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[bookmark: _Toc241920669][bookmark: _Toc451244025]Introduction
The utilisation of solid and liquid bioenergy carriers increased significantly in the past decade. Growing demand accelerated regional, national and international trade of these energy carriers. While the trigger for importing wood pellets and liquid biofuels is mostly demand not unmet by national production, the selection of partner exporting countries depends on factors like e.g. transport costs, infrastructure and production costs in the exporting country. These factors have to be accounted for if drivers and barriers of bilateral trade streams between countries shall be understood.
[bookmark: _Ref451242619][bookmark: _Toc451244026]EU-international trade of wood pellets
Net trade with solid bioenergy carriers, mostly woody biomass, increased steadily in the last decade. While 3.5 million metric tonnes (Mt) of woody biomass was traded in 2000, global net trade already accounted for 18 Mt in 2010 (Lamers et al., 2012a). In comparison the liquid bioenergy carrier with most important global net trade is biodiesel with about 2.5 Mt in 2011 (Lamers et al., 2014). Solid bioenergy carriers include wood waste, roundwood chips, fuelwood (in logs) and wood pellets. In the last years wood pellets became the most dominant traded bioenergy carrier globally. Imports to the main receiving world region, the European Union (EU), increased steadily from 1.7 Mt in 2009 to 4.6 Mt in 2012 (Lamers et al., 2012b). Since January 2012 a Combined Nomenclature code (CN 44013100) for wood pellets is available and wood pellet trade is explicitly listed in official national and European statistics. The subsequent advancement in data availability holds the potential to carry out detailed analysis on bilateral bioenergy carrier trade developments for the first time.
The European Biomass Association publishes a yearly report on wood pellets based on data from the European Pellets Council (EPC), Hawkins Wright and the Food and Agricultural Organisation (FAO). This section is based on their current summary report (AEBIOM, 2015):
With 18.8 million metric tonnes (Mt) the European wood pellet demand accounted for 74% of the global consumption in 2014. 13.5 Mt have been produced within the EU28, while larger amounts (5.2 Mt) have been imported from North America and about 1 Mt from Russia. The statistical report states 7.8 Mt of the demand to be consumed for industrial purposes, with about 4.7 Mt for electricity production in the United Kingdom and 1.5 Mt for combined heat and power plants (CHPs) in Denmark. While 2.8 Mt have been used for commercial heating, the majority of European wood pellet consumption was dedicated for residential heating with 8.2 Mt in 2014. European wood pellet consumption for heating therefore accounted for 43% of global wood pellet demand in 2014. Main wood pellet consuming Member States (MS) for heat are Italy (2.9 Mt), Germany (2.0 Mt), Sweden (1.4 Mt), France (0.9 Mt) and Austria (0.8 Mt). With this report we use monthly wood pellet trade data (available since January 2012) for the first time to analyse the mechanism for the wood pellet for heating market in these focus countries (IT, DE, SE, FR & AT). The focus countries are not only using pellets for residential heat, but also for commercial heating. While focus countries do not use pellets for electricity production (only Sweden with a small share of CHP), scales for heat consumption differ. Italy, Austria, France and Germany mainly use pellets for residential heating, while Sweden uses a higher share for commercial heating.
[bookmark: _Toc451244027]Motivation and scope of this study
For this study we set the following system boundaries:
· Due to bilateral trade data availability, high trade quantities and exclusive use for energy purposes (in contrast to wood chips) wood pellets are discussed as bioenergy carriers in this report. 
· With about 8.0 Mt2014 wood pellet consumption (32% of global demand in 2014), Italy, Germany, Sweden, France and Austria are selected as focus countries, as they present the and majority of the EU wood pellet for heating market.
· The report examines wood pellet trade to and between the focus countries based on monthly time steps between January .2012 and Decemberz. 2015 since bilateral trade data is available for this time frame (but not earlier).
[bookmark: _Toc451244028]Research questions and objectives of this study
In this report, we present an analysis of wood pellet bioenergy price differences as drivers for developments of trade streams between regions. We focus on the following research questions:
· What are potential added values and limitations of the dedicated trade code and the additional efforts of statistical authorities?	Comment by Martin Junginger: This question does not seem to be directly relevant for the main aim of this report. Perhaps mention it as a secondary aim
· Can we explain the monthly wood pellet trade statistics data (statistically significantly) with monthly 1) residential wood pellet prices 2) exchange rates and 3) seasonality?
· Are wood pellets a bioenergy commodity?	Comment by Martin Junginger: Define what you mean by ‚commodity’ first
· Are the markets of the focus countries co-integrated and subsequently what is the current state of the wood pellets for heating market?
By answering these questions we want to 1) discuss the usability of the statistical data as well as their limitations to improve the work of statistical authorities 2) and give new insights for bioenergy researchers by outlining how the, now monthly increasing data availability can be used to model bioenergy trade. 3) For 3) policy makers, we seek to explain how the market introduction can be supported and how to increase efficiency of the emerging markets by outlining drivers, barriers and indicators of commoditisation. Finally, 4) for 4) different market actors, a thorough discussion of the state of the market as well as observed inefficiencies that can assist in their decision making processes.	Comment by Martin Junginger: Ofwhat“wood pellest fro heating? In new coutnries that do not use wood pellets yet?
[bookmark: _Ref449605267][bookmark: _Toc451244029][bookmark: _Toc241920715]Data and methodology
[bookmark: _Ref449531845][bookmark: _Toc451244030]Wood pellet trade and Eurostat
Trade data from Eurostat (2015), more specific from the International trade in goods statistics (ITGS) is used to perform the econometric analysis.
European Member States (EU MS) are obligated to report monthly import and export volumes of their goods in quantity and value. Trade streams between the EU MS (intra-EU trade) and between the MS and non-EU countries (extra-EU trade) are published online[footnoteRef:1] based on a harmonised approach. National statistical authorities (NSAs), mostly national statistical institutes are in charge with collecting trade data from any businesses (Provider of statistical information – PSIs) and sending them to Eurostat within the legal deadlines. [1:  http://epp.eurostat.ec.europa.eu/newxtweb/] 

In practice, intra-EU wood pellet trade data is reported monthly from MS businesses which are exceeding exemption thresholds fixed on individual national level. For example any Austrian business with traded monetary values (in any direction) above 750.000 € in the past or current year has to report its imported and exported values and quantities as well as additional information including used transport modes, partner countries and country of origin into the official national INTRASTAT online tool (Schmidt et al., 2015). Exemption thresholds can vary between MS, however MS “have to ensure that at least 97% of their dispatches (intra-EU exports) by value (95% up to 2013) and 93% of their arrivals (intra-EU imports) by value are covered” (Eurostat, 2015). ToFor successfully submitting an INTRASTAT declaration, an existing CN code (Combined Nomenclature) is required. Since January 2012, the code CN 44013100 for wood pellets is available. Former CN codes used for this commodity are no longer listed (former subheading 440130)., Nnearly all businesses declare their trade electronically[footnoteRef:2] and businesses were informed well before introduction of new codes². Hence, we assume that most of the wood pellet trade was coded correctly in the declarations starting with January 2012. NSAs furthermore check the received data for plausibility, if necessary countercheck it with the declarants, estimate the statistical values to ensure comparability and estimate missing trade flows based on VAT (value-added tax) returns and foresight models including seasonality, working days etcetera. Finally, trade data is compiled by the NSAs for national publication and forwarded to Eurostat where it is re-compiled in a harmonised approach. Eurostat publication may differ from the national statisticsone mainly to better account for the common European border by using adjusted concepts and definitions. 	Comment by Martin Junginger: Soudns vaue to me. Can you specify a bit mroe [2:  At least in Austria, personal communication 23.03.2016 Tamara Schmidt, Statistik Austria] 

