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Preface

This report is an update and an extension of the report ‘EU Standards for energy security of

supply’ by the same authors, ECN report number ECN-C--06-039/CIEP, published in June

2006. Included in this update are:

e An update of the conceptual models underlying the Crisis Capability Index and the Sup-
ply/Demand Index (S/D Index).

e Quantification of the latter S/D Index for all EU-27 Member States and the EU-27 as an
aggregate, for the years 2005 and 2020.

The latter quantification is based on the updated ‘Trends to 2030’ scenario published in May
2006 by the European Commission, Directorate-General for Energy and Transport.

! Scheepers, M.I.I., A.J. Seebregts, J.J. de Jong, .M. Maters (2006): EU Standards for Energy Security of Sup-
ply, ECN-C-06-039, ECN/CIEP, Petten/The Hague, the Netherlands, June 2006. Available at:
http://www.ecn.nl/docs/library/report/2006/c06039.pdf
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Summary

Increasing awareness of the EU’s growing energy import dependency has put the issue of en-
ergy supply security high on the policy agenda again. The other two main goals of energy pol-
icy are facilitating properly functioning energy markets and minimising the environmental
impact of energy use. These latter two goals both have an EU framework for defining and as-
sessing policy instruments. Such a framework is largely absent for energy supply security,
which, over time, has remained a national policy of the Member States. Some partial frame-
works do exist, but only on an energy sector basis, such as an oil supply emergency frame-
work and to a lesser extent for natural gas. Yet, there is no overall framework for the full en-
ergy balance.

In a 2004 study on Energy Supply Security and Geopolitics, prepared for the European Com-
mission’s DG TREN, CIEP recommended developing an EU standard for energy supply secu-
rity (CIEP, 2004). Such a standard, if adopted by all Member States (MS), could facilitate a
more objective review and assessment of the supply security of the entire EU and the individ-
ual MS’ medium and longer term energy balances. It would help to reinforce coherence and
efficiency of EU and MS’ energy policies through a process of consultation and coordination,
while acknowledging the asymmetries among the Member States. The underlying study was
performed by ECN and CIEP and aims to provide a model, based on standards, for the EU
and its Member States to assess energy supply security. Based on this model the MS can dis-
cuss, review and adapt their underlying national energy policies on the basis of pre-agreed cri-
teria where necessary. The standards could in time develop into a policy instrument that not
only allows the MS to optimise their national energy security of supply policies, but also help
streamline policy instruments among MS to produce an improved EU security level. The
model could be particularly useful in the context of the Strategic EU Energy Review, as pro-
posed by the EU Commission in its 2006 Green Paper on EU energy policy (EC, 2006).

From a consumer’s point of view it is less relevant what causes a supply shortage or supply
disruption and which part of the supply chain is causing the trouble. Therefore, the starting
point of this study is that an assessment of energy supply security should include all possible
causes of supply shortages and disruptions and comprehend the total supply chain. Further-
more, a Member State’s energy security relates to the short-term risks as well as the changes
of these risks in the longer term. Such a distinction in the model is relevant because of the dif-
ferent types of policies concerned (e.g. emergency measures to mitigate sudden supply inter-
ruptions in the short term and fuel mix changes to reduce security of supply risks in the longer
term).

The model developed in this study focuses on a process that is based on a common and objec-

tive framework for reviewing and assessing energy supply security on the basis of pre-agreed

criteria. The model uses two quantitative indicators and includes some qualitative considera-

tions:

1. The first indicator deals with the risk of sudden unforeseen short-term supply interruptions
and the capability to manage them. This is the Crisis Capability or CC Index.

2. The second quantitative indicator is covering full energy supply and demand balances,
both present and future ones. This is the Supply/Demand Index or S/D Index.

3. The qualitative considerations concerning international and multilateral measures for se-
curing overall producer/consumer relations and safeguarding vulnerable transport routes
for oil and gas.

ECN-E--07-004/CIEP 7



Crisis Capability Index

The Crisis Capability Index (CC Index) combines the risk of a country to be confronted with
sudden supply interruptions and its potential impact (the Risk Assessment, RA) and the capa-
bility of that country to manage and mitigate these impacts (the Mitigation Assessment, MA).
Each country is invited to make its own RA and MA on the basis of checklists with some sim-
ple scoring values. If the RA is higher than the MA value, the CC Index gets a value of less
then 100. The CC Index methodology has been discussed and partially tested with Dutch and
Irish SoS experts.

Supply/Demand Index

The S/D index aims at review and assessment of energy security of supply in the medium and
longer run. The S/D Index covers final energy demand, energy conversion and transport and
primary energy sources (PES) supply. It uses four types of inputs, two objective types and
two types of a more subjective nature. The objective inputs concern the shares of different
supply and demand types (i.e. for demand: industrial use, residential use, tertiary use and
transport use; for supply: oil, gas, coal, nuclear, RES and other) and the values characterizing
capacity and reliability in conversion and transport based on the secondary energy carriers
(electricity, gas’, heat and transport fuels). Figure S.1 displays the conceptual model of the
elements considered in the overall S/D Index.

