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Preface

Natural gas imports are of vital importance to the German economy, while calls for
diversification of Russian imports are intensifying. Because a reliance on Russian gas imports
raises energy security concerns to many, the aim of this thesis is to assess the effectiveness of
supplier diversification. The relationship between diversification and import risks is
established by implementation of a portfolio model isolating systematic and specific risks of
the German import portfolio over the period from 2000 to 2015. The results indicate high
systematic risk in 2009 as well as lower yet slightly increasing specific risks with amplitudes
in 2011 and 2014. Hypothetical changes to the import portfolio are applied to identify the
potential of a set of diversification strategies. It is demonstrated that by a 15 percent point
diversification of Russian imports to other supplier countries the specific risk of the portfolio
can be reduced by 13%, whereas the grade of reduction depends on a risk assessment of
current and potential suppliers.

Corresponding to section 8.2 of the Guide for the Master Thesis, this thesis is written
as a scientific article preceded by an introductory chapter. The layout of the article is oriented
towards the guidelines of the journal Energy Policy, which can be found in the appendix of
this work. The preceding introductory chapter aims at providing additional insights into the
study’s background and its theoretical frame while also commenting on applied

methodologies and limitations.
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Part 1: Introduction

The introductory chapter of this thesis lays special emphasis on the presentation of
foundational elements of the succeeding article, while further outlaying its theoretical
background, providing for a reflection on used methodologies as well as for an analysis of the

article’s limitations.

1 Background and theoretical frame of reference
1.1 Growing significance of gas supply in Germany

Because the supplier portfolio is not merely an elementary part of the analysis but also
a motivational factor for the creation of this study, the introductory chapter starts with an
analysis of the growing importance of gas imports and historical diversification among
suppliers. Next pricing of natural gas imports is examined after which the applied portfolio
model is integrated in its theoretical context of measuring energy security.

Figure B.1 (appendix B) shows the increasingly significant role that natural gas plays
in Germany’s import of energy sources. While in the year 2000 the import share of natural
gas amounted to 22.5% in gross imports, this figure grew to 30.6% in 2015 (AGEB, 2018).
Figure B.1 further indicates a decreasing import share of nuclear energy as well as a still
significant yet reducing role of crude oil imports. Figure B.2 indicates that the growth in
relative import shares of natural gas is also mirrored by rising absolute import quantities.
While Germany imported a total of about 796 TWh of natural gas in 2000, this figure had
grown to about 1190TWh by 2015 (BAFA, 2019)*. In addition to an already apparent growth
in natural gas imports Germany’s energy transition and the coal phase-out are believed to be
leading to further demand growth in the future (Strunz and Gawel, 2016). The role of gas is
thereby manifested because of gas power plants’ integral part in Germany’s double-structure
buffering system used for balancing the intermittency of renewable energy because of their
quick response time (Sinn, 2017).

At times of increasing significance of gas supplies however, the share of domestic
production decreased from 25% in 2000 to only 6% in the year 2015 (BAFA, 2019).
Furthermore, in 2015 about 97.5% of Germany’s annual gas imports were sourced from the
three countries Russia, Norway and the Netherlands alone (BAFA, 2019). Figure B.3

! Conversion according to Norwegian Petroleum Directorate, see appendix E



indicates that over the period from 2000 to 2015 the German natural gas import portfolio
experienced only little variation. While overall a slight increase in Norwegian imports is
observable, the share of Russian gas imports to Germany decreased from making up about
45% in the year 2000 to 34.6% in 2015 (BAFA, 2019). Alas, although still publishing
statistics on total import quantities, no official government data is available on details of the
natural gas supplier composition past 2015.

While a first look might indicate a slight improvement in diversification by
increasingly equal shares of suppliers (Figure B.3), imports remain clustered among only
three main suppliers throughout the entire timeframe of this study. Furthermore, the
discontinuation in publishing of details of the supplier composition after 2015 coincides with
a potential increase in the market share of Russian supplies. A combination of official total
import numbers for 2018 with Gazprom’s export statistics suggests that Russian imports to
Germany in 2018 could have amounted to a record level of about 53% (BAFA, 2019)
(Gazprom Export LLC, 2019). Alas, Germany’s federal office for economic affairs and export
control (BAFA) has stated that for the years following 2015 the origin of gas imports will not
be published due to privacy regulation. Although highly indicative, it therefore remains to
some extent unclear whether import levels past 2015 also led to an increase in the relative
supply share of Russian imports to Germany.

Whereas energy policy has long been considered merely a matter of national interest,
member states of EU today seek to establish a joint European energy policy as well. Supply
security is to be enhanced by diversification of supplier countries and routes as well as by the
creation of an internal energy market with infrastructure links (European Commission, 2014).
Criticism that a conceivable growth in Russian imports because of the Nord Stream |1 pipeline
could provide Russia with political leverage over Germany and threaten the diversification
goals of the EU (Hedberg, 2017), might indicate that European market integration has not
reached a satisfactory level. Supply diversification therefore remains a matter of national
interest, while decreasing imports from the Netherlands as a consequence of the phase-out of
the Groningen field (van ‘t Hof, 2018) are making the need for supplier diversification even
more apparent.

It becomes clear that the question of supply diversification, besides its economic
implications, also touches upon a wide political debate. While this discussion certainly played
arole in drawing interest to the investigated subject matter, the article itself aims to provide

for an economic angle on the question of natural gas supplier diversification only.



1.2 Changes in European gas price formation 2000 - 2015

Over the analysis timeframe of this study major changes in the pricing of natural gas
in Europe occurred. When first discovered in the Netherlands and in the North Sea in the
1960s, production and transport of natural gas reserves required the construction of transport
infrastructures and pipelines. The necessity for transport infrastructures for gas contributed to
the existence of multiple physically-separated trading theatres and the absence of a unified gas
market in Europe. Because of large financing costs needed for these pipeline infrastructures
buyers and sellers alike yearn for security which greatly impacts the pricing of natural gas.
Exchange of natural gas therefore traditionally makes use of long-term contracts (LTCs),
whereby over a specified timeframe minimum and maximum delivery quantities are specified.
As individual and private agreements, these contracts serve as a mechanism of sharing
business risk between supplier and buyer to avoid opportunistic behaviour through vertical
integration (Treeck, 2009).

With regard to price setting in LTCs, the emergence of natural gas initially as a by-
product and to an extent replacement fuel for oil lead to the occurrence of oil-indexation in
natural gas pricing. Hereby the price in contracts for gas is linked to relative price
development of replacement fuels such as gasoil or heavy fuel oil (Konoplyanik A. , 2018). A
basic example of an indexation formula using light fuel oil and gas oil as benchmarks is the
traditional Groningen formula, after which the price for oil is to 60% percent determined by
price changes of light fuel oil and to 40% to the development of heavy fuel oil (Konoplyanik
A., 2010). While the Groningen formula is the basic example for oil-indexation in natural gas
pricing, indexation to price developments of other energy commodities such as crude oil, coal
or electricity exist as well. The United Kingdom for instance, having already liberalized its
gas market in the late 1980s, traditionally shows larger degrees of gas-indexation to its own
gas hub, the Natural Balancing Point (NBP) (Konoplyanik A. , 2010).

Important to the mechanism of LTC formulas is that not daily price changes of index
fuels are applied to the pricing of gas, but rather average prices of a longer reference period.
After all, the need for appliance of an LTC stems from companies’ need for reliance and a
desire to share business risks. Figure 1 indicates the basic mechanism of an indexation
formula, in which over a specified reference period price developments of index commodities
are measured. Separated by a lag period, measured prices are then applied for the duration of
a specified application period, adjusted on a regular basis.

Surging oil prices before the financial crisis of 2008 however, led to a decoupling of

oil and gas prices largely prevailing to the present day. Prices for oil and gas as traded on



energy exchanges further diverged in 2012, leading gas importers to demand renegotiations of
contracts and the appliance of larger degrees of gas indexation (Franza, 2014). The transition
towards gas-indexation marks an increase in transparency because instead of price changes in
other energy commodities now actual demand and supply of natural gas are the primary
drivers of price behaviour. While German hubs are growing in traded volumes, contracts in
the European market have to a larger extent historically been indexed to the prices of the more
mature energy hubs of the Dutch Title Transfer Facility (TTF) or the beforementioned British
NBP (IGU, 2018).
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Reference period: 1 calendar year (3-5- years) => 6-9 months sliding scale
Application period: 1 calendar year => 3 months sliding scale
Lag period: few weeks/months => zero

Figure 1: Basic mechanism of an indexation formula (Konoplyanik A. , 2010)

Figure 2 shows the trend towards gas-indexation, whereby gas-on-gas competition in
addition to gas-indexation also includes an increasingly important share of spot prices in the
pricing of natural in Europe (Orlova, 2017). Changes in pricing behaviour find their
representation in shifting strategies of industry players such as Equinor, formerly Statoil.
Similar to Shell, Total or BP, Equinor has transitioned from a pure production strategy to an
integrated production, supply, trading and marketing strategy (Chi-Chyong, 2015). Goals of
this strategy include the reduction of earnings volatility and the capturing additional value by
increasingly including spot-indexation (Chi-Chyong, 2015). While Equinor until the year

2017 for the largest part had already transitioned from oil-indexation to gas-indexation in



LTCs (Equinor, 2018), Gazprom for the first time was selling gas via an auction process at a
higher price than in LTCs in September 2015 (Hafner and Tagliapietra, 2017). This is
especially remarkable as only in 2010 then-deputy CEO Alexander Medvedev noted that
using spot prices was insufficient when planning investments and pipelines would not be built
and gas not produced if not previously sold (Konoplyanik A., 2010). Although Gazprom long
resisted a reduction in oil-indexation, in 2018 the share of oil-indexation in the export
portfolio had reduced to only 20% (Interfax Europe, 2018). Changes in pricing behaviour of
both Gazprom and Equinor are thereby of great importance for German gas supply, as the
combined export volumes of both companies’ host countries contributed an average of 72.2%
of total German natural gas imports over the period from 2000 to 2015 (BAFA, 2019).
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Figure 2: The demise of oil price escalation and the emergence of gas-on-gas competition in Europe (Orlova, 2017)

Germany states the importance of stable relationships to suppliers and of long-term
supply contracts in guaranteeing security of future gas supplies (BMWi, 2018). As pointed
out however, scholars argue that new LTCs will be shorter, much more flexible than their
predecessors and bound to hub-based prices (Stern and Rogers, 2011). It therefore remains to
be seen whether a switch to gas-indexation and growing spot-driven contracts can deliver on

the promise of ensuring greater security in gas supplies.



1.3 Theoretical frame: Measurement of energy security

A theoretical starting point in the creation of this study has been the work of Mansson,
Johansson, & Nilsson (2014), providing for an overview of methodologies previously applied
for the quantitative measurement of energy security. According to Mansson et al. (2014) a
variety of methodologies exists for the analysis of energy security because reaserchers stem
form different scientific fields. Because of their different background researchers may use
approaches stemming from the fields of economics, engineering, political and natural science
(Mansson et al., 2014). However, no unige and best way of measuring energy security exists
and model suitability is ascribed by the research question. Besides an economic approach
taken by this study, studies from engineering for instance can be pointed at the analysis of
reliability of power systems, while research from political science could center around
international relations and distribution of power (Mansson et al., 2014). Economic approaches
are thereby recognized for their objective of monetizing risk effects such as macroeconomic
welfare effects. Besides a variety of methods drawing form a multitude of research
disciplines, also choices exist as to which focus point the analysis of energy security is to be
applied at.

According to Mansson et al. (2014) measurement of energy security can be directed at
either the supply of primary energy, the supply from the upstream market or at the domestic
market and infrastructure. Figure 3 indicates these different measurements points, whereby
integrated methods denote those methods streching in their analysis over muliple focus points
of the energy supply chain.