For the extra-EU trade on the other hand custom declarations are collected from the custom services by the NSAs to compile detailed monthly imports and exports (in contrast to “arrivals” and “dispatches” in the Intrastat-system) by the MS from and to non-EU countries as secondary statistics. Due to custom thresholds all transactions are included in the Extrastat-system which exceed 1.000 € in value or 1.000 kg in weight. Similar to the Intrastat-system, collected data undergoes a quality control at the NSAs before it is submitted to Eurostat where it is re-compiled in a harmonised approach and published.
To avoid double counting for EU agglomerates, dispatches and arrivals cover goods which are in free circulation in the receiving MS.  Imports and exports on the contrary include goods placed under customs procedure for release into free circulation in the MS of entry or after transfer to another MS. This means that a trade from country A to country B and a subsequent transfer to country C will be declared as imports of country B if put under customs control in country B. Goods in simple transit, entering and leaving a MS, with the exclusive purpose of reaching another MS or country are not recorded at all in the ITGS. However due to customs simplification (SASP) customs can be declared in the MS of origin of a business which imports or exports goods in and from another country, which consequently leads to higher reported imports and exports in some countries than actually physically traded.
Exports and dispatches are said to be FOB type values (free on board) while CIF type values (cost, insurance, freight) are used for imports and arrivals. In simplification this means that transportation costs originating in the sending country are included until the border of the receiving country excluding customs, excise duties or VAT. Depending on the different data collection procedures of the Member States, NSAs also estimate the statistical (at the border-) values by adding or subtracting transport costs. Therefore NSAs also collect information about transport modes used for the respective trade[footnoteRef:3]. Furthermore trade values are reported by the NSAs in national currencies. Monthly averaged conversion rates are used by Eurostat to harmonise and publish values expressed in Euro. Quantities as statistical values are collected by the NSAs rounded in full kilogram without packaging. MS are not obliged to collect this so called net mass but have to estimate it for the data sent to Eurostat.	Comment by Martin Junginger: Isn’tit untilthe receiving port? [3:  However only transport modes for imports and exports can be downloaded on Eurostat. Transport mode for Intrastat-trade are not online yet.] 

[bookmark: _Toc451244031]Factors with a potential impact on wood pellet trade
Several modelling approaches in literature discuss factors potentially impacting the wood pellets market: The most recent paper from Kristöfel et al. (2016) analyses demand and supply of wood pellets in the residential heating sector in Austria based on annual and monthly time series including wood pellets prices, prices for saw mill by-products and installed pellet heating devices as well as the number of Heating Degree Days. The same main author also discusses historic price volatility of woody bioenergy carriers (incl. wood pellets) compared to energy and agricultural commodities (Kristöfel et al., 2014). The two papers give a detailed econometric insight and potential impacting factors in and on the wood pellet market of Austria. Trade focused analysis between different residential pellet heating countries are outlined in Olsson et al. (2011) and Olsson, 2012). The paper and doctoral thesis analyse the residential sector wood pellet market integration between Austria, Germany and Sweden as well as price formation and internationalisation of wood fuel markets in Northern Europe. However they did not include the  new and detailed data set which is underlying our research. Sikkema et al., (2011) conducted the first extensive study on wood pellet trade and wood pellet prices finding “relatively mature industrial pellet markets, compared to non-industrial ones, because of their advanced storage facilities and long-term price setting”. In the following sub-sections we outline parameters discussed in the literature with a possible impact on wood pellet trade:
[bookmark: _Toc451244032]Residential wood pellet production and consumption
According to Eurostat (2016) the main wood pellet consuming EU MS include Sweden, Italy, Germany, Austria and France; which are also part of the top ten wood pellets producing countries in Europe (see Figure 1). German, Swedish and Italian wood pellet production peaked in 2012 at about 2.3 Mt, 1.7 Mt and 750 kt respectively and subsequently declined in 2013 and 2014. In France however, a fivefold increase in pellet production can be identified between 2008 and 2014. The mainly export driven production in Latvia, Portugal and Romania emerged in 2009 and continually grew to about 3 Mt in 2014. Pellet production in Austria and Poland seem to have stagnated since 2011 at around 1.0 Mt and 600 kt level per year, respectively.
Eurostat (2016) also publishes yearly wood pellet production rates of its main import countries including United States, Canada and Russia for 2012-2014. Production rates in these countries were about 6.9 Mt, 1.9 Mt and 900 kt in 2014, respectively. In comparison, total EU27 production increased from 3.9 Mt to 13.0 Mt between 2012 and 2014.
Eurostat (2016) is also used to calculate the “apparent consumption” of the EU MS of interest by adding imports and subtracting exports to and from the yearly production. In Figure 2, an increase from 1.0 Mt/a to 4.4 Mt/a for the consumption in Italy between 2009 and 2014 is illustrated. Apparent consumption in France and in Austria increased 3.7 fold and 2.2 fold respectively between 2009 and 2014.
[image: ]
[bookmark: _Ref448836530]Figure 1: Yearly wood pellets production (for all consumers). Source: own illustration based on Eurostat (2016)

[image: ]
[bookmark: _Ref448837275]Figure 2: “Apparent consumption” of wood pellets based on production, imports and exports of wood pellets. For Germany* the sum leads to high fluctuations based on exceptionally small imports in 2009 and exceptionally large exports 2011. Source: own illustration based on eurostat (2016)	Comment by Martin Junginger: Does this consumptionmathc iwth the nr of boilers/country and the expected consumption (based on if it was a cold or warm winter)? Especially the German ‘consumption’ seems rather unlikely. This in turns triggers quesiotns on the reliability of the import/export statistics…
[bookmark: _Toc451244033]Residential wood pellet prices
Residential wood pellet prices were collected from national pellets associations and national statistics for the MS of interest:
Austrian residential wood pellets are based on the “Pelletpreisindex PPI06” from propellets (2016). The Austrian wood pellet association queries prices based on private end user prices, including VAT, not packed and for an ordered amount of 6 t. Furthermore it reports a feed-in-flat-rate (Einblaspauschale) for delivery into the residential pellet storage of an average of 39.02 € for each delivery (about 6.5€/t).
German wood pellets prices are collected by “Deutsches Pelletsinstitut” (DEPV) for several regions (South Germany, North Germany and Central Germany) for different quantities delivered[footnoteRef:4] excluding VAT but including all costs for delivery up to 50 km (Buerger, 2015). The pellet price time series for 6 t delivery was further used for our analysis. [4:  Personal communication with Jan Schlaffke/ DEPV 18.12.2015 per e-mail] 

