Chapter 2
Methods and Related Work

Abstract This chapter gives an overview of related research and outlines the
methods applied in the present study. The study is analysing three real case bio-
mass supply chains with an in-depth assessment of individual variables underly-
ing actual market actions. Because of increasing biomass resources and recent
dominance over pellet imports into the European market, the considered origin
countries are Western Canada, Western Australia, and Northwest Russia. Studied
supply phases include the raw material production and delivery, pellet production,
transport to Europe, as well as delivery and conversion in a coal based co-firing
power plant in the EU. The specific supply costs from origin country to the EU are
derived from current market and country related data. For evaluating the pellets
production and end-conversion in power plants, a full cost account is applied. For
most vulnerable, market-related cost items the imputed risk is evaluated as effect
of underlying price changes in a 3- to 10-year period. Corresponding de-risk strat-
egies are concluded from expert interviews.

Keywords State of research ¢ Case study approach ¢ Cost account ¢ Risk
evaluation

2.1 State of Biomass Supply Chain Research

Since the last 10-15 years, several studies have been dealing with modelling and
optimisation of particular biomass supply chains using GIS models, linear or
mixed integer modelling (see e.g. Freppaz et al. 2004). These all have a specific
focus (e.g. optimisation of logistics, costs or allocation of resources), and respond
to a given framework and several assumptions. That is a local logistics network,
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specific transportation means or the allocation of resources for specific end-use
demand. Though, these models represent the actual market situation only little.

More focussed on actual trade flows, a comprehensive model on biomass supply
chains was accomplished by Hamelinck et al. (2005) comparing different interna-
tional bioenergy chains to Europe with focus on logistics. An evaluation of sup-
ply costs from Argentina to the Netherlands was done by Uasuf (2010). Costs for
the pellet supply from British Columbia to the EU has been assessed before by
Sikkema et al. (2010). In several market reports, the given framework for inter-
national biomass trade and specific aspects like shipping (Bradley et al. 2009) or
equity and investments (Bradley 2010) are discussed. Moreover, in a scenario-
based study Heinim6 (2011) determined critical factors for the future development
of the global (solid) biomass market (Heinimé 2011):

Price competitiveness of bioenergy

Energy policy (subsidies, R&D)

Imbalance between supply and demand of bioenergy (sources)
International agreements

Sustainability issues to the utilisation of biomass

These existing studies serve as profound background and for comparison of
assessed supply chains in this thesis. Nevertheless, so far there has been hardly
any study, which combines an analysis of real case biomass supply with a detailed
assessment of individual variables underlying actual market, regulatory and tech-
nology actions.

2.2 Case Study Compilation

Three different case studies for pellet imports to Europe are investigated for asso-
ciated supply costs from resource origin to end-user in the EU, following the pat-
tern in Fig. 2.1. Studied phases include the raw material production and delivery,
pellet production, transport to Europe as well as delivery and conversion in a coal-
based co-firing power plant, located 75 km from EU import harbour. Because of
increasing biomass resources and recent dominance over pellet imports into the
European market, British Columbia (Canada), Western Australia, and Northwest
Russia are chosen as the case studies (Junginger 2012; Lamers et al. 2012; Roder
2012). They further offer a good comparison as they differ significantly in biomass
source, distance and region.

Related work was accomplished by Hamelinck et al. (2005) comparing differ-
ent international bioenergy chains to Europe with focus on logistics. An evalua-
tion of supply costs from Argentina to the Netherlands was done by Uasuf (2010).
Costs for the pellet supply from British Columbia to the EU has been assessed
before by Sikkema et al. (2010), who already discussed price sensitivities. These
existing studies serve as profound background and for comparison of assessed
supply chains in this work. The present study reassesses the Canadian case
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Fig. 2.1 Outline of pellet supply chain model

because of its prominent role in pellet exports to the EU, in order to vary input
parameters and with the new target to explore price risks along the supply chain.
The pellet production phase and logistic operations are based on typical capaci-
ties and on technology in use in the respective countries. For all chains, two fuel
options are distinguished for drying the raw material: biomass (Bio) and natural
gas (NG). As result, a detailed description of the three pellet supply cases from
resource origin to conversion plant in Europe is presented in Sects. 3.1-3.3.
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Due to high ash contents caused by bark or other impurities, the considered
pellets fulfil the B category according to the current standard for wood pellets (EN
14961-2:2011). Thus, the pellets are suitable for industrial use only. All informa-
tion and calculations in this study are based on the net calorific value of fuels,
which is 4.9 MWh/t for pellets with 6 % moisture content (mc) delivered at the
conversion plant and 7.8 MWh/t for hard coal with <2 % mc. These specifications
reflect average values for the considered fuels.