4.4 Economic Vulnerability

4.1 Supply of 4.2 Upstream market 4.3 Domestic market
2 i : & infrastructure

primary energy

4.5 Integrated methods

Figure 3: Evaluating energy security along the supply chain (Mansson, Johansson, & Nilsson, 2014)



Because, as outlined in section 1.1, Germany’s domestic production of natural gas
reduced to making up only 6% of total annual consumption in 2015 (BAFA, 2019), estimating
energy security by measuring the endowment with primary energy recourses would serve to
be futile. Besides an analysis of the resource supply from the upstream market applied in this
study, also domestic market and infrastructure are suggested measurements points. Little risks
from domestic market infrastructures however are suggested by the fact that Germany shows
fewer than two minutes of average supply disruption per end consumer between the 2006 and
2017 (Volk, 2018). This small rate of disruption is made possible by Germany’s operation of
47 natural gas underground storage facilities with a combined capacity of about 255.6 TWh.
(INES, 2018). Equating about 22% of yearly gas imports in 2015, gas storage facilities
therefore play a large part in securing Germany’s natural gas supply from a domestic
perspective by buffering out seasonality and demand peaks.

Although, because of this storage capacity, Germany might be able to withhold a
supply disruption for some time, dependence on foreign imports and supplies from the
upstream market constitute the largest identifiable risk factor in the supply chain. Considering
the upstream market as a focus point research points out that a country’s vulnerability to
supply disruption can be reduced by diversification in supply sources (Cohen, Joutz, &
Loungani, 2011). Numerous studies have therefore adopted diversification indices originating
from financial portfolio theory such as the Herfindahl-Hirschman index (Blyth and Lefevre,
2004) (Le Coq and Paltseva, 2009) or the Shannon-Weiner concentration index (Neumann
A., 2007) . According to the basic mechanism of a concentration index, higher supplier
concentration in the market yields higher values for the corresponding concentration index
and therefore higher risks. Blyth and Lefevre (2004) further suggest that a country’s size and
the magnitude of imports can be a significant factor in import vulnerability, which would
imply increasing risks for the German import portfolio. When analysing energy security for
natural gas imports in OECD countries, it has been shown that an increased supplier
diversification in combination with high importance of natural gas in world energy use
suggests an increase in overall energy security (Cohen et al., 2011).

Besides risk reduction through diversification Mansson et al. (2014) also suggest an
analysis of reliable supply and transit routes. This approach for instance taken by Le Coq and
Paltseva (2009) adds political stability factors and bargening power assessments between
importers, exporters and transit countries to a diversificaion assessment. Most relevant for this
study however is the suggestion of risk reduction through financial portfolios, further outlined

in the following section.



1.4 Measuring import security with a portfolio model

As pointed out by Volk (2018), natural gas end consumers in Germany annually
experienced fewer than two minutes of average supply disruption between 2006 and 2017.
Therefore, while clearly indicative of disruption risk, a concentration index alone might be
insufficient in expressing also those types of risks present before an entire discontinuation of
supply form a specific supplier country or a disruption to end consumers comes into
existence. Lesbirel (2004) suggests the analysis of market prices as an indicator for risks,
because of their representativeness for supply disruptions. A supply disruption can be
described as any incident bringing an imbalance to supply and demand in the market. This
imbalance could be the consequence of either politicisation of the energy market therefore a
political decision, a market event or a random accident, whereby simultaneous disruptions
from multiple supply sources are possible (Lesbirel, 2004). Wieczorkiewicz (2014) similarily
states that gas prices can surge in case of a supply shock (Wieczorkiewicz, 2014). Thus,
prices might be indicative of disruption risks which the level of diversification alone might
not be able to fully express, partly due to Germany’s high level of natural gas storage.

The application of a portfolio model for the quantification of energy security is
recognised for its ability to separate specific risks from systematic risks, while an underlying
assumption is that historical volatility provides for a valid representation of future risks
(Mansson et al., 2014). Figure 4 indicates these risk components of the portfolio model,
whereby boxes with vertical lines represent exporters, those with horizontal lines represent
importers and the market is represented by a dotted area. Mansson et al. (2014) also identify a
third risk category referred to as the systemic risk, which describes the risk of market collapse

originating from unstable or metastable systems.

Specific risk Systematic risk Systemic risk
>
w3 A
Iﬂ "
K-> a5
R

£

Figure 4: Specific and systematic risks (Mansson et al., 2014)



Portfolio models find their typical application in financial theory where a set of more
and less risky assets is to be examined for its integration in a portfolio. A transfer of this
approach to energy markets consequently allows for an examination of different choices of
supply sources and the relationship between diversification and energy security risk (Lesbirel,
2004). A basic conception is that the risk of a combination of import sources in a portfolio can
differ from the risk of relying only on one particular supply source. Within the analysis of
import risks with a portfolio model, the separation of systematic and specific risks results
from an analysis of market prices against import prices. Because market prices can surge as a
result of a supply shock (Wieczorkiewicz, 2014), their measurement allows for an esimation
of systematic risks. A disruption has been identified as any imbalance between supply and
demand and could therefore find its origin not only on the supply side of the market, but also
on the demand side. An abrupt decline in demand as a consequence of a policy measure for
instance could trigger a disruption leading to an imbalance to the market equilibrium. Prices
are capable of reflecting imbalances on both the supply- and the demand side and are
therefore reflective of the risk of disruptions (Lesbirel, 2004). Building on the understanding
that diversification can principally reduce the risk of disruption from a particular supply
source, the applied portfolio approach uses price variance as a measure for risk.

Systematic risks are thereby described as those risks which are fundamental to the
underlying market. Because all suppliers in the market are affected by it, diversification of
supply sources cannot reduce systematic risk, which is therefore oftentimes referred to as
undiversifiable risk. A cold winter across Europe for instance could lead to an increase in gas
demand and thus price increases across the whole European market. Because market prices of
all suppliers are likely to be affected, diversification cannot mitigate systematic risk.

Deviations from market prices are indicative of risk elements not experienced by other
importers or the underlying market. Specific risks are inherent to a specific supply source for
which diversification is effective in its mitigation. A supply disruption from a particular
supply source for example could be the result form an accident or a politically-motivated
supply stop. Because it is not impacting the behaviour of other supply sources and the
underlying market specific risk is also referred to as diversifiable risk (Lesbirel, 2004).

Thus, the overall portfolio of Germany’s natural gas imports encompasses both an
unavoidable risk component due to market exposure and a risk component specific of the
German import portfolio. As pointed out, portfolio models are capable to indicate the risk of
disruptions through the analysis of market- and import prices. Compared to simple measures

such as diversification indices for instance, “portfolio measures provide a much more



theoretically and methodologically robust indicator of energy import security” (Lesbirel,
2004, p. 1). Research on the impact of supply diversification on crude oil import risk indicates
that diversification of supply sources contributes to import risk mitigation (Wabiri and
Amusa, 2010). It is further stated however, that should this diversification lead to an increased
supply from “relatively risky oil producing regions”, the specific risks of South Africa’s oil
imports in this example can also be enhanced. When applying a portfolio approach for gas
imports, peculiarities of the gas market need to be considered. While Wabiri and Amusa
(2010) refer to the price of Brent crude oil in order to derive an understanding of the
relationship between variations of local import prices and those of globally-traded oil prices,
no such unique market price exists for the relevant German gas market. Extending the work of
Wabiri and Amusa (2010) the methodology of this study therefore includes the modelling of

relevant market prices to allow for an analysis of natural gas import risk.

2 Methodological assessment

2.1 Data

Data on Germany’s natural gas imports is thereby derived from Germany’s federal
office for economic affairs and import control (BAFA). Besides border crossing prices until
2018, also details on the supplier composition until 2015 are available from BAFA. After
2015 however, no information on the composition of the supplier portfolio is available,
marking 2015 as the latest year of analysis.

Data on analysed futures contracts is derived from Quandl, a commercial data provider
also offering free data sets?. Raw data on futures contacts derived from Quandl originates
from data published by the Intercontinental Exchange (ICE), whereby single contract data for
delivery in a specific month (e.g. January futures) is aggregated in a continuous contract as
outlined in the succeeding article. Quandl was chosen as a data provider because via the ICE
itself only data on currently-traded contracts is freely-available. Similar to other trading hubs
or data providers such as the European Energy Exchange, ICIS or the CME group, the ICE
offers historical trading data only against a substantial free, arguably suitable for professional
traders but in its extent highly inadequate for the purpose of a master thesis. Testing data
derived from Quandl against recent data publicly available on the ICE’s websites also
indicated conformity between data published by the exchange itself and the aggregate Quandl
data.

2 See https://www.quandl.com
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2.2 Modelling of market price basket

As outlined in section 1.2, over the period from 2000 to 2015 natural gas pricing
transitioned from oil-indexation towards gas-on-gas competition, i.e. the inclusion of gas
indexation and spot-prices in the pricing of natural gas. Because no single index or market
price would be representative for effective market prices for the entire timeframe of analysis,
the study models an evolving market price basket. This price basket is based on the
beforementioned changes in natural gas pricing in Europe and therefore reflects relative price
changes of a changing selection of indexation fuels. Konoplyanik (2018) was instrumental in
the basic design concept of the index basket, for which ICE’s low sulphur gasoil futures were
integrated as a representative of light fuel oil.

Alas, no sufficient data on heavy fuel oil was available, leading to the integration of
Brent crude oil futures as the second index element in the applied LTC formula. The third
element used in market price modelling are UK natural gas futures (NBP). Figure 5 shows
trading volumes of European gas hubs between 2007 and 2013. While the German hubs
NetConnect Germany (NCG) and GasPool (GSL) only in more recent years show increases in
trading volume and no sufficient data for them was available, the study uses the British NBP,
which has long been the reference point for European hub prices, much like Henry Hub in the

United States of America.
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Figure 5: Trading volume of European gas hubs (Petrovich, 2014)

Because, as previously outlined, natural gas pricing in Europe shifted towards hub-

traded prices, the modified market price changes in its composition accordingly. The usage of
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NBP futures as a price indicator for German market prices can be considered reasonable
because of overall high correlation, although decreasing after 2013, with newly-developing
German hubs (Petrovich, 2014). As indicated by Figure 5, the British NBP also shows the
largest trading volume of all European gas hubs until 2016 (Heather and Petrovich, 2017).
GasPool futures data started to be available from the beginning of 2013 suggesting
replacement of NBP futures for the later years of the analysis timeframe. However, testing for
correlation between continuous futures data on GasPool and NBP between 2013 to 2015
indicated a price correlation of 97.9%. Therefore, no substitution was applied and NBP
futures continued to function as a proxy for spot price elements in the modified German gas
market prices.

A multitude of LTC formulas exist, corresponding to the mechanism outlined in
Figure 1. Between other formulas applied in private contracts such as 3-1-1, 6-1-1 or 6-3-3
(Muller, Hirsch, & Miiller, 2015), the chosen formula was selected for goodness of fit (R?) to
German import prices. Because only one formula could be applied acting as a proxy for the
multitude of actually-applied formulas in the market, possible changes in formulas applied by
private companies in the market over the analysis timeframe cannot be accounted for. The
applied 6-3-1 type formula however, to which details can be found in the main article (section
2.2.1) as well as in appendix B, acts as an aggregate estimation of formulas applied by
companies in the market.