Residential wood pellets are mainly sold in 15 kg bags in Italy. The “Associazione Italiana Energie Agroforestali” (AIEL) collects wood pellet prices on “retail level” without transport costs and VAT for bag and bulk purchases[footnoteRef:5]. For the focused time range (2012-2015) of this study pellet prices for Italy are only available for two to three months. For the analysis all not available pellet prices are interpolated. [5:  Personal communication with Laura Bau/ AIEL 27.11.2015 per e-mail] 

In Sweden the national pellets association collects and prepares the official wood pellet statistics for bag purchase (16 kg) and bulk purchase (>3 t and >15 t) including delivery (up to 100 km) and including VAT (Pelletsförbundet, 2016). Pellet prices are published in the national currency (Krona) and converted to Euro based on monthly average conversion rates based on daily conversion rates from OANDA (2016).
In France official statistics publish pellet prices for 5 t deliveries up to 50 km and bag purchases (yard sale) including VAT (Beyond20/20, 2016). The former values are used for this study.
To increase comparability of prices between the analysed MS we discuss only bulk delivery. Pellet prices for bulk delivery are illustrated including VAT in Table 1. For Austria also a constant feed-in-flat-rate is added to increase comparability since no time series for such flat rates can be acquired.
[bookmark: _Ref448323508]Table 1: Value added taxes for wood pellets for residential heating purposes. Source: own illustration based on (lko, 2016), (UStG, 2015), (Abibois, 2016), (Johansson, 2016) and personal communication5
[image: ]
Wood pellet prices for residential consumers including VAT and delivery are illustrated in Figure 3. Therefore wood pellet price differences and ratios between the MS from January 2012 until December 2015 will be used for the wood pellet trade analysis, however based on values excluding VAT.



[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\correlations2016-04-21\preise.png]
[bookmark: _Ref448326351]Figure 3: Wood pellet prices including VAT and, for Sweden, converted to Euro/tonne. Red asterisk indicate pellet prices for Italy available only quarterly. Source: Own illustration based on propellets (2016), DEPV, AIEL, Pelletsförbundet (2016), Beyond20/20 (2016) 
[bookmark: _Toc451244034]Statistical analysis
Monthly dispatches and arrivals , in values (€/month) and in quantities (kt/month) of wood pellets  trade between Germany, Austria, France, Italy and Sweden are compared with monthly residential pellet prices in those countries. The aim is to find relationships between bilateral trade and the prices within the trading partner markets. 
For the analysis of bilateral trade streams (in values or quantities) linear regression is used for several combinations of dependent and independent variables:



Table 2: Parameters and underlying hypothesis and purpose for the bilateral trade analysis
	Dependent
	Independent
	Purpose and/or hypothesis

	Bilateral trade
	Price differences between reporter and partner
	Increasing differences should incentivise trade towards country with higher prices

	Bilateral trade
	Powered price differences between reporter and partner
	Fluctuations in price differences are considerable smaller than fluctuations in trade streams, powering the differences should increase the observed effects	Comment by Martin Junginger: Do you mean to imply that as price differences increase linearly, trade flows should increase exponentially? E.g. if the price difference doubles, trade flows should be 4 times higher??? 

	Bilateral trade
	Price ratio between reporter and partner
	Effects of price ratios on trade is discussed in literature (Kristöfel et al., 2016)

	Bilateral trade
	Price differences of the previous month
	[bookmark: _GoBack]Price differences are triggering trade streams but information needs time (a month) to proceed.

	Bilateral net-trade
	Price differences between reporter and partner
	Price differences are affecting both, arrivals and dispatches simultaneously, therefore also affecting the linear combination (net-trade).

	Bilateral net-trade
	Prices of partner and prices of reporter
	Changing prices of either reporter or partner affect bilateral trade, but not both at the same time.



In contrast to the bilateral trade analysis the effect of independent variables on multilateral trade is studied via linear regression using the following combinations of dependent and independent variables:
Table 3: Parameters and underlying hypothesis and purpose for the multilateral trade analysis
	Dependent
	Independent
	Purpose and/or hypothesis

	Shares of bilateral trade streams in total imports and arrivals
	Price differences between reporter and partner
	Increasing price differences are expected to not only increase total trade towards higher priced country but also the resp. share among all other trades

	Shares of bilateral trade streams in total imports and arrivals
	Price differences between reporter and partner of previous month
	Similar as above, but assuming that information needs time to proceed


 
Furthermore we discuss the linear regression of following combinations:

Table 4: Parameters and underlying hypothesis and purpose further predictors
	Dependent
	Independent
	Purpose and/or hypothesis

	Bilateral net-trade
	Average temperature of the receiving country
	Monthly temperature change should effect trade 

	Bilateral net-trade
	Average temperature of the receiving country and price differences
	Monthly temperature change together with changing price differences should effect trade

	Bilateral trade
	Exchange rates between receiving and sending country
	Exchange rates effect pellet production costs and subsequently trade



