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Import demand forwoodpellets by the EuropeanUnion (EU)was investigated using a source-differentiated non-
linear Almost Ideal Demand System (AIDS) model with monthly data from 2009 to 2015. Our research provides
the first complete set of expenditure, price and cross-price elasticities for this rapidly expanding forest product
market. Expenditure elasticities reveal that wood pellets from the United States have the most to gain from an
expansion in EU expenditures, followed by Canada, while Russia has the least to gain. We attribute this result
to differences in the quality, reliability and sustainability ofwood pellet supply between the countries. The degree
of substitution among the major suppliers was also assessed through cross-price elasticities.
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1. Introduction

The development of a global wood pellet market can be traced back
to Northern Europe during the early 1990s with the introduction of
biofuels in district heating (Ericsson and Nilsson, 2004). Sweden intro-
duced a tax on carbon dioxide, but emissions from renewable sources
such as wood are exempt. This policy resulted in a rapid expansion of
demand for wood pellets as a fuel. As these markets developed in
Sweden, many other countries recognized that wood pellets provided
a viable alternative to fossil fuels, which could help reach future policy
goals. The use of bioenergy for electricity production and residential
and district heating has been growing rapidly in Europe at an annual
rate of 25% because of aggressive policies in the European Union (EU)
(Magelli et al., 2009). The EU requires member states to implement
National Biomass Action Plans that set out measures to promote
biomass use for heating, electricity and transport, as well as to provide
investments in cross-cuttingmeasures affecting biomass supply,financ-
ing and research. The national plans have resulted in a great deal of
activity using biomass to co-fire coal power generation plants. However,
many countries do not have sufficient domestic feedstock to meet re-
newable energy production targets and the European Commission
(2013) estimates that 200–260 million m3 of wood will need to be
imported in order to meet the EU 20-20-20 target. With such large
expected increases in demand, questions have arisen regarding the sus-
tainability of foreign supply sources and the potential impact on pellet

and other wood products prices (Lamers et al., 2015; Johnston and
van Kooten, 2016).

Despite the rapid growth of the wood pellet market and the heavy
reliance of the EU onwood pellet imports, no empirical econometric re-
search has been done on the import demand for wood pellets. Wood
pellet import demand elasticities are essential if one is to conduct policy
analysis. For instance, elasticities are required if one is to estimate the
trade volume, welfare and customs revenue changes if a trade agree-
ment or a trade barrier is introduced. Moreover, since the EU wood pel-
let market is heavily supported by various EU policies that promote
renewable energy such as biomass, understanding import expenditure
elasticities will be necessary to comprehend the implications of changes
to policies that have the effect of increasing or decreasing expenditure
on imports. Finally, uncovering the effect of prices on imports and the
composition of imports as relative prices change will help our under-
standing of longer-term market development.

The objective of this paper is to investigate the import demands for
wood pellets in the EU using a source-differentiated Almost Ideal De-
mand System (AIDS) model. The model provides estimates of EU
wood pellet import price elasticities, expenditure elasticities and substi-
tution elasticities by country of origin. The AIDSmodel has been broadly
applied, especially for agricultural products, but less so for forest prod-
ucts. For example, to our knowledge, thus far the AIDS model has been
applied to wood products in four instances. Luo et al. (2015) investigate
the impact of trade intervention in the bedroom wood-furniture mar-
ket; Niquidet and Tang (2013) study the import demand for Canadian
logs and lumber in China and Japan; Wan et al. (2010) investigate the
import demand for US wood beds; and Arabatzis and Klonaris (2009)
use the AIDS model to explore Greek wood products imports.

In the next section we provide a brief overview of recent trends in
the EU import of wood pellets. In Section 3, we introduce the AIDS
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model and explain its applicability to EUwood pellet imports. Empirical
results are then presented and discussed, followedwith our conclusions
pertaining to policy developments in the EU and futuremodelling of the
wood pellet trade.

2. Wood pellet market

Global production of pellets was approximately 21.6 million tonnes
in 2013. The top five pellet producing countries were the US
(5.0 million tonnes), Canada (2.4 million tonnes), Germany
(2.2 million tonnes), Sweden (1.4 million tonnes) and Latvia
(1.1 million tonnes), yielding over 50% of the world's wood pellets
(FAO, 2015). In 2013, the EU produced 11million tonnes and consumed
17 million tonnes. The 6 million tonnes of pellets imported by the EU
comemainly from theUnited States, Canada andRussia, andwere large-
ly used in industrial power generation.

