the future. The fuel 

I' peat industry will also release possible land areas for biomass production, i.e. cut-away 

-"" peat bogs, the first of which will start to become available 15-20 years after the 

inception of peat fuel production. 

Possible experimental sites representing cut-away peat bogs started to be examined in 

1977. One suitable site was found around 50 kilometres south of Oulu, at Hirvineva, 

Liminka, which was visited by the research team early in spring 1977. Since peat 

production had had an earlier history at Hirvineva, dating back to the energy shortage 

after the Second World War, and because the peat deposits there were relatively thin 

due to the short geological history of bog, the site was found suitable for practical 

experiments in willow biomass production. 

These plans did not materialize until 1981, however, when the present large - scale 

research started. Meanwhile, related willow research had started on two other nearby 

peat bogs, Piipsanneva in Haapavesi (in 1979) and Paloneva in Ruukki (in 1980), initiated 

by the Finnish Forest Research Institute and Kemira Ltd. 

Conclusions 

There is a common objective that man should become less dependent on non-renewable 

energy sources. There are plenty of alternatives, and the proper selection of the most 

promising strategies could be helpful in concentrating future research and development 

efforts. Althou9h our knowledge of the possibilities offered by solar ener~y is still 

insufficient, it is becoming possible to separate out the "promising" from the "less 

promising" strategies. In the light of our experiences gained from 10 years of biomass 

production experiments in Northern Finland, this approach belongs among the promising 

ones. 
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This conclusion is still based on relatively small-scale experiments rather than 

verifications through practice. As the framework of the approach . and its biological 

foundations are now becoming clearer and being properly understood, it is possible to go 

on to plan practical applications. Fortunately too, the present energy market situation 

allows us ample time to undertake sufficiently thorough research. 

T.he production and utilization of biomass energy involves a series of well-established 

techniques. The principles behing the various phrases are already known, but it will take 

time to combine them in detail. The possible combinations are many, depending on the 

climate and the social structure, and on the level of technology and plant husbandry. 

The optimization of biomass energy chains will be an endless task for systems analysis. 

In practice, biomass production, transport and industrial conversion processes will ~ 
'-require more cooperation between different groups of people than is the case with 

conventional energy sources. 

There will be no uniform type of energy plantation on a global scale. Local case studies, 

like the ones in Northern Finland, are needed, and certain general strategies may be 

derived separately for the wet tropics, drier tropics and regions with a seasonal 

climate. 

Combining energy farming with food production may cause difficulties in the allocation 

of available land. But there is some hope left. According to a recent estimate there is 

still an area of about 1800 million hectares left on the globe which could be cleared for 

cultivation purposes, a considerable proportion of which lies in the northern boreal 

zone. If the energy yield level of the biomass willows in Northern Finland, 150 - 200 

GJ/ha/a, in this area, it would add up to around 300 exajoules, a figure of the same 

magnitude as the present global energy demand. 
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