Figures 6 and 7 show the modelling of market prices according to the outlined changes
in natural gas pricing. First (Figure 6) indexed components are aggregated to a cumulative
price index capturing the relative price development of Gasoil, Brent and NBP futures. The
share to which each component is represented in this indexation basket is oriented towards the
outlined changes in natural gas pricing. A figurative description of the share of index
components in the indexed price component is available in Figure B.2. Secondly, Figure 7
depicts the mechanism of the applied 6-3-1 formula for completion of the calculation of the
indexed price component. It must be noted that reference, lag and application period are equal
for all indexed price components. Lastly, for calculation of the final market price the indexed
price component is combined with a spot component mirrored by NBP futures for next month
delivery. In the aggregate futures data a current day’s market price thereby corresponds to the
futures price for a contract with equal delivery in the succeeding month. The increasing share
of the spot component (Figure B.2) is combined with the indexed price component which was
previously brought to absolute terms by multiplication to the average January price of 1999
UK natural gas futures (NBP).
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LTC to Spot Final Price
Indexation  Spot price co| NBP GBP Gasoil Brent LTCINDEX Index Gasoil Brent NBP
Apr 87,5% 13% 423% 575% 597% 570%) 513,73% 45% 45% 10%
Mai 86,7% 13% 374% 565% 570% 548%) 516,75% 45% 45% 10%
2006 Jun 85,8% 14% 391% 571% 565%) 550%) 519,58% 45% 45% 10%
Jul 85,0% 15% 417% 583% 606%)| 577% 521,31% 45% 45% 10%
Aug 84,2% 16% 374% 587% 597% 570% 519,07% 45% 45% 10%
Sep 83,3% 17% 416% 516% 508% 503% 526,89% 45% 45% 10%
Okt 82,5% 18% 513% 495% 478% 489% 542,74% 45% 45% 10%
Nov 81,7% 18% 505% 479% 475% 480% 543,34% 45% 45% 10%
Dez 80,8% 19%! 417% 484% 493%} . 45% . 10%,
Jan 80,0% 20%) 313%1 442%l 431%! =Z104'T104+AA1b4'U104+S104‘A8104 | 45%| 10%1
Feb 80,0% 20% 201% 463% 459% 435% 471,77% 45% 45% 10%
Maér 80,0% 20% 209% 477% 489% 455% 464,24% 45% 45% 10%
Apr 80,0% 20% 174% 502% 521% 478% 448,19% 45% 45% 10%
Mai 80,0% 20% 236% 507% 519% 485% 440,14% 45% 45% 10%
2007 Jun 80,0% 20% 198% 532% 552%| 508%) 414,58% 45% 45% 10%
Jul 80,0% 20% 299% 544% 585%| 538%) 428,63% 45% 45% 10%
Aug 80,0% 20%) 264% 532% 542% 510% 420,09% 45% 45% 10%
Sep 80,0% 20% 337% 570% 578% 550% 435,27% 45% 45% 10%
Okt 80,0% 20% 474% 580% 603% 580%| 466,13% 45% 45% 10%
Nov 80,0% 20% 522% 651% 657% 641% 490,94% 45% 45% 10%
Dez 80,0% 20% 518% 632% 651% 630%, 500,16% 45% 45% 10%

Figure 6: Example in the process of market price modelling: Calculation of LTC index

Final Price LTC PRICE INDEX
LTCINDEX Index Gasoil Brent NBP

570% 513,73%) 45% 45% 10% Apr 526,72%
548% 516,75% 45% 45% 10% Mai 538,71%
550% 519,58% 45% 45% 10% 2006 Jun 540,80%
577% 521,31%| 45% 45% 10% Jul 539,74%
570% 518,07% 45% 45% 10% Aug 546,37%
503% 526,89% 45% 45% 10% Sep 549,00%
489% 542,74% 45% 45% 10% Okt 549,08%
480% 543,34% 45% 45% 10% Nov 552,04%
481% 531,20%) 45% 45% 10% Dez 558,24%
424% 504,96% 45% 45% 10% Jan 552,90%
435% 471,77%) 45% 45% 10% Feb 539,49%
455% 464,24% 45% 45% 10% Mar

478% 448,19% 45% 45% 10% Apr |=MITTELWERT{V28‘V103)
485% 440,14% 45% 45% 10% Mai 491,24%
508% 414,58% 45% 45% 10% 2007 Jun 468,77%
538% 428,63% 45% 45% 10% Jul 460,92%
510% 420,09% 45% 45% 10% Aug 459,01%
550% 435,27% 45% 45% 10% Sep 459,85%
580% 466,13% 45% 45% 10% Okt 464,21%
641% 490,94% 45% 45% 10% Nov 483,16%
630% 500,16% 45% 45% 10% Dez 495,58%

Figure 7: Example in the process of market price modelling: Reference period, lag and application of the LTC formula.

Because the final market price is bound to this average price, the modified market
price is rather inapt for a comparison of absolute price levels to Germany’s border crossing
prices at specific points in time. Although representing the most fluidly-traded European gas
hub, average prices for the UK in 1999 have only limited representativeness for actual market
prices in Germany that year. However, bringing the indexed price component back to absolute
terms allows for the integration of spot price components needed for the computation of a
realistic final market price. While relative price changes are sufficient and according to the
analysis of the succeeding article indicative of import prices, the computation of market prices

certainly bases the validity of these market prices on the assumptions of the research referred
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to in the analysis of changes in natural gas pricing (section 1.2). The applied methodology
guarantees however that the outlined mechanism of indexation but also spot price components
can adequately be represented in the final market price. A model relying on only one price
component such as Wabiri and Amusa (2010) and the analysis of Brent crude oil certainly
refrains from possible computation errors. However, the lack of a single significant market
price might be a factor why to the author’s knowledge no comparable study has been
conducted for natural gas in Germany. Furthermore, changes in the composition of market
prices which the modified market price is able to depict might be indicative of changes in

analysed portfolio risk, as outlined in the preceding main article.

2.3 Diversification index

Building on the work of Wabiri and Amusa (2010) the Hirschman-Herfindahl-
Agiobenebo (HHA) concentration index is applied for the measurement of supplier
composition (Agiobenebo, 2004). As pointed out in section 1.3, diversification is adapted for
the measurement of energy security in numerous studies, whereby typically the traditional
Hirschman-Herfindahl index (HH) is applied. Figure 8 indicates on independent axes a
similar development of diversification of Germany’s natural gas imports by both the HH
index on the right axis and the HHA index applied by this study on the left axis. Because the
HHA index modifies the HH index by taking the square root of the sum of countries’ squared
supply shares (equation (1)), the HHA-index shows a diversification improvement of 1.9%,

while the HH-index shows an overall improvement between 2000 and 2015 of 3.82%.
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Figure 8: The applied Hirschman-Herfindahl-Agiobenebo (HHA) concentration index vs the original
Hirschman-Herfindahl index (HH)

14



2.4 Portfolio model

Because this research aims at providing for an understanding of which effect
diversification in upstream supplier composition has on Germany’s natural gas import risks,
the portfolio model does not take into account the domestic supply of primary energy as well
as the state of domestic market infrastructures. For estimation of import risks the applied
portfolio model analyses diversification in the supplier composition and the relationship
between market- and import prices. Table 1 (Part 2, section 3.2.1) outlines the relationship
between market prices and import prices, whereby a g-coefficient of about 0.9 indicates that
in case of disruptions in the market import prices will closely track the movement of market
prices. Although appearing highly significant with an adjusted R-squared of about 0.98, the
original logarithmically transformed model (equation (2)) shows autocorrelation in the error
terms with a Durbin-Watson d-statistic of about 0.5435 (Figure 9 (STATA data output)).

Durbin-Watson d-statistic( 2, 192) = .5434557

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of LNImport

0.03
0.8723

chi2 (1)
Prob > chi2

White's test for Ho: homoskedasticity
against Ha: unrestricted heteroskedasticity

3.39
0.1836

chi2(2)
Prob > chi2

Cameron & Trivedi's decomposition of IM-test

Source chi2 df P
Heteroskedasticity 3.39 2 0.1836
Skewness 5.52 1 0.0188
Kurtosis 0.61 1 0.4338
Total 9.52 4 0.0494

Figure 9: Statistical tests for the logarithmically-modified model (STATA graphical layout), equation (2)
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The specific risk index of the import portfolio (equation (7)) is driven by error term
variation. Therefore heteroskedasticity is to be avoided to provide for a valid represenation of
the experienced import risks. Figure 9 shows the results of the application of the Breusch-Pagan
and the White test. Both tests indicate that no significant level of heteroskedasticity is present
in the error terms. First-order autocorrelation is adjusted for by a Cochrane-Orcutt
transformation, yielding a new Durbin-Watson statistic of about 1.87 (Table 2). While it is
possible and to an extent likely that correlation also of higher orders might be present because
of the 6-months long reference period in the applied indexation formula, no further adjustments
are undertaken. Figure 10 indicates, that the residuals of the final model adjusted for

autocorrelation of the first order (equation (3)) are normally distributed.

Shapiro-Wilk W test for normal data

Variable | Obs W v z Prob>z

LogCorcResid | 192 0.99340 0.950 -0.117 0.54674

Figure 10: Shapiro-Wilk test for normal distribution

3 Findings discussion

The results show especially high systematic risks in 2009, linked to first surging and
then sharply declining market prices surrounding the financial crisis. Specific risks (about
38.6% of total portfolio risk between 2000 and 2015) are particularly high in 2011, when the
shut-off of eleven German nuclear power plants coincided with oil and gas supply disruptions
to Europe related to the Arab spring. The second highest point in specific portfolio risk is
reached in 2014, possibly linked to that year’s Russian-Ukrainian gas dispute. With a 1.9%
improvement in the applied diversification index only minor changes in supplier
diversification between 2000 and 2015 are observable. As further outlined in section 3.2.2 of
the succeeding article, the analysis shows that because of these only marginal changes in
diversification no relationship between experienced improvements in diversification and
lower specific risks is observable (Figure 18). While the original HH index may indicate a
greater improvement in diversification (3.82%) (section 2.3), mapping historical specific risks
against the development of the original HH index yields the same results (Figure A.2), as the

mapping of specific risks against the applied HHA index (Figure 18).
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Historical portfolio risks can therefore be primarily attributed to market price
variances and error variances. Figure 11 denotes the relationship between the specific risk
index of the portfolio (equation (9)) and the error variance. Because the index term utilizes a
square root in its calculation, the relationship between error variance and the specific risk
index appears to follow a polynomial trend. Two data points stand out, whereby the highest
error variance and thus specific risk is observable in year 2011 and the second highest in 2014
(see Figure 17).
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Specific risk index of the portfolio
.

0.10 @
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0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Error Variance

Figure 11: The relationship between error variance and specific risk index of the portfolio

The discussion of the succeeding paper shows the potential of diversification in
reducing specific risks of the portfolio. When hypothetically transferring percentage points of
the market share of Russian imports to other supply sources, constant and transferrable
market- and import price relationships are assumed. The degree to which diversification
strategies can alter the specific risk of the portfolio is thus dependent on the assigned risk
weights (Table 3 and appendix D). A number of diversification strategies is outlined to assess
the potential of diversification in specific risk mitigation. Thereby a strategy implying equal
25% import shares of all supplier countries yields a 10.7% decrease in specific risks, while an
applied 15 percent point transfer of Russian supply shares solely to other supplier countries
yields a 13% reduction. With the assigned relative risk weight for each supplier country a
maximum reduction in the specific risk index of the portfolio of 15.4% is attainable. Such
reduction in specific risks would hypothetically assume a constant supply share from every

supplier country for every year between 2000 and 2015. This maximum reduction in specific
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risks would require Russian import shares to amount to 18.3%, Norwegian imports to 39.8%,
Dutch supplies to 24.4% and supplies from other supply sources to 17.5%.

Drawing on these conclusions policy makers are encouraged to provide for policy
measures favouring a reduction of import risks. Because natural gas is not imported by the
country as an actor itself but rather by private businesses, the role of the government could be
the setting of suitable financial incentives. These incentives could favour infrastructure
investments such as new pipeline projects whereby the government could act as a guarantor of
loans taken by businesses operating these projects. Because of the decreasing marginal utility

of diversification (Figure A.1), costs and limits of such strategies must be accounted for.

4 Limitations

The applied portfolio model analyses the effect of diversification on systematic and
specific portfolio risks. Mansson et al. (2014) also identify a third risk category, the risk of
market collapse, referred to as systemic risk. Originating from events in instable or metastable
systems, systemic risks are not accounted for in the portfolio model applied in this study
under the assumption of stable systems.

As outlined in section 1.2, this study utilizes a modified market price for the
construction of the portfolio model. While an adjusted R-squared of 0.9837 appears to suggest
that this research-based market price basket is highly indicative of import prices, the market
price remains to an extent assumption-based. Therefore, the portfolio model assumes that the
modified market price acts as if a single market price had been available. The market switch
towards gas-on-gas competition in natural gas pricing is undertaken to increase price
transparency with prices being linked to actual supply and demand. The development of UK
natural gas futures prices (NBP) might especially in 2005 and 2007 show developments
specific for demand and supply of natural gas in the United Kingdom only (Conforto, 2010),
with only limited viability for market prices in Germany. Over the entire timeframe of the
study NBP futures can be regarded as a valid price component however, not only because of
limited usage of NBP prices in the calculation of the German market price basket in 2005 and
2007. Also high correlation with German hubs between 2013 and 2015 (97.9%) and the
highest trading volume of all European gas hubs during the study’s timeframe justify the
adequate appliance of NBP prices. As discussed in section 2.4 autocorrelation of the first
order is corrected for by applying the Cochrane-Orcutt method. Autocorrelation, arguably to a

lesser extent, of higher orders can however not be ruled out in the market price term because
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of the 6-months long reference period applied in the indexed price component. When
implementing German hub prices and computing a basket price, further research might test if
similar behaviour in prices exists also with data accessed directly from the ICE, while the
succeeding study can only access ICE data freely-available via Quandl because of financial
restrictions.