2.3 Cost Assumptions

The specific supply costs from origin country to the EU are derived from current
market and country-related data. This approach has been applied in several other
studies (Hamelinck et al. 2005; Sikkema et al. 2010; Uasuf 2010). Thereby, costs
of raw material delivered to the pellet plant, transport rates and logistic costs, com-
mon for the specific chain, are requested from transportation operators, bioenergy
traders and experts. The cost term refers to the costs, which occur from the end-
user perspective. By nature, these costs are also composed of prices, such as for
feedstock, fuels or freight rates. Thus, the price influence on costs is examined
subsequently (see Sect. 2.4).

For evaluating the pellets production and end-conversion in power plants,
a full cost account on annual base according to VDI 2067 is applied. This
allows to consider different options for raw material, fuel use and varying other
parameters. Corresponding technology and cost parameters for a 40,000 t/a or
120,000 t/a pellet plant and a 800 MW coal power plant are based on the stud-
ies by Obernberger and Thek (2010) and BMU (2010) and are outlined in the
Appendices (Tables A.1, A.2, A.3). The annual capital costs are calculated accord-
ing to Egs. 2.1 and 2.2.

Capital costs

Ce=1Io - CRF @.1)

where Cc is the capital costs, /p the Initial investment costs and CRF the capital
recovery factor.

Capital recovery factor

(L+)"-i
CRF = ——
1+H"-1 (2:2)

where i is the interest rate of the project, and # is the lifetime of equipment.

The electricity production costs (without heat extracts) are calculated according
to Eq. 2.3.

Levelised costs of electricity

_CctoM  Cr
T E 1 - 0.0036

+ CO; costs (2.3)

el
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TalLle 2.1 Currency for th 1 € corresponds to Currency
E
exchange rates to Buro forthe 773 Australian dollar: AUS-$
year 2011 X
1.38 Canadian dollar: CAN-$
40.88 Russian rouble: RUB
1.39 US dollar: US-$

Source Eurostat (2012a)

where C,; are the levelised costs of electricity [€/kWh], OM are the annual costs
for operation, maintenance and other costs [€/a], calculated as relative share (%)
of investment costs, E is the annual electricity production [kWh], Cr are the
annual fuel costs [in € per primary GJ], n is the efficiency of the plant [%], and
CO; costs are the charged EU emission allowances for combusting the used fuel
[€/kWh].

In this work a 10 % co-firing of pellets (80 MW, installed biomass capacity) is
regarded as technically viable. Assumed extra costs due to co-firing pellets can be
found in the Appendices (Table A.2).

The underlying cost data for energy conversion are adjusted using current fuel
prices (EEX 2012a, b). The allocated CO, emissions from combustion of hard
coal are calculated according to the EU's emission trading system (EC 2007). All
calculations are estimated in € using the exchange rates for 2011 (see Table 2.1).
VAT, profit margins or supply charges are not included. The results are pre-
sented either in €/t pellets (delivered at import harbour or conversion plant) or in
€/MWhg converted energy. The resulting structuring of cost data along the supply
chain in Sect. 3.1-3.3 is inspired by Sikkema et al. (2010).

2.4 Evaluation of Price Risks

2.4.1 Methodology for Evaluating 10-year Price Variations

The defined supply costs are basis for evaluating market risks in the supply chain.
Thus, for most vulnerable, market-related cost items the imputed risk is evalu-
ated as effect of underlying price changes. This is a common approach during cost
accounting for entrepreneurial activities. That means, based on historical price
variations within one contractual period, the expected losses or revenues for the
future period can be extrapolated (Mumm 2008). Certain attempts of this approach
have been performed for individual price effects by Sikkema et al. (2010) or in
connection with sensitivity analyses by Uasuf (2010). Sikkema et al. (2011)
further explored the general market and trade conditions and prospects of the
European pellets market. Anyway, so far there has been no comprehensive price
risk analysis for pellet supply chains.

