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Preface

This is the first comprehensive volume containing documentation on model-
ling of production, water relations and the economics of intensively cultivated
short rotation energy forests. It contains thirteen separate chapters and an
appendix, some of which also include listings of the computer programs. The
purpose of this volume is to present comprehensive theoretical models, as well
as to create a tool for the readers to apply their knowledge on short rotation
energy forestry. The contributors of each chapter are individually identified,
although the modelling approach as a whole is the result of a continuous
exchange of information and opinions between the authors, editors and
referees, who are responsible for the peer review of all the contributions to
this book.

The separate chapters are sorted into four parts, to enable the reader to
obtain a better overview of the content of the whole volume. The first part,
Introduction, gives the background to energy forestry in general, and a discus-
sion on the simulation models in particular. The second and third parts start
with syntheses concerning modelling of growth and water relations, respec-
tively. The second part, Growth processes in willow stands, continues with
chapters on biomass growth processes, assimilate allocation and nitrogen tur-
nover. The model presented in this part is a description of willow growth
simulation with annual results from a three year cutting cycle. In the third part,
Water relations in willow stands, three different models are presented on water
relations in willow, which is one of the main species for Swedish energy forestry.
The fourth part, Energy forestry: its economics and prospects, comprises an
economic calculation for energy forestry on agricultural land in Sweden as well
as the prospects for wood biomass as a regenerable, alternative energy resource.
The appendix contains a description of the simulation packages, and a sample
model for demonstration is given to facilitate the understanding of the model-
ling efforts.

The models presented in the different chapters contain the source codes,
written in such a way that readers with knowledge of programming can easily
use them in their own computers. The reason for this is the belief that these

models can be applied to other species and environments after the necessary
modification of certain variables and parameters. ‘

Kurth L. Perttu
Piotr J. Kowalik
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INTRODUCTION



1 Climatic, edaphic and management requirements for energy
forestry

Stig Ledin and Kurth L. Perttu

1.1 Background

Research on energy forestry started in Sweden in the mid-1970s, after the first
‘o1l crisis’ (Sirén et al., 1984), when the need to decrease the country’s dependece
on imported fossil fuel, became apparent. Soon after, serious discussions also
started about closing down Swedish nuclear power plants. The second ‘oil crisis’
in 1979 strengthened the conviction that oil consumption should be cut, espe-
cially for heating. Later, another factor entered the discussion, namely the
possibility of using energy forest as an alternative land use to reduce the surplus
of agricultural crops. There are similar possibilities in most western European
countries and in North America. According to Gilliusson (1985), the biomass
part of total energy consumption is 1% in developed countries, 39% in devel-
oping countries and 129% for the whole world. Hall & De Groot (1987) give
corresponding figures of 1%, 43%, and 149%, respectively. These figures can
easily be increased in many countries by improving the biomass production; for
example, by using nitrogen-fixing species.

At least 400 000 hectares of agricultural land are available for fast-growing,
broadleaf forests in Sweden. In addition, abandoned agricultural land, amount-
ing to some 100 000 hectares, and suitable peatland, amounting to 700 000
hectares, can be considered. The exploitation of peatland will become econom-
ically attractive when cultivation methods and plant material have been further
improved.

To boost production, which is the ultimate goal of energy forestry, basic
research 1s being done in the fields of biogeophysics, ecology, genetics, soil
science, and management measures. A series of different climatic, hydrological,
ecological, and edaphic factors and processes influences plant growth and stand
production (Figure 1). |

The cultivation of an energy forest starts with the selection of site and plant
material, followed by establishment, step by step (Table 1). The measures can
differ with the purpose, the species, and the country concerned, but the exam-
ples given in the table stress the most important general factors. The established
crop goes into the production phase with intensive management, which initially
comprises careful weed control followed by fertilization programmes. If neces-
sary, irrigation is applied when conditions allow.

The fast-growing short-rotation species can be coppiced at intervals of 3-5
years (excluding the period of establishment). Harvests can be repeated until
the stumps have lost their vitality, probably after 20-40 years, depending on
species. Between coppicing, the most important management factor is applica-
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Physiological properties
Air gases - photosypthetic capacity Thermal
CO2 - polymeric capacity energy
02 - nutrient uptake
pollutes - translokation and allo-
cation of assimilates Precipi-
| LiEht | - ecological response tation
Genetical factors Plant development
- life cycle - rooting capacity
- reprod. mode - phase, age
- grovth pattern }—— Plant growth }————{ - grovth rate
- hardiness - spacing
- resistances - §tool structure
- stability
- shoot homogeneity
- leaf area i{ndex
- cutting cycle
- rotation period
Soil chemistry Soil biology Soil physics Soil water
- N, P, K, Ca, S, Mg - litter - structure - field capacity
- Fe + other micro - CO0,-prod. - pore volume - water balance
- CEC ~ decomposition - gas exchange { | - irrigation need
- pH, etc. - N-fixation, - temperature - drainage
- heavy metals immobilisation
- organic matter - soil fungi,
mycorrhiza
- soil fauna
- competition

Figure 1. Ecological variables, factors and processes affecting plant growth. (After
Sirén, 1983).,

tion of fertilizers (and water). The natural ability of soils to supply the crop with
nutrients and water varies considerably. In Sweden, the humid climate renders
irrigation unnecessary in many places, but there are no soils on which fertili-
zation could be completely excluded if the aim is a high yield of biomass.
Whenever possible, energy forests should be planted on soils with good water
supply. Otherwise, the influence of water shortage can lower production con-
siderably (by 50% or more).

The production of energy forests strongly depends on the climate of the area
concerned. At higher latitudes, the air temperature is generally the main lim-
iting factor. In other parts of the world, precipitation is the key climatic factor.
When constructing growth models such facts must be borne in mind. Similar
considerations apply to the edaphic factors. In the following pages, the main
climatic, edaphic and management requirements for energy forestry in Sweden
are discussed in greater detail.

1.2 Climatic premises for energy forestry in Sweden

Sweden is located in the northern taiga area between latitudes 55°30’ N and
69° N. The air temperature, consistent with a climate that is partly semi-
maritime and partly semi-continental (Angstrém, 1974), is the most limiting
climatic factor for forest production (Perttu, 1980). The temperature sum,
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