Risk weights (appendix D) applied according to an assessment of supplier countries’
perceived performance towards the 4A concept of energy security play a significant role in
assessing the limits and the potential of diversification strategies. While they allow for a
quantitative expression of supplier risk weight in the portfolio model, they constitute a
subjective judgment. As suggested by some, alternative judgment criteria for the selection of
supplier routes could also centre around transit risk and accessibility factors (Ritter, 2011) or
use other metrics such as the International Country Risk Guide (ICRG) applied by Cohen et
al. (2011). Especially the category Availability in the applied analytical hierarchical process
(appendix D) leaves room for debate as to which extent decision makers in the past were able
to foresee the full scope of their future gas availability (e.g. phase-out of the Groningen field
in the Netherlands).

The applied portfolio model analyses the historical supplier composition in the context
of historical prices. In order to assess the extent to which diversification can mitigate import
risks it is assumed that the relationship between the number of suppliers and prices, but also
the relationship between market- and import prices is constant when applying hypothetical
shifts to the supplier portfolio. The analysis of diversification in the reduction of risks is
limited because of this assumption of transferability of the relationships because it only
allows for variations in the historical supplier set to be tested. The analysis of historical risks
applies relative risk weights for existing suppliers and therefore the same model only allows
for those changes to be tested for which are applied to the existing supplier portfolio. Clearly,
the inclusion of new supplier routes such as LNG supplies would yield additional benefits to
specific risks, which might have to be measured for by application of another model.

Because energy- and import security can be assessed in multiple ways, the study does
not claim exclusivity and universality in its findings. The aim of the study is rather to provide
for an additional angle on the question of supplier diversification and import risk. Lastly,
while also a relationship between the decreased usage of price indexation and higher specific
risks is provided, the study does not suggest that lower specific risks would have occurred had

oil-indexed prices been applied in times of higher risks.
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Part 2: The scientific article

Quantifying Germany’s natural gas import risks:
A portfolio model

Christoph Halser

Nord University Business School, Universitetsalléen 11, 8026 Bodg, Norway

Highlights
= The risk of German natural gas imports between 2000 and 2015 is analysed
= A historic link between diversification and import risk is provided
= A 15%-point reduction of Russian supplies yields a 13% decrease in specific risk

= The grade of risk reduction depends on supply route risk assessment

Abstract

Natural gas imports are of vital importance to the German economy, while calls for
diversification of Russian imports are intensifying. Because a reliance on Russian gas imports
raises energy security concerns to many, the aim of this paper is to assess the effectiveness of
supplier diversification. The relationship between diversification and import risks is
established by implementation of a portfolio model isolating systematic and specific risks of
the German import portfolio over the period from 2000 to 2015. The results indicate high
systematic risk in 2009 as well as lower yet slightly increasing specific risks with amplitudes
in 2011 and 2014. Through sensitivity analysis hypothetical changes to suppliers’ import
shares are applied to identify the potential of three possible diversification strategies. It is
demonstrated that by a 15 percent point diversification of Russian imports to other supplier
countries the specific risk of the portfolio can be reduced by 13%, whereas the grade of

reduction depends on a risk assessment of current and potential suppliers.

Keywords: Energy security, Natural gas, Import risk, Portfolio theory, Diversification
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1 Introduction

Germany’s Energiewende marks the country’s goal of transitioning towards an
environmentally sound, reliable and affordable energy supply (BMWi, 2010). The growing
importance of gas in this transition is mirrored by a rise in the share of natural gas in total
gross energy imports from 22. 5% to 30.6% over the period from 2000 to 2015 (AGEB,
2018). In absolute terms imports of natural gas show an increase from about 796 TWh in the
year 2000 to around 1190TWh in 2015 (BAFA, 2019)3. A stable import supply appears to be
of increasing importance to the economy, while the share of the domestic production
decreased from 25% in 2000 to only 6% in the year 2015 (BAFA, 2019). Germany voices
support for the liberalization of the gas market and of competition within it (BMWi, 2010, p.
14). In the year 2015 however, 97.5% of Germany’s natural gas imports originated from only
Norway, Russia and the Netherlands (BAFA, 2019).

In addition to what already appears to be a high dependence on gas imports,
Germany’s energy transition and the coal phase-out are considered to be leading to growing
gas demands in the future (Strunz and Gawel, 2016). Besides its usage in heat generation gas
power plants are a vital element of the country’s double-structure buffering system necessary
for balancing out the intermittency of renewable energy because of their quick reaction time
to demand fluctuations (Sinn, 2017). An increase in required import quantities in combination
with only a small number of supplier countries raises the question of import dependency and a
need for diversification of Germany’s natural gas supplies.

While diversification is to be increased through new supplier routes such as the
southern gas corridor or an increase in LNG supplies (BMWi, 2010), energy security has also
become a key element of the energy policy of the European Union (EU). As such, the
establishment of a unified and interconnected gas market has been identified as a key
objective of the EU’s new cohesive energy strategy in response to the Russian-UKkrainian gas
crises of 2006 and 2009 (Umbach, 2017). Critics claim that a high level of import dependency
paired with a conceivable growth in Russian imports in light of the Nord Stream 2 pipeline
construction could provide Russia with political leverage over Germany and threaten the
diversification goals of the EU (Hedberg, 2017). Increased connectivity of the European gas
market on the other hand could allow Germany to develop into a hub for distributing gas
across the continent and thereby decrease risks of supply disruptions for other member states
of the EU.

3 Conversion according to Norwegian Petroleum Directorate, see appendix E
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While political perspectives have to be considered in order capture the discussion of
gas import security in its entirety, this study aims to shed light on the effects of supplier
diversification and gas price constitution on gas import risks. An economic approach is

chosen in order to provide answers to the following research questions:

=  What is the relationship between available market- and import prices?
= How does variation in market- and import prices impact import security?
= How do risks specific to German imports develop against systematic market risks?

= To which extent can a diversification strategy mitigate import risks?

A portfolio model is applied analysing how changing market prices and import
dynamics between the years 2000 and 2015 affect Germany’s import risk for natural gas. This
framework serves as a foundation to discuss to which extent diversification among the
existing set of suppliers can reduce import risks for Germany. Understanding the analysed
effects allows for an evaluation of their integration in policy measures.

The study draws on the work by Wabiri and Amusa (2010) applied for the analysis of
South Africa’s crude oil import risks and transforms its model for the purpose of assessing
Germany’s natural gas import risks. A market price basket is created serving as a proxy for
market prices of importable quantities. This unified market price basket mirrors in its
composition the overall shift from oil price-indexation towards gas-indexation and hub-
pricing in natural gas across Europe. Building on the work of Wabiri and Amusa (2010)
quantitative risk weights are assigned to each supplier country using an analytical hierarchical
process (AHP) (Saaty, 1980). The obtained judgements thereby represent a qualitative
assessment of each supplier country with regards to the 4A approach to energy (Affordability,
Availability, Accessibility and Acceptability) (Kruyt, van Vuuren, H.J.M., & Groenenberg,
2009). Integrating these risk weights into the portfolio model allows for an impact analysis of
shifting supply shares on specific risks of the portfolio.

Following this introduction, the paper follows the following structure: The second
section outlines the data and methodology of the study. The third section contains the
empirical results and their analysis. Possible diversification strategies are discussed in section

four, while section five is the conclusion of the paper.
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2 Methodology and data
2.1 Data

The analysis requires data on Germany’s natural gas imports such as border crossing
prices as well as market prices for available quantities of natural gas. The former, including
details on the supplier portfolio available until 2015, is derived from Germany’s federal office
for economic affairs and import control (BAFA), published in €/TJ. The market price basket
for the years 1999 to 2015 is compiled using data published on Quandl, a commercial data
provider. Aggregate continuous futures data is used, in which a given date’s settlement price
corresponds to the price of a future contract for equal delivery throughout the following
month (spot month). Monthly averages are formed of these daily settlement prices with no
weight factor for trade volume. In the composition of the price basket the following fuel
prices derived from Quandl are used as traded on the Intercontinental Exchange (ICE):

1) Brent Crude Futures
2) UK Natural Gas Futures (NBP)
3) Low Sulphur Gasoil Futures

Relative price changes of the above commaodities are measured to their respective
average price of January 1999. Nominal prices across this study are expressed in €/ MWHh,
whereby unit conversions factors originate from the energy calculator of the Norwegian
Petroleum Directorate (2019). Currency conversion is in accordance to data from the Pacific
Exchange Rate Service operated by the University of British Columbia (The University of
British Columbia, 2019).

2.2 Methodology
2.2.1 Market price basket for importable gas

Because of the inherent nature of natural gas pricing in Europe and the absence of a
unified European gas market Germany’s import prices cannot be directly compared to one
particular market price. Rather, the price for natural gas has historically been linked to oil
prices via long-term contracts (LTCs). Over a specified contract length the price is thereby
proxied by relative price changes in replacement fuels such as heavy or light fuel oils as under
the traditional Groningen formula (Konoplyanik A. , 2018). This study makes use of a
modified basket price, whereby in the applied LTC pricing formula low sulphur gasoil futures
represent light fuel oil, while Brent crude futures are used in the absence of sufficient data on

heavy fuel oil futures. Between the years 2000 and 2015 pricing for imports of natural gas is
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becoming increasingly determined by spot gas and hub prices such as from the Title Transfer
Facility (TTF) or the Natural Balancing Point (NBP) (IGU, 2018), mirrored by an increased
usage of spot-indexation in applied contracts in the market (Equinor, 2018). UK natural gas
futures therefore represent this increasingly important spot-price component in the applied
LTC pricing formula of this study. Representativeness for German spot prices is given by
high correlation, although declining after 2013, with newly-developing German hubs
(Petrovich, 2014) and the British NBP showing the largest trade volume across all European
gas hubs until 2016 (Heather and Petrovich, 2017).

The applied pricing formula consists of three components:
1. Reference period, number of months for which an average price of basket fuels is
calculated: 6 months
2. Lag period between reference period and validity period: 3 months

3. Validity period of price application: 1 month

Jan—Feb — Mar— Apr—May—Jun /[ Jul-Aug-Sep /I Oct
\ Y ) | Y ] \ J
Reference Period Lag Period Validity Period

Figure 12: Example of the applied 6-3-1 price formula

The application of the LTC formula moves on a rolling basis, whereas the price for
November is consequently determined by average prices of basket fuels for the months
February, March, April, May June and July, with a lag period of August, September and
October. While details on formulas applied in specific contracts are not accessible to the
public, the applied formula was selected for goodness of fit (R?) to German import prices.
Corresponding to the mechanism of the chosen 6-3-1 formula other commonly used forms in
contracting are 3-1-1, 6-1-1 or 6-3-3 (Muller, Hirsch, & Miuller, 2015) (Konoplyanik A. ,
2010).

The average price for January 1999 UK natural gas futures serves as a base price to
which relative price changes of all basket fuels are applied. Thus, while indicative of relative
price changes for importable gas quantities over time, the compiled price basket is rather inapt
for a comparison of absolute price levels to Germany’s border crossing prices in specific
points in time. Particularly since 2012 a decoupling of gas and oil prices occurred, leading gas

importers to demand larger degrees of indexation to gas hub prices in new and renegotiated
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contracts (Franza, 2014). The price basket for available gas is adjusted in its composition to
the increase in gas-indexation and a growth of spot-traded gas (IGU, 2018). Changes in the

evolving structure of the price basket (appendix C) are:

1. Increase in gas-on-gas competition and decrease in usage of LTCs
I. 2000 —2004: 100% LTC — 0% spot gas

ii. 2005 — 2006: (Uniform shift)
iii. 2007 —2011: 80% LTC — 20% spot gas
iv. 2012: (Uniform shift)

v. 2013 -2015: 50% LTC — 50% spot gas

2. Increasing level of gas-indexation and decreasing level oil-indexation in LTCs
i. 2000 —2010: 90% oil indexation — 10% gas indexation
ii. 2011 -2013: (Uniform shift)
iii. 2014 and after: 50% oil indexation — 50% gas indexation

2.2.2 Diversification index

Because Germany is heavily dependent on imports of natural gas, the goal of an
import policy should be a high degree of diversification. Through diversification and ideally
an equal distribution of supply shares among all supplier countries the impact of a supply
disruption from one particular country can be mitigated. To measure the effectiveness of
supplier diversification in Germany’s gas import portfolio an industry concentration index is
used which modifies the original Hirschman-Herfindahl index by taking its square root
(Hirschman-Herfindahl-Agiobenebo (HHA) concentration index) (Agiobenebo, 2004).