“Short description of 1) OLS regression 2) stationary tests and 3) co-integration with Granger-causality will be added until IEA-Stockholm meeting.”
[bookmark: _Ref450031926][bookmark: _Toc451244035]Results
[bookmark: _Ref450896631][bookmark: _Toc451244036]Explaining monthly wood pellet trade data
In Figure 4 cumulated wood pellet trade streams between and towards the focus countries are illustrated based on Eurostat, (2016) for the time frame Jan.2012 until Dec.2015. While the main receiving country of wood pellets for heating in the EU is Italy (with 6.1 Mt), Austria and Germany are important wood pellets trading countries both, in terms receiving pellets and sending them to the other focus countries. Largest imports from third countries originated in Russia (1.1 Mt) and Romania (1.0 Mt). Even though the focus countries have been selected to present the most important EU countries where wood pellets are used for heating we do not observe strong trade links between all of them. Only Germany and Austria are co-integrated in terms of strong bilateral trade in both directions (330 kt to Austria and 194 kt to Germany). Trade from Austria to Italy account for the largest single observed trade (1.570 kt) however this trade is almost entirely uni-directoral. Also Germany and France sent a considerable share (450 kt) and (300 kt) of their wood pellets to Italy in the considered time frame. Trade between Germany and France is also mostly uni-directoral (160 kt), however small amounts of French pellets end up it Germany (60 kt). A relatively weak trade between Germany and Sweden can be observed for 2015 with a higher share for German pellets to Sweden (80 kt versus 50 kt).
In the following sub-sections we will discuss how these trade streams can possibly described by residential wood pellet prices, exchange rates and changes in temperature.
[image: ]
[bookmark: _Ref450814421]Figure 4: Wood pellet trade streams between and towards the focus countries for the time frame Jan.2012 until Dec.2015 based on Eurostat,(2016). Trade within the countries and exports from focus countries to non-focus countries are not illustrated
[bookmark: _Ref449348227][bookmark: _Toc451244037]Focus wood pellet prices
Despite the important trade connection between Germany and Austria only arrivals to the reporter country France from the partner Germany exhibit a significant positive relationship in all regressions with a significance level of 0.001. However with the strongest adjusted R² of 0.49 in the net-trade analysis (Annex 7.1) and the weakest adjusted R² of 0.39 in the time lag analysis. The adjusted R² furthermore increases (to 0.56), when French and German prices are both included as dependent variables (Annex 7.6). The three dimensional linear regression explains increasing net-trade between France and Germany (positive when more arrivals to France than dispatches to Germany) with decreasing German pellet prices (significance level of 0.001) and increasing French pellet prices (also 0.001).
Bilateral trade analysis: Dispatches from the reporter Germany to the partner France should be the same or at least comparable to the discussed arrivals. The same regression analysis however exhibit only the expected significant negative relationship with a significance level of 0.001 for the net-trade while the remaining regression analysis only show the significance level of 0.05. It is important to notice that the difference between arrivals and dispatches with Germany as a reporter and France as a partner differ from the values with France as reporter and Germany as partner (previous paragraph).
In Figure 5 both reporter points of views, monthly dispatches and arrivals as well as the price differences between reporter and partner are illustrated in the time frame of Jan.2012 to Dec.2015. For negative price differences a pellet flow from reporter to partner (dispatches) would be expected while positive and higher price differences should result in increasing arrivals to the reporter. This assumed relation can be observed for the arrivals to France from Germany in the first plot, which increased significantly in 2014 and again in 2015 with a collapse in the winter months between 2014 and 2015: The increasing arrivals are accompanied by higher price differences. Dispatches from Germany to France behave comparable even though they exhibit higher fluctuations (second plot). For the 2014 dispatch spikes we assume that Germany declared large quantities with a month difference to the French declarations, leading to a similar overall quantity in this time frame with higher fluctuations. In contrast, for the declaration differences in 2015 we assume an inconsistency in the statistical data. France furthermore reports highest dispatches to Germany in the first half of 2013, accompanied with the lowest price differences, which can be accounted for the best regression results for the net-trade analysis.
Arrivals to France from Germany sum up to about 155 kt in 2012 to 2015 and therefore occupy the sixth place for total arrivals from other main residential wood pellet countries. Arrivals to Italy from Austria sum up to roughly 1.5 Mt in the same time frame and to Italy from Germany to 454 kt but do not exhibit any significant relationships with the pellet prices differences between those countries. The same holds for arrivals to Austria from Germany (330 kt), to Italy from France (301 kt) and to Germany from Austria (194 kt). Only when using pellet prices of reporter and partner both as independent variables more significant correlations appear. Increasing net-trade between Italy and Austria with Italy as a receiving country[footnoteRef:6] are negatively correlated with Austrian- (significance level of 0.01) and positively correlated with Italian pellet prices (0.5 significance). [6:  and positive net-trades when more arrivals are sent to Italy than dispatches from Italy to Austria] 

[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\ts_plot2016-04-20\FRuDEbyTS.png]
[bookmark: _Ref448914227]Figure 5a & 5b: Bilateral trade between France and Germany from both reporter points of views. The red line indicates pellet price differences between both countries. Source: own illustrations based on Eurostat (2016), DEPV, Beyond20/20 (2016)

Multilateral trade analysis: In contrast to the already discussed results, no significant correlation between price differences and trade shares can be found for the bilateral trade between France and Germany (Annex 7.2). This means that the share of arrivals to France from Germany (or their tantamount dispatches) did not increase following the increments of their total values. In other words, the sum of imports and arrivals to France exhibit a comparable curve as seen in Figure 5a. In fact when comparing shares of arrivals to France from Germany with both, pellet prices in Germany and in France as independent variables, we can observe that arrival shares are decreasing when French pellet prices are going up (with a significance level of 0.001). Total imports and arrivals to France are illustrated in Figure 6 together with shares from the top seven importing partners. Next to the discussed peaks in arrivals, which appear to be commonly shared by the trade partners Germany and Belgium, additional trade peaks until 2015 have been triggered based on Estonia and Spain and in the end of 2015 based on the United States.
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\ts_plot2016-05-02\FRshares.png]
[bookmark: _Ref448928005]Figure 6: Cumulated monthly imports and arrivals to France are indicated by a black line, trade shares of top trading partners are illustrated by coloured areas. Source: own illustration based on Eurostat (2016)

The linear regression between shares and price differences for arrivals to Austria from Germany however exhibit significant correlations with a level of 0.01. The positive correlation indicates that arrival shares from Germany increase when prices are favourable for Austria to trade with his neighbouring partner. Furthermore significances of 0.05 for German prices and 0.01 for Austrian prices are seen for dispatches from Germany to Austria when both are used as independent variables. Pellet prices in Germany are higher than in Austria (see Figure 3) in the discussed time frame. In April 2013 the differences peaked when Austrian prices were more than 40 €/t cheaper than in Germany. This is also when a minimum of total imports and arrivals can be observed in Figure 5a, with a visible low share of arrivals from Germany. Even though the price difference stayed unfavourable, at a lower level with about 30 €/t, until January 2014 arrival shares increased again and only reached the global minimum in April 2014 when differences already reached a moderate difference of 20 €/t. We assume that especially this part of the time series can explain the positive correlation, however with a rather moderate significance.
Correlations with a higher significance level (of 0.001) can be observed for arrival shares to Italy from Germany. Also shares to Italy from Austria are significant at a 0.01 level andboth correlations are negative. The interpretation, that favourable price differences for Italy decreases the arrival shares from Germany and also from Austria, contradict the logic of this work discussed in the methodology section. While Italian wood pellets were up to 40 €/t cheaper (in June 2012) also a maximum in arrivals from Germany occurred at the same time. Price difference became more favourable, in fact Italian prices overtook German ones in the summer of 2013, however the bilateral trade decreased, still with peaks in the summer months. Arrivals to Italy from Austria are in general higher in the summer months (40-50 kt/month) than in the winter months (about 20 kt/month). Due to the high diversity of Italian trade partners (see Figure 7b), these developments cannot be visualised when compared to cumulated imports and arrivals.
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\ts_plot2016-05-02\ATshares.png]
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\ts_plot2016-05-02\ITshares.png]
[bookmark: _Ref448934078]Figure 7a & 7b: Cumulated monthly imports and arrivals to Austria are indicated by a black line, trade shares of top trading partners are illustrated by coloured areas. Source: own illustrations based on Eurostat (2016)
[bookmark: _Ref449348231][bookmark: _Toc451244038]Modelling wood pellet trade – further predictors
We expect seasonality and heating demand to effect wood pellets trade for heating purposes. However more than four years of time series data will be necessary to perform a sound seasonality analysis. To mitigate this short coming we use monthly average temperature of the focus countries to analyse how temperature change effects pellet trade:
Especially cumulated imports and arrivals to Italy and to Austria indicate a certain periodicity with local minima before spring and maxima in the summer months (see Figure 7). The analysis in Table 5 gives positive correlations of temperature and cumulated imports to Austria and to Italy with a significance level of 0.001. A lower significance level (of 0.05) is outlined for the positive correlation for French imports, while again high significance (of 0.001) is indicated for Sweden, even though Swedish imports are negatively correlated with temperature. While Austria and Italy (and to a certain extent also France) tend to increase wood pellet imports with increasing temperature, Swedish imports increase in the winter months and with colder temperatures. For prices only a low significance (of 0.05) can be found for German temperatures in the time frame 2012-2015.
[bookmark: _Ref448939205]Table 5: Correlation between temperature and cumulated monthly imports (on the left side) and monthly prices (on the right side).
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Adding monthly average ground temperature to the regression analysis of the last section increases the adjusted R² of the best fitted model slightly to 0.50 (compared to 0.49) for arrivals to France from Germany. Furthermore the regression analysis for arrivals to Italy from Germany show slightly better results when both, temperature and price differences are taken into account to explain net-trade changes. In contrast to the results from the last paragraph, price differences contribute significantly (significance level of 0.01) beside the temperature contribution (significance level of 0.001) and result in a linear model with an adjusted R² of 0.39. Also dispatches are affected from temperature change and seasons: A positive correlation with high significance can be outlined for cumulated dispatches and exports from Austria (significance level of 0.001). For the bilateral trade on the one hand we observe a significant positive correlation for dispatches from Austria to Germany (0.001). On the other hand a negative significant (0.001) correlation for dispatches from Austria to Italy can be highlighted. Dispatches to Italy from other focus countries France and Germany are also negatively related to temperature change, however with a smaller significance level of 0.01.
Wood pellet prices for non-focus countries could not be acquired. However we assume, that production costs of wood pellets from exporting and importing countries relate similarly to their exchange rates for exporters outside the Eurozone. In the time frame 2012-2015 cumulated imports to Sweden from Russia (819 kt) and to Austria from Romania (691 kt) are forming the upper limit. Correlations for the top 14 import streams reveal the highest significance for imports to Italy from Russia with cumulated imports of 141 kt and to Germany from Russia (136 kt) with positive relationships (both at a significance level 0.001). Also imports to Italy from Canada (582 kt) and from the United States (380 kt) result in significant and positive correlations with exchange rates with a significance level of 0.01. Against the market logic a less significant and negative relation is observed for the strongest imports, Italy from Russia. (see also Annex 7.3)
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\correlations2016-04-21\reportxchange.png]
[bookmark: _Ref448999681]Figure 8a, 8b & 8c: Exchange rates (in red) and monthly imports (black resp. in blue). Source: own illustrations based on Eurostat (2016) and (OANDA, 2016)