Fig. 1 shows EU imports from 2009 to 2015 and themarket shares of
major exporting countries (right-hand axis). EU wood pellet imports
have grown dramatically over the years from 1.7 million tonnes in
2009 to 7 million tonnes in 2015, with the largest imports coming
from North America (62% of all imports in 2009 and 79% in 2015). Can-
adawas the largest exporter to the EU until 2012,when theUS took over
top spot. There has been a recent boom inwood pelletmill development
in the US, especially in the southeast where there is a vast biomass re-
source (Goetzl, 2015). In 2015, the US held 59% of the wood pellet im-
port market share while Canada represented 20%. Some of these mills
are owned and operated by European electrical utility companies, such
as Drax, in an effort to secure their supply of pellets to meet mandated
emissions targets. The top EU markets for US pellet exporters were the
UK (30% of EU imports), the Netherlands (24%), and Belgium (16%).

The second largest region for wood pellet imports by the EU was
Eastern Europe, primarily Russia. Russia's market share of the EU mar-
ket dropped from 16% in 2009 to 11% in 2015. Finally, EU wood pellet
imports from the rest of the world have remained relatively stable and
include imports from the southern hemisphere including Brazil, South
Africa, New Zealand and Australia.

3. The theoretical model (Almost Ideal Demand System)

The Almost Ideal Demand System (AIDS), originally introduced by
Deaton and Muellbauer (1980), was selected as the empirical model
for wood pellet import demand analysis of the EU because it can readily
provide price elasticity of import demand, expenditure elasticity and
cross-price elasticities. The AIDSmodel has been widely used in applied
demand analysis and one of its key applications is to model commodity
tradeflows (e.g.,Winters, 1984; Alston et al., 1990; Yang and Koo, 1994;
Chang and Nguyen, 2002; Taljaard et al., 2004; Niquidet and Tang,
2013). Its popularity is due to several advantages (Deaton and

Muellbauer, 1980; Alston and Chalfant, 1993; Eales and Unnevehr,
1994). First, the AIDS is consistent with consumer theory because it is
derived explicitly from a consumer costminimization problem. Second-
ly, its flexible functional form provides an approximation to any de-
mand system, consequently limiting specification biases. Thirdly, the
theoretical properties of homogeneity and symmetry can be tested
and imposed through linear restrictions on the parameters. Fourthly, it
overcomes the limitations of a single equation approach and examines
how consumers make decisions among bundles of goods to maximize
their use under budget constraints. Finally, it is compatible with aggre-
gation over consumers and can model consumer behaviour with both
aggregated (macroeconomic) or disaggregated (household survey)
data.

Applied to imports, the AIDS model assumes that purchasing deci-
sions are made in a two-stage budgeting procedure. In the first stage,
total expenditure by the EU energy industry is allocated over broad
groups of energy commodities. In the second stage, group expenditure
onwood pellets, which has been determined in thefirst stage, is allocat-
ed over individual supply sources, including Domestic (EU intra), US,
Canada, Russia and the rest of world (ROW). Domestic and imported
pellets are assumed to be distinct groups and separable. Wood pellets
produced and traded within the EU are mostly for residential use
whereas imported wood pellets are for industrial use, mainly for co-fir-
ing in large power plants.

The basic AIDS model is developed from a particular cost (expendi-
ture) function, representing the Price Independent Generalized Loga-
rithmic (PIGLOG) preference, which allows exact aggregation over
consumers. The cost function c (u, p) given utility u and price vector p is:

logc p;uð Þ ¼ 1−uð Þ log a pð Þð Þ þ ulog b pð Þð Þ ð1Þ

where a(p) is a translog price index given by:

loga pð Þ ¼ α0 þ∑
k

αk log pkð Þ þ 1
2
∑
k

∑
j
γ�
kj logpk logpj ð2Þ

and

logb pð Þ ¼ loga pð Þ þ β0 ∏
k
pβk
k ð3Þ

where α, β, and γ⁎ are parameters, and the subscripts k, j = 1, …n de-
note product origins.

Thus, the cost function can be rewritten as:

logc p;uð Þ ¼ α0 þ∑
k

αk log pkð Þ þ 1
2
∑
k

∑
j
γ�
kj logpk logpj

þ β0u∏
k
pβk
k ð4Þ

Shephard's lemma yields ∂c(p,u)/∂pi=qi. Multiplying both sides by
pi/c(p,u) we find the budget share equations for wood pellets from ori-
gin i:

wi ¼ ∂ logc u;pð Þ
∂ logpi

¼ piqi
c p;uð Þ ð5Þ

That is, the logarithmic differentiation of the cost function provides
the budget shares, which is a function of prices and utility:

wi ¼ αi þ∑
j
γij logpj þ βiuβ0∏pk

βk ð6Þ

whereγij ¼ 1
2 ðγ�

ij þ γ�
jiÞ. Solving Eq. (4) for the indirect utility function u

and substituting it into Eq. (6) results in expenditure share form:

wi ¼ αi þ∑
j
γij logpj þ βi log M=Pf g ð7Þ

Fig. 1. EU imports of wood pellets from the US, Canada, Russia and the rest of theworld as
total annual amount (tonnes) and annual proportion of market share (%).
Source: EUROSTAT.
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