Thus, the diversification index for Germany’s natural gas imports (1;;,,) can be expressed as:

1)

where S; is the relative share of natural gas imports from country i. While first insights into
diversification and thereby Germany’s susceptibility to supply disruption can be obtained, the
index falls short of providing a linkage between the level of diversification and experienced
risks. Furthermore, Germany already shows fewer than two minutes of average supply
disruption per end consumer between the 2006 and 2017 (Volk, 2018). Although potential
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disruptions would be to an extent compensated for by storage and an increase in supplies from
other countries, it appears that a diversification index alone is insufficient in expressing the
explicit risk contributions of diversification from the upstream market. The next section
addresses the application of portfolio theory in order to derive a more germane measure for

import risk.

2.2.3 Portfolio theory approach

Portfolio theory finds its typical application in a financial context where a set of more
and less risky assets is to be examined for its integration in a portfolio. Transferring this
theory to energy markets consequently allows for an examination of different choices of
supply sources and the relationship between diversification and energy security risk (Lesbirel,
2004). Building on the understanding that import prices are capable of reflecting imbalances
on both the supply- and the demand side and are therefore reflective of the risk of disruptions,
the applied portfolio approach uses price variance as a measure for risk. Analysing the
relationship between import- and market prices may further indicate whether the shift towards
spot-indexation and exchange hub pricing has an effect on the risks of the overall import
portfolio.

In the applied portfolio model (section 3.2.2) a principal distinction between
systematic and specific risks is made. Systematic risks are thereby described as those risks
which are fundamental to the underlying market. Because all suppliers in the market are
affected by it, diversification of supply sources cannot reduce systematic risk, which is
therefore oftentimes referred to as undiversifiable risk. A cold winter across Europe for
instance could lead to an increase in gas demand and thus price increases across the whole
European market. Because market prices of all suppliers are likely to be affected,
diversification cannot mitigate systematic risk.

Specific risk on the other hand is risk inherent to a specific supply source for which
diversification is effective in its mitigation. A supply disruption from a particular supply
source for example could be the result from an accident or a politically-motivated supply stop.
Because it is not impacting the behaviour of other supply sources and of the underlying
market specific risk is also referred to as diversifiable risk (Lesbirel, 2004). Thus, the overall
portfolio of Germany’s natural gas imports encompasses both an unavoidable risk component
due to market exposure and a specific risk component exclusive to the German import

portfolio.
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In order to generate a separation between systematic and specific risks, a model is
specified formulating the relationship between Germany’s border crossing prices and market
prices for available natural gas. This model, which applies a logarithmic transformation of
both price terms, yields:

log [Pg] = a + Blog[Py] + & (2)

where P is the monthly border crossing price of natural gas in € MWh and P,, stands for the
monthly market price of available gas in € MWh. a and £ are parameters and ¢ is the error
expected to fulfil the traditional properties of a residuals term.

The model provides two basic insights into the relationship between Germany’s
market- and import prices. Firstly, to the degree of  import prices follow and are exposed to
the development of market prices. In other words, the coefficient g describes the degree to
which a percentage change in market prices (P,,) subsequently leads to a percentage change in
the price for Germany’s imports (P;). Because of the expressed dependence of import prices
on market prices S is a measure of systematic risks impacting all importers in the market. The
error coefficient € on the other hand is indicative of those risks unexplained by changes in the
overall market price, thus specific risks. Large variations in the error term are indicative of
risks inherent to Germany’s import portfolio, because they describe an extent of price
variation which cannot be explained by changes in market prices.

Because the modified market price applies a lagged price component, first order auto-
correlation of the error term is corrected for by application of the Cochrane-Orcutt method
(see Wooldridge (2013)). This approach yields:

lOg [PG]t - P lOg [PG]t_l =a (1 - p) + ﬁ(log [PM]t -p lOg [PM]t_l) + &t (3)

where p denotes the autocorrelation coefficient. A parameter estimation with equation (3)
then allows for a risk statement of Germany’s natural gas imports. Using import price
variance as a measure for the risks of disruptions (Lesbirel, 2004) the aggregate risk of

Germany’s natural gas imports in year t is expressed as:

O'gt = ﬂZOﬁMt + O'Ezt (4)

where O'Gzt is the total risk of Germany’s natural gas imports in year t. ZoﬁM , provides a
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measure for systematic (non-diversifiable) risk, while agzt provides a measure for specific
(diversifiable) risks (error variance). aﬁm is the monthly variance in market prices in year t.
Equation (4) states the total import risk as the sum of price variation explained by variance in
market prices (systematic) and those variations which cannot be explained by movements in
commodity markets (specific). To assess the impact of diversification equation (4) can be
used to integrate the amount of imported gas quantities for a separate statement of both the
systematic risks and specific risks of the portfolio. The systematic (undiversifiable) risk of the

portfolio can be expressed as:

n m
ooy = ) ) OB X )

where aﬁGt is the systematic risk of the portfolio in year t and a,%m is the monthly variance in
the market price in year t. X;; are import quantities from supply country i in month j, while g

is the coefficient. Incorporating import quantities in the corresponding segment for specific
risks in equation (4) yields the following statement for the specific (diversifiable) risk of the

portfolio:

n
o, = ) 2P0k ©)

i=1

where aSZGt is the specific risk of the portfolio in year t, x; are import quantities from supply
country i and ogzt is the error variance in year t. In order to generate a better understanding of
the risk contribution of each supplier country to the portfolio and the effectiveness of
diversification in enhancing import security, an analysis of import quantities alone is
insufficient. Equation (6) is therefore extended by a quantitative measure descriptive of the
security risks of each supplier country. Determined through an analytical hierarchical process
(AHP) (Saaty, 1980) these risk factors represent a subjective assessment of each supplier
country’s risk with regards to the 4A approach to energy security (Affordability, Availability,
Accessibility and Acceptability) (Kruyt et al., 2009). Incorporating this risk factor in eqaution

(6) brings the following statement for the specific risks of the import portfolio:

o, = ) wixkal, 7
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where w; is the risk weight associated with supplier country i. In the period from 2000 to
2015 Germany’s imports of natural gas grew from 796TWh to approximately 1190TWh
(BAFA, 2019). Following equations (5) and (7) this import growth would subsequently lead
to a growth in both systematic and specific risks of the portfolio. The appliance of growing
absolute import quantities impedes the assessment of risk contribution of the parameters S,

aﬁm and agzt. Therefore, absolute import terms in equations (5) and (7) are substituted by

relative import shares. The index for systematic risk, Ipg,, is expressed as:

m

n
looe = |, ST ®
i=1

j=1

where S;; is the relative import share from supply country i in month j. Similarly substituting

absolute import quantities by relative import shares the specific risk index of the portfolio can

be written as:

©)

ISGt =

where s; is the relative import share from supply country i in year t.

3 Results and analysis

This section provides a presentation of the results to the methodologic approaches
introduced in sections 2.2.2 and 2.2.3. Results of the diversification index are examined
(section 3.1), before the analysis of market- and import prices (section 3.2.1) leads to the
calculation of Germany’s natural gas import risk by application of the portfolio model in
section 3.2.2. The demonstration of risk components of the portfolio model contains an
inspection of observable trends and a brief assessment of major incidents occurring over the
timeframe of the analysis. Lastly, the results of the diversification index are combined with
findings of the portfolio model to examine the historic relationship between supplier

diversification and the specific risk index of the portfolio.
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3.1 Diversification Index of Germany’s natural gas imports

Figure 13 indicates only minor changes in the diversification index in the period from
2000 to 2015. While high values denote a low level of diversification and vice versa, a slight
downward trend is visible and thus until 2015 a slightly higher degree of diversification is
reached. This development can primarily be explained by a decline in Russian imports from
45.7% in the year 2000 to 34.6% in 2015 and a simultaneous rise in Norwegian imports from
26.7% to 34.1%. However, only a 1.9% improvement in the diversification index between
2000 and 2015 is observable, while 2015 97.5% of Germany’s natural gas imports were
sourced from the Netherlands, Norway and Russia (BAFA, 2019).
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Figure 13: Diversification index of Germany’s natural gas imports: 2000 — 2015

While minor their amplitude, the diversification index shows three main alterations.
First a drop between 2000 and 2003, a rise between 2006 and 2009 and finally a relatively
strong decline in 2013. The first two movements can largely be explained by shifts in relative
contributions from Russia, while the decline from 2012 to 2013 is caused by a decline in
Norwegian imports, falling from 35,3% to only 29,4% in 2013 (BAFA, 2019).

Germany names diversification in supply sources and transport routes as means of
ensuring security in gas supplies (BMWi, 2019). However, as the analysis of the index
indicates, between 2000 and 2015 only a marginal improvement in diversification is
noticeable. Next, import shares are incorporated into the portfolio model to investigate
whether this slight betterment in diversification can be linked to improved import security as

measured by the portfolio model.
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3.2 Germany'’s natural gas import risks

3.2.1 Relationship between Germany’s import prices and market prices

Figure 14 indicates a close relationship between German import prices and the
modelled market prices for natural gas. Because the applied LTC formula relates relative
prices changes of all basket fuels to the average January 1999 price for UK natural gas futures
(NBP), absolute values for market prices are rather inapt for a direct comparison to import
prices. Sufficient for the analysis however is the measurement of relative price development

as price variance serves as an indicator for risk.
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Figure 14: Germany’s border crossing prices and market prices for natural gas 2000 — 2015

While oil-indexation was the primary determinant of German import prices until 2009,
after the financial crisis and the decoupling of oil and spot-gas prices after 2012 (IGU, 2018)
hub prices are becoming an increasingly significant driver of import prices (see section 2.2.1).
Starting in 2005 rising prices are observable, before prices rapidly decline after reaching their
highest point before the financial crisis of 2008. Recovery to almost pre-crisis levels by 2012
and the beginning decoupling of oil- and gas prices marks a period of falling prices until
2015, with a sharper decline in 2014.

The government of Germany acknowledges the importance of competitive energy
prices and supply security for manifesting its role as a competitive industrial player (BMWi,
2010). Because prices are indicative of disruptions caused by either the supply or demand side
the analysis of the relationship between market- and import prices can indicate the level of
experienced import risks. Equation (2) describes the logarithmically-transformed relationship

between market prices and border crossing prices to which results are presented in Table 1.
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Table 1: Logarithmically-transformed regression, equation (2)

Parameter Coefficient Standard Error | t-value
Constant 0.1919 0.0256 7.49

B 0.9033 0.0084 107.25
p 0.5588

Adjusted R- | 0.9837

squared

Notes: p denotes the autocorrelation coefficient

Due to the nature of the applied LTC formula and the application of average prices
within it (section 2.2.1), error terms of the logarithmically-transformed model are
autocorrelative. For the purpose of correcting for first order autocorrelation the Cochrane-
Orcutt method is applied (equation (3)). With parameter estimations from Table 1, the

formula provides:

log [P;], — 0.5588log[P¢],_,

= 0.1919 (1 — 0.5588) + 0.9033(log [Py ], — 0.5588 log[Py],_,) + & (10)

Table 2: Regression after the Cochrane-Orcutt transformation, equation (3)

Parameter Coefficient Standard Error | t-value
Constant 0.2695 0.0648 4.16

B 0.8775 0.0212 41.41
Adjusted R-squared after AR(1) correction 0.9057
F-statistic 1836.25
Durbin-Watson statistic 1.87
rho-value 0.7264

Breusch-Pagan test for heteroskedasticity (prob.) | 0.8723

An adjusted R-square of 0.9057 suggests that over the period from 2000 to 2015
relevant market prices are indicative of import prices. The g-coefficient of 0.8775 indicates a
high degree to which import prices follow the movement of market prices in case of price
surges or price declines. Specifically, a one percent increase in market prices yields a 0.88%
increase in import prices. A Durbin-Watson statistic of 1.87 and a rho-value of 0.7264 thereby

indicate that autocorrelation of the first order is appropriately resolved in the adjusted model.
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3.2.2 Calculating Germany’s natural gas import risk

As indicated in section 2.2.3 through an analytical hierarchical process (AHP) risk
weights for all four supplier countries are generated. Details about the process are provided in
appendix D. Corresponding to the 4A approach to energy security (Kruyt et al., 2009) the

following assessment of each supplier country is provided:

Table 3: Risk coefficient w; for supplier countries (appendix D)

Country Netherlands Russia Norway Other
w; 0.23 0.31 0.14 0.32

Implementing these risk coefficients into equations (5) and (7) then allows for the
assessment of systematic and specific risks of the portfolio. The aggregate results of the

analysis are presented in Table 4.