Figure 8 a-c illustrate the exchange rate series for Canadian and US Dollar, resp. Russian Rubel for the conversion to Euro. While the Euro got stronger compared to Canadian Dollar and Russian Rubel, it also lost value compared to the US Dollar. Simultaneously we observe an increase in imports to Germany and Italy from Russia as well as strong trade relations between Italy and Canada when rates were most favourable for import (end of 2013 and first half of 2014).
[bookmark: _Toc451244039]Quantity based analysis vs. value based analysis
While the analysis in 3.1.1 and 3.1.2 are based on statistical quantities [kt/month], we also performed the discussed regressions based on statistical monetary values [€/month] (see Annex 7.4). The results are similar, with strong significant correlations for the trade relation between France and Germany and no correlations for more important trade relations between the focus countries. For less important trade relations a, in the quantity based analysis unobserved significant (0.05) correlation for arrivals to Italy from France and dispatches from France to Italy can be noted. Furthermore the, in the quantity based analysis observed significances of 0.05 for German prices and 0.01 for Austrian prices are seen for value based dispatches from Germany to Austria when both are used as independent variables.
Performing the analysis with both data sets (statistical quantities and values) indicates a high consistency between these data sets. However, consistency vary between the focus countries: Austrian and Italian imports and arrivals differ less when discussed based on quantities and values, Germany and Sweden exhibit a higher rate of inconsistencies.
Ranking cumulated arrivals and imports as well as dispatches and exports over the discussed period (Jan.2012-Dec.2015) reveals another important fact: The ranking based on statistical quantities differ from the ranking based on statistical values due to different wood pellet prices at the border of the sending country. Arrivals to Austria from Romania are reshuffled to the 2nd highest arrivals position at the expense of imports to Sweden from Russia. Arrivals to Italy from Germany become more important when ranked based on statistical monetary values. The same holds for arrivals to Italy from France. We assume the higher pellet for residential heating prices to be decisive for this reshuffling. Ranking the exports and dispatches supports this assumption: Cumulated dispatches to Denmark from Sweden as well as from Germany based on statistical values loose in importance compared to statistical quantities, similar to dispatches from Germany to Great Britain but also Germany to Sweden. Dispatches from Germany as well as from France to Italy and from Germany to France become more important.
The consistency between statistical quantities and values can be measured for bilateral trade streams through analysing the correlation between them (Annex 7.5). Arrivals and dispatches between the focus countries all exhibit the highest significance level (0.001). The slopes of the linear models in this case furthermore indicate specific costs for pellets at the border of the sending countries, averaged over the full period. The concepts behind these value have to be noted to be FOB for dispatches and CIF for arrivals. Highest specific costs are found for arrivals to France from Germany with about 240 €/t, lowest specific costs for dispatches from Germany to Sweden with about 144 €/t. Arrivals to Austria from Germany averaged with dispatches from Germany to Austria result in about 177 €/t while sending pellets from Austria to Germany result in an average of about 182 €/t. Italy receives pellets with an average prices of 208 €/t from Austria and 187 €/t from Germany (at the border of the receiving country excl. VAT, customs and excise duties).
[bookmark: _Toc451244040]Market integration
In Table 6 the test results for stationarity of pellet prices are shown. The natural logarithm of the prices time series illustrated in Figure 3, as well as the first difference of the natural logarithm are tested for stationarity. Asterisks are used to indicate rejection of the null hypothesis of non-stationarity at the 10%, 5% and 1% significance level. The null hypothesis cannot be rejected in any of the original series, however nearly all first differences are indicated to be significantly stationary. 
[bookmark: _Ref449017791]Table 6: Results from stationarity test for wood pellet prices. Lag lengths in parenthesis.
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Since all pellet price time series are stationary at the same level, I(1), we can analyse the time series for co-integration among each other. Therefore Engel-Granger co-integration tests are used and results are shown in Table 7. We can confirm the results of Olsson et al., (2011) with more current price data for the pellet price relationship between Austria and Germany: The prices are co-integrated, even though a higher significance can be pointed out for the integration of Austrian prices depending on German prices. Non-stationarity can further be rejected significantly for Austrian and German prices depending on Italian prices, which cannot be observed the other way round. This relation indicates that Italian prices Granger cause Austrian and German prices. A similar relationship is observed for French wood pellet prices which seem to be Granger caused by German, Austrian and Swedish prices with a significance level of 0.01. As already discussed for Italian prices an interpolation had to be used since average wood pellet prices are not available for all months. In contrary for France national statistics provide monthly wood pellet prices, however as can be seen in Figure 3, they appear to be also three month averages published as monthly statistical values. This makes the outcome of this part of the analysis questionable. 
[bookmark: _Ref449019100]Table 7: Results from the Engle-Granger co-integration tests. Letters in parenthesis indicate which of the variables are set as dependent.
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The introduction of the doubly-entry bookkeeping in Eurostat as recommended by Sikkema et al., (2011) lead to a relatively high data quality for monthly trade quantities and values. However discrepancies in the statistical data cannot be avoided. Based on Figure 5a & 5b we showed that arrivals to France from Germany differ from dispatches from Germany to France. Eurostat, (2016) gives several reasons for these, so called asymmetries: 1) Different thresholds in various member states 2) late or non-response by certain companies 3) statistical confidentiality 4) misapplication of the rules and delays, 5) different valuation of transactions and 6) triangular trade. For the discussed bilateral trade we see a 1.6 time higher cumulated dispatches from Germany to France than arrivals to France from Germany. Cumulated dispatches are also higher from Germany to Austria and to Sweden (2.1 & 2.4 times) than their symmetrical cumulated arrivals. For the focus countries however highest asymmetries are observe for dispatches from France to Italy (4.7 time higher) and lowest for dispatches from Austria to Italy (1.3 times higher). The asymmetry values are calculated for trade quantities [kt/month] to rule out the different valuations of transactions. For the discussion based on the strong aggregations (all trade streams from Jan.2012-Dec.2015 for each bilateral relation) we assume that late or non-responses, statistical confidentiality and misapplication does play a minor role. As explained in section 2.1 triangular trade should be accounted for in the statistical data. If for example wood pellets from Estonia arrive in France traded by a German company, we should observe arrivals and dispatches to France from Estonia. However also Eurostat, (2016) does mention that some traders might indicate their trades wrongly due to triangular trade, in this case German traders would have indicated their dispatches as German pellets instead of Estonian pellets. Exemption thresholds for business can vary annually and are different between the MS. For the report we didn´t collect and compare these thresholds, however we assume that it is not the different thresholds but rather the sizes of companies reporting dispatches and companies reporting arrivals that leads to the asymmetries. This would also explain why all discussed dispatches are observed to be higher than their symmetrical arrivals. Customs simplification (SASP) can be another reason for the asymmetries: A German company producing wood pellets in Estonia for example would be allowed to declare their direct dispatches to France as German ones.
Wood pellet trade models were discussed with experts[footnoteRef:7], respective relations were tested and results are shown in this report. The objective of these discussions and expert-interviews was to explain the monthly data from Eurostat, which is just currently available since January 2012, with wood pellet prices and other predictors. Kristöfel et al. (2016) for example discuss the elasticity of wood pellet demand on prices as well as production in Austria. However wood pellet demand and production are not available on a monthly level for all focus countries. To tackle this shortcoming we use monthly average temperatures instead of demand, wood chip prices have been considered to potentially explain production. However no analysis of wood chip prices is included in this report since 1) only prices for three of the five focus countries could be acquired and 2) wood chip prices appear to be influenced by wood pellet prices but not the other way round (see e.g. Kristöfel et al., 2016). [7:  IEA Bioenergy Task 40 Meeting, January 2016] 