First, most relevant price variations within the recent 10 years are identified and
determined. The 10-year period covers the time frame the pellet market has just
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Fig. 2.2 Considered price indices for modelling price fluctuations along pellet supply chains
destined for EU co-firing

evolved. Hence, a straightforward and unambiguous statistical analysis is applied
by assessing the range of price variations as factors of total supply chain costs.

As shown in Fig. 2.2, different price indices along the supply chain have been
identified. The stated data series for a 10-year period are inflation-adjusted using
the relevant consumer price indices (Eurostat 2012b).

Based on the evaluated costs for Canadian, Australian and Russian pellets
exported to the EU, the total supply costs free conversion plant are assumed to be
arithmetic mean. With that, the relevant price variation—in terms of their standard
variation or range—is charged as multiplier of the respective cost share in the sup-
ply chain (see Egs. 2.4 and 2.5). In that way, the price effect of each factor on total
costs can be revealed.

Supply costs subject to standard variation of price index xp

n
— +/- .
CTotal(x,a;;/‘) =Cx- (1 Toy ) + Z Ci (2.4)
i=1,i#x

where C,, +/-, are the total supply costs, which are subject to the standard
.. Toral(xax' ) . . I . .
deviation of price index xp in cost item Cy[€/t], o3~ is the negative (—) or posi-
tive (4) standard deviation of index xp, described as percentage of arithmetic
mean of index xp [%] and C; are the cost components 1 to n in the supply chain
[€1].
Supply costs subject to lower and upper range limit of price index xp

n
— +/= .
CTotal(x,R};/‘) =Cx Ry~ + Z Ci (2.5)
i=1,i#x
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Fig. 2.3 Considered indices and prices for simulating 3-year-price fluctuations

where CTozal(x,R;;/ B

or higher (Ry,™) range of price index xp in cost component x.
The corresponding results are described in Sect. 4.2.

are the total supply costs, which are subject to the lower (Rx_p)

2.4.2 Methodology for Evaluating Recent 3-year
Price Variations

After the observation of long-term price variations, actual price changes in the
3-year period from 2008 to 2011 are investigated. A period of 3 years complies
with the typical (long-term) planning and contracting horizon of pellet producers
and end-users (Alakangas et al. 2012; Sikkema et al. 2011).

The simulation of the recent 3-year variations reflects the cumulative annual
price changes due to raw material prices, exchange rates and ocean shipping rates
as the most crucial price factors (see Fig. 2.3). Apart from that, all other costs are
assumed to be constant as defined for 2011, the “base price” (see Sect. 3.4). The
EU pellet market price for imported pellets reported by APX (2012) serves as
reference.

For actual pellet feedstock price variations (see Sect. 4.1.1. for explanation) the
use of alternative assortments is considered. Due to higher quality, the delivery
over long distances or demand from other industries, this feedstock is associated
with higher purchase prices, see Table 2.2. For Australia, the case of cheaper alter-
native sawdust at minor costs is investigated as well (May 2012).

The results of the 3-year price simulation are displayed in Sect. 4.3.
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Table 2.2 Price variation of raw material in the case study countries

Country Price changes Unit and biomass Sources
(in brackets the base assortment
price considered for cost
analyses in Sect. 2.3)

Canada 65 (32) €/tary harvest residues Bradley (2012),
Murray (2012)
Russia 40 (22) €/tqry sawmill residues  Cocchi et al. (2011)
purchased
Australia 70 (39) €/tgry low value Clean Energy Council
plantation whole tree (2010) Stucley et al.
chips (assumed) (2012)
11 €/tary sawdust May (2012), Clean Energy
Council (2010)

2.4.3 Expert Interviews on Supply Risks
and De-risk Strategies

The risk analysis is complemented by personal communications with pellet market
actors and related literature regarding their evaluation and hedging mechanisms
against price risks in international biomass trade. The interviews were conducted
face-to-face or via e-mail, following a semi-structured guideline. For confidential-
ity reasons, interview results containing potential sensitive data are indicated in
aggregated form (Interviews 2011-2013). With these, insight is gained into possi-
ble hedging and contractual provisions to catch arising price gaps. Resulting find-
ings can be found in Sects 4.1 and 4.4.
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