Table 4: The risks of Germany’s natural gas imports 2000 — 2015

Year | Gas Gﬁm o'gzt Opé, 056, Portfolio 1 PG, Isct
imports Price | Error Systematic | Specific | 1Sk (@ + | Systematic | Specific
(TWh) | variance | variance | risk (@) risk (b) b) risk index | risk index
2000 | 789.4 3.93 0.10 235.79 75.26 311.04 3.59 0.09
2001 | 819.8 1.29 0.37 135.93 141.56  277.49 1.98 0.17
2002 851 0.96 0.36 122.93 137.75  260.68 1.72 0.17
2003 | 885.4 0.25 0.14 66.09 90.02 156.10 0.89 0.11
2004 | 941.6 0.84 0.11 128.97 83.89 212.86 1.64 0.09
2005 | 950.2 6.05 0.32 344.98 152.23  497.21 4.33 0.16
2006 | 977.5 0.43 0.12 95.44 92.38 187.82 1.15 0.10
2007 | 923.2 2.22 0.16 205.77 110.16  315.93 2.66 0.11
2008 | 966.8 14.01 0.46 542.75 179.32  722.08 6.71 0.19
2009 | 986.5 46.36 0.72 990.28 235.92 1226.21 11.90 0.23
2010 | 1.036.4 6.85 0.44 401.91 176.38  578.28 4.59 0.18
2011 | 1.010.4 8.38 1.86 433.17 389.14  822.30 5.06 0.37
2012 | 1.0124 0.10 0.42 47.31 180.23  227.54 0.56 0.18
2013 | 1.040.2 0.19 0.21 63.89 128.36  192.24 0.74 0.13
2014 | 1.001.3 2.86 1.57 246.70 356.59  603.29 2.93 0.34
2015 | 1.189.8 2.39 0.48 265.21 190.59  455.81 2.67 0.19

Figure 15 illustrates the development of systematic and specific risks as well as of the
overall portfolio risk. While over the period from 2000 to 2015 an overall increase in portfolio
risk is observable, specific risks contributed an average of 38.6% of the total portfolio risk.
The development of portfolio risk can be separated into two periods of equal 8-year length.

Firstly, a period of moderate risk stretching from the year 2000 to 2007 and a second phase
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characterised by higher volatility between 2008 and 2015. The first period from 2000 to 2007
is characterised by a steady growth in natural gas imports of about 17%, increasing from
789TWh in 2000 to 923TWh in 2007. Absolute contributions from Russia and the
Netherlands during the same timeframe show only little variation while Norwegian imports
increase by about 37% in absolute terms (289.1TWh in 2007). A spike in portfolio risk in
2005 can thereby be related to surges in both import- and market prices during 2005. While
from January to December market prices grew by about 56%, border crossing prices show an
increase of about 38% (19.5€/MWh in December 2005), leading to a rise in portfolio risk.

The second period between 2008 and 2015 is characterised by higher levels of
portfolio risks and imports during this period increased by 23% to a peak of approximately
1190TWh in 2015. Three points of high volatility (2009, 2011 and 2014) can be recognised,
while market price variation linked to the financial crisis and subsequently high systematic
risk can be identified as the main driver of the highest observed level of portfolio risk in 2009.
Whereas the average market price for importable quantities was about 35€/MWh in January
2009, prices reduced to around 16.3€/MWh in September of the same year. Showing only
little variation in suppliers’ contributions and reduced market price variances compared to
20009, spikes of the portfolio risk in 2011 and 2014 can to a larger extent be attributed to high
specific risks. Whereas the monthly error variance in 2011 was about 1.86 it amounted to 1.57
in 2014. Thus, experiencing only minor changes in distribution of absolute imports, price

variation appears to be the main driver of portfolio risk.
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Figure 15: The systematic risk, the specific risk and the total portfolio risk
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Because the equations for systematic- and specific risks (5) and (7) incorporate
squared absolute import measures, increasing import quantities over the timeframe of the
analysis overstate the systematic and specific risks of the portfolio. For a more precise
measurement of the effect of changing import diversification and of price variation relative
import terms are applied in the analysis of the systematic and specific risk index (equations
(8) and (9)). Figure 16 shows the systematic and specific risk index of the portfolio. It can be
noted that throughout the timeframe of the analysis the systematic risk index shows
significantly higher values than the specific risk index. Over the timeframe from 2000 to 2015
no clear trend in the systematic risk index is observable, while a spike in 2005 and high values
2008 and 2009 stand out.

The systematic risk index decreases from 2000 to 2003 as a result of continuously
declining oil prices brought upon by OPEC’s policy of periodic production increases (IMF,
2000). Because of oil-indexation in the pricing of natural gas, sharply-rising oil prices in 2005
consequently lead to increases in the systematic risk index of the portfolio. Linked to the price
development of oil products modelled market prices for gas rose from 15.4€/MWh in January
2005 to about 24€/MWh in December the same year, equivalating an increase of around 56%.
Oil prices thereby appear to be driven by production shortages as a result of hurricane Katrina
in August 2005 and decreases in oil production due to the on-going war in Irag.

High values in the systematic risk index of 2008 and 2009 indicated by Figure 16 can
likewise be attributed to high variation in oil prices. While Brent crude prices peaked with an
average price of 133%/barrel in July 2008, these prices — because of the lagged-character of
the LTC gas formula — translate to subsequent gas price peaks in January 2009 with a price of
about 35€/MWh. Lastly, the rapid price decline after 2009 driving the systematic risk index
can attributed to the on-setting recession and consequently lower market demand. Relevant
gas market prices for Germany here show a sharp decline of about 53% from January to
September 2009 (16.3€/MWh).

It appears that high volatility of oil and gas prices in the period from 2000 to 2015
leads to high values for the systematic risk index of the German natural gas import portfolio.
The demise of oil-indexation in gas pricing thereby coincides with a lower systematic risk
index after 2011. Because relative supply diversification is limited over the analysis
timeframe (section 3.1), market price volatility can be identified as the main driver of the

systematic risk index.
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Figure 16: The systematic and specific risk index of the portfolio

The analysis of the specific risk index of the portfolio (Figure 17) indicates a moderate
upward trend. Between 2000 and 2010 only little variation in the specific risk index is
present, meaning that variation in import prices and thereby the risk of disruption is largely
explained by variation in market prices. The third highest value of the specific risk index in
2009 represents an additional risk element unexplained by already high market price variance
surrounding the financial crisis. The additional risk can thereby be linked to a gas dispute
between Russia and Ukraine, when for several days in January 2009 Russian gas supplies to
the EU were cut off. Although Germany entertains gas storage facilities to secure supplies for
disruptions of several weeks, supply disruptions to neighbouring countries in conjunction with
large dependence on Russian supplies (38% in 2009) provided for an additional risk element.

The highest point in the specific risk index (Figure 17) in 2011 can be attributed to
combined effects of developments both in Germany and abroad. As a response to the
Fukushima accident elven German nuclear power plants were shut-off in 2011 leading to an
additional demand surge for other energy commaodities such as gas. Simultaneously however,
the Arab spring led to oil and gas supply disruptions from Libya to Europe affecting
international markets (Rihl and Giljum, 2012). The swift shutdown of nuclear power plants
appears to have led to additional risk exposure as indicated by the specific risk index.

Lastly, the magnitude of the specific risk index in 2014 marks yet another gas transit
dispute between Russia and Ukraine, which not only saw cut-offs to Ukraine and Poland but
also unexpectedly yet only slightly reduced quantities to some importers in Germany.
Because of a large dependence on Russian imports (39% in 2014) the Russian-Ukrainian

dispute led to additional risk in the German import portfolio exogenous of systematic risk.
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Figure 17: The specific risk index of the portfolio

Based on the results in Table 4, Figure 18 indicates no positive relationship between
improved diversification and lower specific risks of the portfolio. On the contrary, the
observable data provides for a relationship in which increased diversification (smaller index
values) is associated with higher values for the specific risk index. Thus, while diversification
has the potential of reducing risks of the import portfolio, the experienced 1.9% improvement
in diversification over the period from 2000 to 2015 is insufficient in providing for an
observable linkage between improved diversification and reduced risks. Therefore, by
applying sensitivity analysis it is examined to which extent greater hypothetical levels of

diversification can mitigate Germany’s natural gas import risks.
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Figure 18: Relationship between diversification index (HHA) and specific risk index, yearly plots
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4 Discussion

Over the period from 2000 to 2015 Russia has been the largest contributor of natural
gas to Germany with contributions ranging from a minimum of 34.6% in 2015 to a maximum
of 45.7% in 2000. Combining official import numbers for 2018 however with Gazprom’s
export statistics, suggests that Russian imports to Germany in 2018 could have amounted to a
record level of about 53% (BAFA, 2019) (Gazprom Export LLC, 2019). Because policy
makers are debating over the effectiveness of diversification strategies in mitigating import
risks, the effect of diversification on the specific risk index is discussed by applying

sensitivity analysis. Three possible scenarios are analysed:

1) 15%-point decrease in Russian supply share and proportionate substitution
Russian imports of a 53% share would mean an increase of approximately 15 percent
points towards their average level between 2009 and 2015. Conversely, how much of a
reduction in the specific risk index can be obtained, had Russian imports been 15 percent
points lower in every year and distributed among existing suppliers according to their
contribution weight in the original portfolio? The results indicate an average improvement
in the specific risk index of about 10.2% (Table A.1). A proportionate reduction of

Russian imports appears to have significant benefits for the specific risks of the portfolio.

2) 15%-point decrease in Russian supply share and substitution by one country only
Assuming a decrease of Russian imports by 15 percent points in every year, how would

specific risks be impacted if only a single supplier compensated for the reduction?
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Figure 19: Compensation for a 15%-point decrease in Russian supplies by a single country: Effect on specific risk index
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Table A.3 and Figure 19 show the effectiveness of this diversification strategy, whereby
results vary according to every country’s multiplicative assessment of risk weight (w;) and
relative supply share Sl%. The largest decrease in the specific portfolio risk can thereby be

reached by import substitution from other countries (13%), followed by substitution from
Norway (9.3%) and lastly by substitution from the Netherlands (6.5%). Other countries
thereby denote both those suppliers already making minor yet unascertained contributions

to the import portfolio, as well as likely future contributors.

It is already noteworthy that a focus on other supplier countries yields a greater improvement
to the specific risk index (13%) than proportionate substitution in scenario 1 (10.2%).
Furthermore, substitution by Norway alone would yield an only about one percent smaller
contribution (9.3%) (scenario 2) than proportionate substitution by all suppliers (10.2%)
(scenario 1). Although Norway is already a substantial contributor to the German gas import
portfolio (average supply share of 31.6%), it appears that the country’s favourable risk weight
assessment (w;) allows an even greater import share to bring reductions in specific portfolio
risks. Therefore, especially if new supply routes are not available substitution should occur in

those countries providing for the most favourable risk assessment.