Even though we are only investigating a time frame of four full years, not sufficient for a seasonality analysis, we can outline strong correlations between temperatures change on wood pellet imports in the focus countries: Italy and Austria are ramping up their imports when it is getting warmer, while the analysis with Swedish imports exhibit opposite behaviour. The reason is assumed to be residential heating consumers filling up their yearly storages when pellet prices are cheapest. The consumption share of wood pellets for district heating is significantly higher in Sweden than in the other countries, thus leading to increasing imports in the winter months due to more relevant storage restrictions of district heating companies compared to small scale users and higher local prices of domestic supply. Not tested in this report, but mentioned by Carretero  (2014) and also showcased in the graphical investigation based on Figure 3, wood pellet prices exhibit local maxima in the winter months and minima in the spring months for all countries but Sweden. For the year 2012 and 2014 it could be argued, that the minima are caused by an oversupply due to a fire in a large wood pellet power producer (RWE, Tilbury UK, February 2012) and another wood pellet power producer going off the grid in Belgium in March 2014 (Max Green). However since minima are also observed in the spring months other years we assume, that these event had only amplifying impacts on the residential wood pellet prices at best.
When explaining trade behaviour between residential wood pellet heating countries through wood pellet prices, price relations and price differences between them, the impact of temperature changes however do not deliver a significant added value. In other words, it is sufficient to perform one dimensional regression between price and trade parameters to derive new insights:
In the time period Jan.2012-Dec.2015 most important trade relations between the focus countries are found between 1) Austria and Italy with mainly Austria as sending and Italy as receiving country 2) Germany and Austria in both directions and 3) Germany to Italy (see section 3.1). The lowest mean wood pellet price for the period is found for Austria with about 248 €/t and the highest with about 286 €/t for Sweden. Fluctuations are highest for Italy where wood pellet prices reach from 202 €/t to 319 €/t. Counter-intuitively, only price – trade relations are observed for the bilateral trade between France and Germany. The resulting models exhibit highest adjusted R² when net-trade quantities between the countries is compared with price differences in contrast to similar parameters like simple trade quantities, price differences from the previous month and price relations instead of differences. Performing the same analysis with net-trade values (in €/month) instead of quantities (in kt/month) reveals also a significance for trade with France as a sending country and Italy as a recipient. Only when using pellet prices of reporter and partner both as independent variables more significant correlations appear. Increasing net-trade between Italy and Austria with Italy as a receiving country[footnoteRef:8] are negatively correlated with Austrian- and positively correlated with Italian pellet prices. [8:  and positive net-trades when more arrivals are sent to Italy than dispatches from Italy to Austria] 