3) Equal 25% supply share of all existent suppliers
By virtue of the diversification index of equation (1) a maximum level of diversification
would imply an equal contribution share of all supplier countries. All else being equal,
how might the specific risk index be impacted, if every supplier equally contributed 25%
of total imports in every year? Figure 20 shows the result of this strategy. The result

(Table A.2) indicates an average reduction in the specific risk index of about 10.7%.
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Figure 20: 25% supply share for every gas supplier: Improvement in specific risk index
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Thus, of the assessed diversification strategies not equally distributed imports (10.7%)
(scenario 3) yield the greatest reduction in specific risks, but rather a shift of 15 percent points
of Russian contributions to other supplier countries (13%) (scenario 2). In other words, such
strategy appears to be superior, in which only 15 percent points of Russian imports are
diversified towards other supply sources and supplies from Norway and the Netherlands
retain an original average of 31.6% and 22.8% contribution respectively as opposed to 25%
each under scenario 3. Over the timeframe of the analysis the effectiveness of all analysed
diversification strategies decreases due to the diminishing share of initially overrepresented
Russian imports and decreasing marginal utility of diversification (Table A.1). Assuming
however a return of Russian supplies beyond 50% and transferability of the historic
relationship between prices and import risks to the future, the effect of diversification is likely
to exceed the presented effects on the existing portfolio.

Figure 21 shows the improvement in the specific risk index assuming a decrease of
Russian imports by 15 percent points and a substitution by other supplier countries. Whether
improvements to the specific risk index beyond 13% are be attainable will depend on the
availability of potential supplier routes and their individual risk assessment. Because of the
significance of risk weights in assessing suppliers’ potential for portfolio risk reduction, risks
of new supply sources will have to be compared against existing contributors to the portfolio,
while the possibility of LNG imports could require the development of new assessment

criteria.
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Figure 21: A 15 percent point transfer of Russian supplies to other supply sources: The impact on the systematic risk index
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The degree to which diversification strategies can alter the specific risk of the portfolio
is dependent on the assigned risk weights (Table 3 and appendix D). With the assigned
relative risk weight for each supplier country a maximum reduction in the specific risk index
of the portfolio of 15.4% is attainable. Such reduction in specific risks would hypothetically
assume a constant supply share from every supplier country for every year between 2000 and
2015. This maximum reduction in specific risks would require Russian import shares to
amount to 18.3%, Norwegian imports to 39.8%, Dutch supplies to 24.4% and supplies from
other supply sources to 17.5%.

While the potential of a set of strategies for diversification of Russian imports has
been identified, the need for diversification is further fuelled through the phase-out of the
Groningen field and subsequently reduced supplies from the Netherlands in the future (van ‘t
Hof, 2018). Infrastructure needs and financing requirements however serve as barriers to a
swift change in supply architecture. Nevertheless, new supplier routes are identified such as
the southern gas corridor which allows for gas imports from the Caspian Sea region. Today
already allowing the transport of gas from Azerbaijan via the trans Adriatic pipeline (TAP),
contributions from this supplier route could later be extended by the connection of gas fields
in Turkmenistan and Iran (Lenzen, 2018). However, an assessment of risks inherent to new
supplier routes is required to determine their potential in mitigating portfolio risk. Besides
traditional imports via pipelines, the government of Germany regards LNG supplies as a step
towards import diversification (BMWi, 2019). In light of projects such as Nord Stream 1l
however, the potential of LNG will depend on a weighing of economic against political risks.

Lastly, over the timeframe of the analysis higher specific risks coincide with the
demise in oil-indexation and an increasing gas spot price component in the constitution of gas
market prices. Figure 22 shows yearly plots of the relationship between the degree of oil-
indexation in market prices and the specific risk index. It appears that over the timeframe of
the analysis lower degrees of oil-indexation and conversely higher spot price components are
associated with higher specific risks. Research suggests that volatility of gas prices
substantially exceeds volatility of crude oil prices by a factor of 1.5 (Alterman, 2012) and that
the benefit of long-term contracts lies in the potential of supporting large scale investments
and hedging against spot price volatility (Cervigni and Borbala, 2018). Without knowledge of
the distinct mechanism of specific German import contracts it can hardly be assessed
however, whether higher degrees of oil-indexation would have yielded a different price

behaviour and thus a different risk level in years of higher observed risks.
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Figure 22: Relationship between oil-indexation and specific risks, yearly plots

5 Conclusion

This paper applies a portfolio model to assess the risks of Germany’s natural gas
imports and the effectiveness of a set of diversification strategies. By establishing the
relationship between modified market prices and import prices systematic and specific risks
of the import portfolio are isolated and assessed. Although changing in their composition due
to the demise of oil-indexation, modified market prices are highly representative of
Germany’s import prices. Therefore, while systematic risks outweigh specific risks, the risk
of the portfolio follows price surges representative of market disruptions. Particularly high
systematic risks are observable in 2009, linked to price developments surrounding the
financial crisis and the Russian-Ukraine gas dispute. Slightly increasing specific risks of the
portfolio show great amplitude in 2011, when the shut-down of eleven nuclear power plants
as a response to the Fukushima accident coincided with oil and gas supply disruptions to
Europe as a consequence of the Arab spring and also in 2014, in connection with yet another
Russian-Ukrainian gas dispute.

While supplier diversification can reduce the risk of supply disruptions, historical
improvements in diversification of only 1.9% between 2000 and 2015 are not linked to lower
specific risks of the import portfolio. Through sensitivity analysis hypothetical changes to
suppliers’ import shares are applied in order to assess the contribution potential of higher
diversification levels in the reduction of import risks. The study finds that a reduction of

Russian natural gas imports by 15 percent points in every between 2000 and 2015 and
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substitution by other countries yields a reduction in specific risks of about 13%. Furthermore,
a 15 percent point substitution of Russian imports solely by Norwegian imports yields a
reduction of about 9.3%, pointing towards the significance of identifying secure supply routes
in case of limited diversification availability. The potential of diversification in import risk
mitigation depends on risk weights assigned to supplier countries and a weighing of the
assessment criteria. With the assigned weights a maximum reduction in specific risks of
15.4% is attainable, which in every year between 2000 and 20015 assumes the supply share
from Russia to amount to 18.3%, Norwegian imports to 39.8%, Dutch supplies to 24.4% and
supplies from other supply sources to 17.5%.

Although import contracts between exporters and importers of natural gas are
substance of private business operations, national legislation has the potential of steering the
diversification process by offering companies suitable financial incentives. These could be
directed at investment financing of pipeline projects which are in accordance with national
diversification goals. Because of a decreasing marginal utility of diversification close
attention is to be paid to the risks of potential supplier countries. Further research may be
pointed at the inclusion of new supplier prospects and LNG imports, while the analysis of this
study focuses on diversification among the existing supplier set. Supplier countries could
thereby be evaluated by other than the applied criteria of the 4A of energy security but rather
by a narrower focus of accessibility and transit risk.

Because this work indicates an association between higher specific risks and lower
levels of oil-indexation, further analysis of the relationship between natural gas pricing and
import risk is suggested. Thereby pricing formulas different from the applied 6-3-1 indexation
formula can be tested in the modelling of historical market prices. Presuming data
availability, a focus on the developments after 2015 however should incorporate the price
development of the increasingly-important German hubs Gaspool and NetConnect. Lastly,
taking into account growing interconnectivity in the European gas market, a broader scope

can be used to assess gas import security on a European level.
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Appendix A: Discussion tables and figures

Table A.1: Proportionate distribution of 15 percent points of Russian imports in every year: The impact on specific risks

Year  Original Improved %
ISGt ISGt * Change

2000  0.095 0.082 13.2%
2001 0.172 0.152 11.3%
2002 0.166 0.148 10.7%
2003  0.109 0.096 12.3%
2004  0.095 0.084 11.6%
2005 0.158 0.141 11.0%
2006  0.098 0.087 10.8%
2007  0.115 0.102 11.3%
2008  0.195 0.171 12.1%
2009 0.229 0.209 8.6%
2010 0.182 0.165 9.3%
2011 0.374 0.340 9.3%
2012 0.179 0.164 8.6%
2013  0.126 0.115 9.0%
2014  0.343 0.313 8.7%
2015  0.187 0.178 4.8%
Average Contribution 10.2%




Table A.2: Distribution of 15 percent points of Russian imports in every year to one particular supplier country: The impact
on specific risks

Year Original Transfer  Transfer  Transfer to %
to Other to Norway Netherlands % % Nether-
Isg, Ig, * Isg, * Igg, * Other Norway lands
2000  0.095 0.081 0.083 0.086 141% 128%  9.0%
2001 0.172 0.150 0.153 0.160 124% 11.1% 6.6%
2002  0.166 0.145 0.150 0.155 12.5% 9.6% 6.8%
2003  0.109 0.094 0.097 0.099 14.0% 11.0% 9.1%
2004  0.095 0.081 0.084 0.087 143% 10.8%  7.9%
2005 0.158 0.137 0.143 0.146 13.3% 9.8% 7.6%
2006  0.098 0.084 0.088 0.091 13.6% 10.3% 6.7%
2007  0.115 0.098 0.102 0.106 14.7%  10.5% 7.8%
2008  0.195 0.167 0.174 0.176 143% 10.5% 9.6%
2009  0.229 0.203 0.214 0.215 11.4% 6.6% 6.1%
2010 0.182 0.159 0.168 0.170 12.6% 7.7% 6.3%
2011 0.374 0.328 0.345 0.352 12.4% 7.9% 6.0%
2012  0.179 0.156 0.166 0.169 13.0% 7.3% 5.4%
2013  0.126 0.112 0.114 0.121 11.2% 9.2% 3.8%
2014  0.343 0.301 0.316 0.327 12.3% 8.0% 4.7%
2015 0.187 0.166 0.177 0.187 11.2% 5.2% -0.1%
Average Contribution 13.0%  9.3% 6.5%
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Table A.3: 25% contribution of every supplier country to the import portfolio: The impact on the specific risk index

Year  Original Improved %

ISGt ISGt * Change

2000 0.095 0.081 15.0%
2001 0.172 0.152 11.2%
2002  0.166 0.149 10.2%
2003  0.109 0.095 13.2%
2004  0.095 0.082 13.0%
2005  0.158 0.141 11.2%
2006  0.098 0.086 11.8%
2007  0.115 0.099 13.2%
2008  0.195 0.169 13.4%
2009  0.229 0.211 7.7%
2010 0.182 0.165 9.2%
2011  0.374 0.341 9.0%
2012 0.179 0.162 9.3%
2013  0.126 0.115 8.7%
2014  0.343 0.313 8.8%
2015  0.187 0.174 7.2%

Average Contribution 10.7%
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Appendix B: Figures on Germany’s natural gas imports
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Figure B.1: Gross imports of energy sources to Germany: 2000 — 2015 (AGEB, 2018)
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Figure B.2: Annual gas imports to Germany in million TJ: 2000 — 2018 (BAFA, 2019)
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Figure B.3: Share of Imports in Germany's natural gas import portfolio: 2000 — 2015 (BAFA, 2019)



Appendix C: Figures on the computation of market price basket
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Figure C.1: Price development of continuous future contracts relative to respective January 1999 average prices
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Appendix D: The analytical hierarchical process (AHP)

Following the example of Wabiri and Amusa (2010) risk weights are assigned to every
supplier country based on a series of comparative judgements applying an analytical hirarcical
process (AHP, Saaty, 1980) displayed in Figure D.1. The AHP structures the assessment
process into the three levels of focus, criteria and alternatives. Focus of Germany’s import
diversification is improved energy security. Attaining this goal is possible by making a choice
between supplier alternatives. Criteria of this selection are the four elements of the 4A
concept of energy security (Availability, Accessibility, Affordibility and Acceptibility)

(Kruyt, van Vuuren, H.J.M., & Groenenberg, 2009). In order to assess supplier countries’s
importance for decision makers in Germany, the meaning of each element of the 4A criteria is

formed around the specific scenario from a German import perspective.

Improved Energy

Focus Security
Criteria Availability Affordability Accessibility Acceptability
A:tisgrsla- Norway Russia Netherlands Other

Figure D.1: The decision hierarchy model for assessing supplier countries according to a judgement along the 4A of energy
security

Availability provides a judgment of a country’s relative endowment with natural gas
recourses compared to the other supplier countries in the portfolio. Accessibility is an
estimation of countries’ proneness towards the risk of disruption, whereby supply distances
are evaluated. Affordability evaluates whether business operations could suffer from
economic risks such as a potential loss of assets due to sanctions. Lastly, Acceptability is
descriptive of regulatory, environmental and ethical risks. Each country is evaluated against
all other supplier countries in all four assessment criteria, whereby higher values denote

higher importance to decision makers and therefore higher risks. Similarly, the judgment
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criteria itself is evaluated against each other according to the importance of each criterion
relative to other criteria. Table D.1 shows the assignable scale of values allowing for a
quantification of qualitative judgement criteria (Saaty, 1980). Values in between (e.g. 2)

thereby denote a settlement between the listed definition items.