Nevertheless the results for French arrivals from Germany become less important when switching from bilateral analysis to multilateral analysis: Using shares of arrivals and dispatches from and to other focus countries based on the total arrivals and imports as well as total dispatches and exports respectively reveals no significant correlation between France and Germany. In other words, when wood pellet prices in France are high compared to German prices, arrivals from Germany increase but so do also arrivals and imports from other countries. In fact when comparing shares of arrivals to France from Germany with both, pellet prices in Germany and in France as independent variables, we can observe that arrival shares are decreasing when French pellet prices are going up. On the contrary, arrival shares to Austria from Germany increase when price differences are more favourable for Austria to import from Germany. Furthermore German- Austrian prices are significantly correlated for dispatches from Germany to Austria when both are used as independent variables. While this finding supports the logics of this report, largest significance is observed for arrivals to Italy from Austria and Germany, however the other way around: Italian arrival shares are higher from Austria and Germany when price differences are less favourable which implies inefficient market behaviour.
Cointegration between the prices time series analysed for the longest period possible for each bilateral relation between the focus countries can only be stated for Germany and Austria. These finding go well with the findings from Olsson et al. (2011), Buerger (2015) and Hruby (2015). However uni-directoral integration (Granger causality) can be discussed for Italian wood pellet prices influencing German and Austrian prices. French price changes again are Granger caused by German, Austrian and Swedish price changes. Swedish and German prices are not integrated at all. This might be caused by large pellet arrivals to Sweden from Germany for district heating with different qualities and prices but reported in the same statistics. We can confirm this assumption by relating wood pellet arrivals and dispatches quantities and values: Lowest slopes for these correlations, which can also be interpreted as average pellet prices at the border of the receiving countries without VAT, are found for dispatches and arrivals from Germany to Sweden (about 145 €/t). The slopes are all highly significant (0.001). The highest slopes are found for dispatches and arrivals from Germany to France with about 232 €/t, while in comparison arrivals and dispatches from Germany to Austria result in specific average prices of about 177 €/t and vice versa 182 €/t. Italian arrivals are cheaper at the Italian border when delivered from Germany (with about 187 €/t) as when sent from Austria (with about 208 €/t).
However wood pellet trade contracts are often arranged for the time horizon of a year or even for multiple years (Olsson, 2012). We cannot say if the residential wood pellet prices accurately represent the prices paid for the trades. This was already discussed for the trade between Sweden and Germany. Only specific average prices for arrivals on the border to France from Germany are in a comparable magnitude with the actual average pellet price (232 €/t and 264 €/t respectively). Other specific average prices for arrivals (DE->AT, AT->DE & AT->IT) are 30% lower than actual average residential wood pellet prices, far more than the delivery within the receiving country to the consumer and VAT could account for.
For non-Eurozone countries significant positive relations for imports to Italy and to Germany from Russia (with 0.001 significance level) and to Italy from Canada and the US (with 0.01 significance level) can be observed. The falling Russian Rubel as well as the falling Canadian Dollar and raising US Dollar impacted on increasing respectively decreasing imports. The most important import stream from a non-Eurozone country to the focus countries are imports to Sweden from Russia. It is counterintuitive that these imports decreased while exchange ratios became more favourable for Sweden, which imply inefficient markets.
Integration of pellets prices and markets within two of the focus countries, namely Sweden and Austria is discussed in Olsson, (2012), Kristöfel et al., (2016) and Hruby, (2015). Olsson, (2012) finds separate markets for unrefined versus refined wood fuels in Sweden where wood pellet prices are not connected to oil prices directly. An indirect relation between oil prices and wood pellet prices is outlined over wood pellet demand. Furthermore forest chips are sold for industrial use, their prices are not co-integrated with chip prices for district heating or prices for industrial by-products. While Olsson, (2012) finds an inefficient wood chips markets the respective author expects oil prices and wood pellet prices to become co-integrated in the next decades. Hruby, (2015) outlines a correlation between wood pellet prices and oil prices already for Austrian time series, overshadowed however by a strong correlation with the Austrian GDP. Kristöfel et al., (2016) find an inelastic demand for wood pellets on prices in Austria while wood pellets supply in Austria is strongly unit-elastic. The respective authors explain their results by wood pellet producers which can simply store or export their pellets when prices are too low in Austria, while consumers have already invested in installed capacities.
Still while wood pellet prices steadily increased in the last 15 years, European wood pellet facilities stay underused (Sikkema et al., 2011). Carretero, (2014) surveyed 771 companies and could not find a correlation between wood pellet capacities and actual production. We assume that this is the result from oversizing wood pellet plants. Schipfer et al., (2015) outline relatively low optimal wood pellet plant sizes compared to more expensive technologies like e.g. torrefaction. Feedstock availability and accessibility are key factors for scaling up wood pellet production in a specific location. Availability of economic feedstock is furthermore influenced by factors like feedstock yield, but also and more important for European producers, nearby competing consumers including other wood pellet producers.
With increasing wood pellet prices and wood pellet trade also price volatilities increased (Kristöfel et al., 2014 and Buerger, 2015). This is counterintuitive since wood pellet trade increased at the same time. However price volatilities are still well below volatilities for oil world market prices (Buerger, 2015). To hedge respective risks wood pellet futures emerged and are emerging on the market: After the last wood pellet futures did not perceive any interest in 2012 (Lamers et al., 2016), a new future contract product with the focus on residential wood pellets was launched in October 2015[footnoteRef:9]. Olsson, (2012) argues that futures generally need up to 10 years to have an impact on wood pellet prices but could lead to decreasing and less volatile wood pellet prices in favour for the consumers on a long run. Furthermore the respective author points out that the existing vertical integration of many pellet supply chains for large scale use is a solution when other means of risk management are unavailable or not functioning. [9:  https://derivatives.euronext.com/en/commodities/wood-pellets] 

The study (Olsson et al., 2016) lists the following preconditions a product has to fulfil in order to fall in the category of a commodity:
· Existing quality standards
· Different end users
· Enough market actors, no monopolies
· Market transparency and low “search costs”
· Short term demand and an adequate supply
Quality standards for wood pellets have been established in 2010 under the EN14962. Based on the wood pellet standard a certification scheme (ENplus) was introduced by AEBIOM with a certification of 6.0 Mt in 2014 and 7.7 Mt in 2015 of pellets produced globally (AEBIOM, 2015). The report outlines in subsection 1.1 that pellets are used in Europe for different end users, with residential wood pellets being most demanded followed by industrial power production, district heating and firing in CHPs. In fact, end user types are even more diverse not only because large scale consumption is found in different demand size categories, but also because residential heating is not unambiguously defined: Pellets in Italy are mostly bought in bags to be burned in stoves, while German and Austrian consumers mostly get pellets delivered in bulk for their boilers with automatic feed in systems. Largest boilers are used in France, where pellets are used for multi-storage buildings which lead again to different market structures. In overall the variety of consumers and consumer types results in year around short term demand in all focus countries and beyond. A large variety of market actors and pellet producers furthermore result in an adequate supply. However two problems occur with respect to pellet producers. 1) Wood pellet production plants are generally over dimensioned in Europe, leading to an underutilisation of their capacities. With more producers emerging on the market in Europe resulting in lower feedstock availability within a certain delivery range of the pellet production plants, the underutilisation will grow most likely in the future. 2) A second problem with regard to the market actors is, relatively common for new commodities and markets, a certain degree of vertical integration. Especially for large scale pellet consumers, consumer and producer can be part of the same company family, therefore segregating the entire pellet supply chain from the rest of the pellet market with the aim to decrease risks with regard to pellet price volatility. In the future price volatilities for residential consumer can be probably hedged by a newly introduced futures contract[footnoteRef:10]. The successful establishment of futures contracts is discussed as a litmus test of the commoditisation process which is ongoing since Oct.2015, however with no information about its success so far. [10:  https://derivatives.euronext.com/en/commodities/wood-pellets] 