Table D.1: Comparative judgements and numerical equivalent (Saaty, 1980)

Definition Intensity
Absolutely the most important 9
Much more important 7
More important 5
Slightly more important 3
Equal importance 1
Slightly less important 1/3
Less important 1/5
Much less important 1/7
Absolutely less important 1/9

With these value scales, a pair wise comparison is generated first for the judgment
criteria itself (Table D.2). A value of 3 for Accessibility for instance means that for the goal of
improved energy security Accessibility factors are slightly more important than Affordability
factors, and with a value of 5 also more important than factors concerning Acceptability.
Secondly, for each criterion a pair wise comparison among supplier countries is undertaken,
whereby Table D.3 denotes the results for such comparison for the Affordability criterion. As
expressed before, this judgement criterion here describes risk factors from an economic
standpoint, such as the risk of a loss of assets as a consequence of economic sanctions. A
value of 5 (Table D.3) thereby indicates that economic risk factors (e.g. sanctions) are
regarded more important with regards to Russia, than for Norway and the Netherlands, and

slightly more important than for Other.

Table D.2: Pair wise comparison matrix (A) for the judgement criteria

Availability Affordability Accessibility Acceptability
Availability (av) 1 1 1 3
Affordability (af) 1 1 1/3 5
Accessibility (as) 1 3 1 5
Acceptability (ap) 1/3 1/5 1/5 1
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Table D.3: Pair wise comparison matrix of supplier countries according to importance of Affordability factors

Norway Netherlands  Russia Other
Norway (afyo) 1 1 1/5 1/2
Netherlands (afy.) 1 1 1/5 1/2
Russia (afz) 5 5 1 3
Other (afy) 2 2 1/3 1

Starting with the comparison of judgement criteria, weights for each criterion are
generated using the Eigen vector method (Aw = Aw), in which A represents the comparison
matrix for the judgement criteria (Table D.2), w is the vector for criteria weights (av, af, as,
ap) normalised to 1 and A is the Eigen value approximating 4. Likewise, for every criterion
the same method is applied, such as for the Affordability criterion (Aaf = Aaf), in which A
represents the comparison matrix with regards to this criterion (Table D.3), af is the vector of
assigned weights (afy,, afne afr, afp) and A is the Eigen value approximately equal to 4.
The same procedure is applied for the remaining three criteria to derive the weights for
Availability av (avy,, avye, avg, avy), Accessibility as (asy,, asSye, asg, aspy) and
Acceptability ap (apyo, abne, apr, apo)- The final risk weight for every supplier country is
then calculated as a sum of the weighted measure of all applied criteria (Table D.7). For

Norway for example, the final risk weight is equal to (avy, X av) + (afy, X af) +

(asy, X as) + (apy, X ap).

Table D.4: Calculation of risk weight coefficients for supplier countries

Risk weight

Availability
(av)

Affordability
(af)

Accessibility
(as)

Acceptability
(ap)

(wy)

Norway

AVpo

afNo

aSpyo

aPno

(avy, X av) +

(afno X af) +

(asy, X as) +

(apno X ap)

Netherlands

AVpe

afNe

ASpe

aPne

(avye X av) +

(afNe X af) +

(asye X as) +

(apye X ap)
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Russia

avy

asg

apgr

(avg X av) +

(afg X af) +

(asg X as) +

(apr X ap)

Other

av,

afo

aso

apo

(avy X av) +

(afo X af) +

(asp X as) +

(apo X ap)
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Appendix E: Unit conversion table

Table E.1: Unit conversion table (Norwegian Petroleum Directorate, n.d.)

1Sm® = 35.315 SCF (scf) SCF - Standard Cubic Feet
1SCF = 0.028317 Sm?®
1sm? =~ 40 MJ=11.111  Energy content varies; 40 MJ is used as

kWh standard
1Sm® = 37913 BTU BTU - British Thermal Unit

MJ kWh BTU

MJ  Megajoule 1 0.2778 947.81
kWh Kilowatt hour 3.6 1 3412.13
BTU British Thermal Unit 0.001055 0.0002931 1
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Energy Policy is an international peer-reviewed journal addressing the policy implications of energy
supply and use from their economic, social, planning and environmental aspects. Papers may cover
global, regional, national, or even local topics that are of wider policy significance, and of interest to
international agencies, governments, public and private sector entities, local communities and non-
governmental organisations. Within this broad spectrum, topics of particular interest include energy
and environmental regulation, energy supply security, the quality and efficiency of energy services,
the effectiveness of market-based approaches and/or governmental interventions, technological
innovation and diffusion, and voluntary initiatives where the broader policy implications can be
recognised. Policy prescriptions are required to be supported by rigorous analysis and balanced
appraisal.

Energy Policy considers the following types of papers for publication: Full Length Articles (normally
4,500-8,000 words; the editors will consider papers of exceptional merit up to 10,000 words; authors
submitting a full-length article of more than 8,000 words also must submit a brief statement in a cover
letter, explaining the exceptional merit of the submission to energy policy) Short Communications
(less than 4,500 words) Reviews (by invitation only) (maximum of 10,000 words) Please note: the
word count for all article types does not include the abstract, figures, tables, appendices, footnotes,
funding, acknowledgements, and references. The journal may also consider the following items: Policy
Perspectives (up to 4,500 words) Correspondence (up to 2,000 words)

A Policy Perspective is a short, opinion-type contribution that normally does not offer original research.
Nonetheless, a Policy Perspective should present well-reasoned and fully considered thinking to reach
conclusions that are germane to important policy issues in energy supply or use. The number of Policy
Perspectives per journal volume may be limited at the discretion of the editors.

A Correspondence may critique a recently published paper. The author(s) of the original paper will be
invited to reply, so that the Correspondence and the Reply can be published at the same time.

The entire submission process is handled online via: http://ees.elsevier.com/jepo. Authors should
select the appropriate 'article type' from the drop down menu.

For all article types you will be required to select a category, for guidance and an explanation of each
category can be found here.

Editors evaluate all manuscripts first. Manuscripts rejected at this stage are either insufficiently
original, or have scientific flaws, poor grammar/English language, or are outside the aims and scope
of the journal. Failure to follow the Guide for Authors and the article structure will result in the
manuscript being returned to the author.

Manuscripts that meet the minimum criteria are passed to two subject matter experts for in-depth
review and we provide our reviewers with a template to assist in their review, click here for template.
The Referees advise the Editors. The Editors are responsible for the final decision regarding acceptance
or rejection of articles. The Editor's decision is final.The Editors will not consider papers previously
rejected by the Journal.

Revising authors are required to submit the revised version of their manuscript within 30 days. Authors
will receive a reminder prior to the end of this period and a final reminder 7 days after. Without
response, manuscripts will be withdrawn after 15 days.
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Enquiries for Energy Policy can be sent to: energypolicy@elsevier.com

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson’ instead of 'chairman’ and 'flight attendant' instead of 'stewardess').

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the gold
open access publication fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository and make this
public after an embargo period (known as green Open Access). The published journal article cannot be
shared publicly, for example on ResearchGate or Academia.edu, to ensure the sustainability of peer-
reviewed research in journal publications. The embargo period for this journal can be found below.
Gold open access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse.

¢ A gold open access publication fee is payable by authors or on their behalf, e.g. by their research
funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:
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Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The gold open access publication fee for this journal is USD 3150, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of green open
access options available. We recommend authors see our open access page for further information.
Authors can also self-archive their manuscripts immediately and enable public access from their
institution's repository after an embargo period. This is the version that has been accepted for
publication and which typically includes author-incorporated changes suggested during submission,
peer review and in editor-author communications. Embargo period: For subscription articles, an
appropriate amount of time is needed for journals to deliver value to subscribing customers before
an article becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Please submit your article via http://ees.elsevier.com/jepo

Please submit the names and institutional e-mail addresses of several potential referees. The best
referees are those who do research that is closely related to your submission. The editors of Energy
Policy are not generally available as reviewers and should not be recommended as such. Given the
potential conflict of interest, people at the same institution(s) as the author(s) also should not be
recommended as reviewers. Note that the editors retain the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION
Submission to this journal proceeds totally online and you will be guided stepwise through the creation

and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.
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As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, i.e. Highlights, Abstract, Keywords, Introduction, Methodology,
Results, Conclusions and Policy Implications. Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Energy Policy is a multidisciplinary journal that focuses on policy issues involving energy supply
and use, and it has a multidisciplinary readership that includes academics, policymakers and policy
analysts. Writing for all these audiences simultaneously demands much from our authors and the
editorial process. A cloud of mathematics does not suffice, nor does unsupported opinion. We seek
well-informed judgment and careful thinking in examining energy policy issues.

The ideal Full-Length Article or Short Communication would contain original research and be built
around the policy issue on which it intends to shed light. The title should convey the policy relevance
of the work rather than the technical content.The abstract also should contain at least one statement
about the policy content.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Subdivision-numbered sections

Divide your article into clearly defined and numbered sections, 1., 2., etc. Subsections should be
numbered 2.1 (then 2.1.1, 2.1.2, ...), 2.2, etc. (the abstract is not included in section numbering,
and the introduction should be sufficiently concise to make subsections in it unnecessary). Use this
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numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection should be
given a brief heading. Each heading (or subhead) and its number should appear on its own separate
line.

Introduction

This section is mandatory. In this required section, concisely state the objectives of the work, provide
an adequate background to provide for the context of the work, and indicate the contribution of the
work to the energy policy literature. In the introduction, discussions of the background and literature
should be limited to that necessary for informing readers about the motivation and significance of a
paper. The Introduction should be understandable by most Energy Policy readers - a multidisciplinary
audience comprising academics, policymakers and policy analysts. As such, the section should be
relatively free of disciplinary jargon and acronyms.

Background and Literature Review Sections

If considered necessary, any background and literature review sections would be placed between
the introduction and the methodology sections. Extensive discussions of background information and
the literature do not belong in either the introduction or the methodology sections. In general, we
recommend that authors who find it necessary to write background and literature review sections to
consider minimizing them in length before submitting the final manuscript.

Methodology
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference with only relevant modifications described.

Data
The data should be presented clearly and concisely.

Results and Discussion

This section (these sections) should describe the results and explore the significance of the results
of the work. A combined Results and Discussion section is often appropriate. Although comparisons
with the findings in previous research may be appropriate, avoid extensive citations and discussion
of already published literature.

Conclusions and Policy Implications

This section is mandatory, and it should present the main conclusions and policy implications of the
study. The section should be comprehensible without reading the entire paper, and it needs to be
understood by a multidisciplinary audience that includes academics, policymakers and policy analysts.
As such, the section should be relatively free of disciplinary jargon and acronyms. Given the aims
and scope of Energy Policy, it is essential that all manuscripts provide a discussion of the implications
for policy.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all nhames are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
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e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract, of no more than 200 words that includes a statement about the
policy content of the paper, is required. Please include the abstract in the manuscript file, right at
the beginning of the document. The abstract should state briefly, the purpose of the research, the
principal results and major conclusions. An abstract must be able to stand on its own. For this reason,
references should be avoided, but if essential, then cite the author(s) and year(s). Also, hon-standard
or uncommon abbreviations should be avoided, but if essential they must be defined at their first
mention in the abstract itself.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Immediately after the abstract, in the main manuscript file, provide a maximum of 6 keywords, using
British spelling and avoiding general and plural terms and multiple concepts (avoid, for example,
'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).
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Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

o Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables should be cited in the article, but
loaded as a separate file under the category 'table'(it is not necessary to embed tables within the
manuscript). Number tables consecutively in accordance with their appearance in the text and place
any table notes below the table body. Be sparing in the use of tables and ensure that the data
presented in them do not duplicate results described elsewhere in the article. Please avoid using
vertical rules.
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
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