[bookmark: _Toc451244042]Conclusions
Data search costs are minimised since Jan.2012 for arrivals and dispatches in quantities [kt/mont] and values [€/month] thanks to an easy accessible database of Eurostat, (2016). We consider the data quality to be high, however discrepancies in the statistical data cannot be avoided. The asymmetries observed in this study are assumed to stem from different sizes of sending and receiving companies, therefore resulting in general in larger dispatches than arrivals. The usability of the statistical data could be improved furthermore if indicators on trade shares accounting for SASP for Intra-stat, as well as for triangular trade for the Extra-stat would be provided. Statistical authorities are also collecting used transport modi for the bilateral trade streams. Eurostat, (2016) publishes the respective data sets for Extra-stat trade, but also the modi shares for Intra-stat trade would be of great value to understand wood pellet trade better and to assist especially the sustainability of this market. Furthermore analysing the differences between national statistics and European statistics could bring further insights due to different concepts and definitions but same basic data sets used.
The statistical monthly wood pellet trade streams between the focus countries can be explained by residential wood pellet prices in the respective countries only for view trade relations with a high statistical significance. Basing the analysis on dispatches benefits from more comprehensive time series but volatilities within the time series decrease significant correlations found with analysis based on arrivals. Basing the analysis on values instead of quantities moves the focus to trades with higher wood pellet prices, but does not increase statistical significances of found correlations in overall. Possibly based on more comprehensive harmonised data and with expending time series since Jan.2012 a wood pellet trade model could be best set up by;
· Explaining total imports and arrivals to the focus countries by heating degree days of the previous winter (giving the remaining stock) for amplitudes and seasonality for yearly minima and maxima as well as the storage capacity limitations for larger facilities like district heating plants.
· Explaining shares of total imports and arrivals based on residential wood pellet prices of sending and of receiving countries, both as independent variables and mixed as price difference.
· Adjusting the monthly trade data published in Eurostat by dividing it into high and lower quality wood pellets. The difference between residential wood pellet prices within the countries adjusted by VAT and transport costs and the specific trade costs at the border (based on monetary values and quantities) could give a first indication for this separation.
· For imports from third countries exchange rates are expected to keep playing a decisive role. For countries which produce pellets mainly for export even pellet production costs, adjusted to exchange rates and national economic performances as well as transport costs could be a promising parameter composition to determine pellet export quantities.
· A more holistic wood pellet trade model could benefit from including also larger mixed markets like Great Britain with power production and Denmark with CHP production. We expect that pellets for the respective facilities are only purchased when power (and heat) production costs are equal or below the subsidies levels in the respective countries.
· And by setting it up with a higher spatial resolution, e.g. by implementing consumer data on a NUTS-1 level.
· Monthly transport mode shares are available for wood pellets in the Extrastat. When this data will also be published in the Intrastat system, transport costs will be possible to be estimated using road, rail and water way networks (e.g. using Transtools[footnoteRef:11]) and labour- and fuel cost specific variable and fixed costs for transportation. [11:  http://energy.jrc.ec.europa.eu/transtools/] 

With regard to the commoditisation process we consider wood pellets a young commodity. However the wood pellet for heating markets in Europe are at this stage (beginning of 2016) at best semi-mature: 
Quality standards, diverse consumer types and a vast amount of market actors exist. The wood pellet market is free of monopolies, however for larger pellet consumers – mainly for co-firing for electricity production- still vertical integration is used to minimise risks in the supply chain. In overall short term demand and adequate supply is present and the market transparency is improving. While search costs for monthly bilateral trade streams are minimised since Jan.2012, search costs for pellet prices, wood chip prices and wood pellet consumer shares are still relatively high. Future research will benefit from this and similar reports by listing sources and giving tools to harmonise the data. An official and open accessible database with harmonised price time series could help to improve the wood pellet market significantly since it is one of the last short comings on the way to market majority.
Wood pellet markets exhibit signs of inefficiency: Wood pellet production capacities in Europe are highly underutilised and wood chip prices are integrated in pellet prices but not the other way round. This observation implies that pellet prices, and respectively pellet production does not change when chips become cheaper but the feedstock market reacts on changing upstreaming activities, respectively changing shares of wood chips for pulp and paper and pellets demand. Underutilisation of pellet production capacities could be tackled by switching to other feedstock types or upgrading to thermally treated pellet production e.g. torrefaction. Wood pellet trade appears to be incentivised by favourable price differences and exchange rates for a minority of trade streams. This and even contrary observations indicate that wood pellet consumption is still inefficient. Furthermore price volatilities did not decrease with increasing trade. We expect that new market instruments like futures contracts will help to tackle price volatilities and increase price co-integration, however only in a longer term over the next ten years. For now only Austrian and German residential wood pellet prices are co-integrated while both prices depend on Italian price changes. French pellet prices are influenced from German, Austrian and Swedish prices. Co-integration with oil prices is also expected; in literature a soft indication for the Austrian case is already outlined.
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[bookmark: _Toc451244044]Annex – correlation tables of key findings


[bookmark: _Ref449970012][bookmark: _Toc451244045]Net-trade quantities compared to price differences
Net-trade quantities and price differences between reporter and partner. The first and the fifth column (after the index column) indicate the analysed trade streams. For the first four columns trade to receiving country as a reporter from a sending country as a partner and for the 2nd four columns trade from sending country as a reporter and receiving country as a partner are outlined.[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\allcorrs2016-05-02\NETquant_vs_delta.png]


[bookmark: _Ref449970120][bookmark: _Toc451244046]Trade quantity shares compared to price differences
Trade quantity shares and price differences between reporter and partner. The first and the fifth column (after the index column) indicate the analysed trade streams. For the first four columns trade to receiving country as a reporter from a sending country as a partner and for the 2nd four columns trade from sending country as a reporter and receiving country as a partner are outlined.  
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\allcorrs2016-05-02\quantshare_vs_delta.png]


[bookmark: _Ref449970219][bookmark: _Toc451244047]Trade quantities and exchange rates compared to price differences
Trade quantities and exchange rates between reporter and partner. The first and the fifth column (after the index column) indicate the analysed trade streams. Trade to receiving country as a reporter from a sending country as a partner are outlined.  
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\correlations2016-04-21\xchange_vs_imports.png]


[bookmark: _Ref449970268][bookmark: _Toc451244048]Net-trade values and price differences
Net-trade values (in €/month) and price differences between reporter and partner. The first and the fifth column (after the index column) indicate the analysed trade streams. For the first four columns trade to receiving country as a reporter from a sending country as a partner and for the 2nd four columns trade from sending country as a reporter and receiving country as a partner are outlined.  
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\allcorrs2016-05-02\NETval_vs_delta.png]


[bookmark: _Ref449970287][bookmark: _Toc451244049]Trade quantities compared to trade values
Trade quantities (in kt/month) compared with trade values (in €/month) for arrivals on the left half and dispatches on the right half of the table. The first and the fifth column (after the index column) indicate the analysed trade streams. For the first four columns trade to receiving country as a reporter from a sending country as a partner and for the 2nd four columns trade from sending country as a reporter and receiving country as a partner are outlined.  
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\allcorrs2016-05-02\specCostcalc.png]


[bookmark: _Ref449970043][bookmark: _Toc451244050]Trade quantities and prices of partner and reporter
Trade quantities compared to prices of partner and reporter. The first and the fifth column (after the index column) indicate the analysed trade streams. For the first four columns trade to receiving country as a reporter from a sending country as a partner and for the 2nd four columns trade from sending country as a reporter and receiving country as a partner are outlined.  
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\allcorrs2016-05-02\NETquant_vs_pricesA&B.png]
[bookmark: _Toc451244051]Trade quantity shares and prices of partner and reporter
Trade quantity shares compared to prices of partner and reporter. The first and the fifth column (after the index column) indicate the analysed trade streams. For the first four columns trade to receiving country as a reporter from a sending country as a partner and for the 2nd four columns trade from sending country as a reporter and receiving country as a partner are outlined.
[image: C:\Users\schipfer\Documents\IEA_T40\Tradecosts\forReport\allcorrs2016-05-02\quantshare_vs_pricesA&B.png]
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