Industry Efficiency
Deman Residential Conversio Adequacy
i Electrici
Tertiary Reliability
Transport Inland congestion
S/D index Transpo Adequacy<' g

Conversion, Import capacity
Transport Reliability

Adequac Inland congestion
Transport
Gas < Reliability |mp°rt capacity
Storage/Flexible production
Adequacy
Suppl Conversion —— cHP
Hea\<: Reliability

Transport

Efficiency
Conversio
Transport Fuels< Ad_GCI_u.acy
Transport Reliability

oit
womestic EU+NO
Gas (like oil) Impoﬁ(

PE Non-EU—» Long Term contracts
Coal (only Domestic/Import)

Nuclear (only Domestic/Import)
RES (only Domestic/import)
Other (only Domestic/Import)

Figure S.1 The Supply/Demand Index Model Structure

The subjective inputs concern the weights that determine the relative contribution of the dif-
ferent components in the Index (such as the relation between supply and demand outputs in
the Index, or the relation between EU imports and non-EU imports) and the scoring rules for
determining various Index values reflecting different degrees of perceived vulnerabilities.

2 The updated S/D Index model now has a separate branch for the secondary energy carrier Gas.

8 ECN-C--07-004/CIEP



Quantitative results for the EU-27 and its Member States

The use of the S/D Index is illustrated with examples for the EU-27 and its Member States for
they years 2005 and 2020. The examples are based largely on objective information contained
in energy balances, derived from mainly Eurostat (Eurostat, 2006) and IEA statistics (IEA,
2006) and the ‘EU Trends to 2030 - update 2005’ baseline scenario (EC, 2006b). The S/D In-
dex model combines that information with weighing factors and scoring rules, using existing
indicators where possible. The most important uncertainties are scrutinised by some sensitiv-
ity analyses. The base case and indicative results for the year 2005 and 2020 are displayed in
Figure S.2 and S.3, respectively, ordered by SoS position: the higher the S/D index value, the
better the SoS position.

2005 Scores

The average value of the S/D index in 2005 is about 56. The range is from 82 (Denmark) to
25 (Cyprus). The differences between MS are mostly caused by differences in the PES (Pri-
mary Energy Sources) parts, caused by both the relatively large spread in the PES sub-index
(ranges from 0 to 97, average of 53), see Table S.1, and the relative high weight of the PES
sub-index (0.49) in the total S/D Index. Member States with high import dependencies for oil
and gas, combined with high shares of these imports originating from outside the EU/Norway,
have a relatively low score, i.e. an S/D Index below 50. Such MS include: Cyprus, Luxem-
bourg, Malta, Latvia, Greece, Lithuania and Portugal. On the other hand, MS that are net ex-
porting for gas and/or oil have a relatively high score, i.e. an S/D Index of 60 or higher. Ex-
amples are Denmark (82) and the United Kingdom (80). In addition, MS that are net import-
ers but mainly from within EU/Norway also get high scores. An example is Ireland (75), and
to a lesser extent Sweden (70). The Netherlands (69) has a high score due to being a net gas
exporter. Romania (70) has relatively low import dependencies for oil and gas, added to mod-
erate shares of coal/nuclear in its PES mix. France (64), Czech Republic (64), Germany (63)
and Poland (60) have high scores due to their large shares of nuclear and/or coal in the PES
mix. As most of the largest MS (Germany, France, United Kingdom) are part of the best scor-
ing MS, the EU-27 aggregate score is also relatively high (65).

2020 Scores using the updated DG TREN baseline scenario

On average, the S/D Index decreases by almost 3 points compared to 2005 (from 56 to 53),
mainly caused by a decrease in the PES sub-index (decrease of 6 points). So, the SoS position
is somewhat less in 2020 than in 2005. The division into low/intermediate/high scoring MS
does not really change when compared to today’s situation (compare Figure S.1 with Figure
S.2). In an absolute sense, Ireland and the UK observe the largest decrease in S/D Index (17
and 13 points, respectively), but both remain as relatively high scoring MS in 2020°. PES sub-
index scores decreases are generally caused by higher import dependencies in 2020 and
higher shares of imports from outside EU/Norway. For some MS, a combination of increasing
shares of gas and decreasing shares of coal/nuclear also contribute to a decrease in the PES
sub-index, and hence in the S/D Index. Some examples of this latter effect are Belgium, Esto-
nia and Poland. The C+T (Conversion and Transport) sub-index increases on average (almost
5 points) due to the improved overall efficiency of electricity generation and higher shares of
CHP in electricity production. Changes in the Demand sub-indices are moderate, which on
the one hand reflects a ‘moving’ benchmark value based on the best performing MS, and on
the other hand, a stand-still of the residential energy intensity benchmark. On average, a de-
crease of 2 point is observed, mainly due to a higher value of the residential energy intensity.

For MS that are net exporters (e.g. UK) or that have low shares of imports coming from outside EU/Norway
(Ireland) in the year 2005, a generic assumption has been imposed for the year 2020, as such origin data are not
known from the scenario. It is assumed that 50% of the imports of oil and gas come from outside the
EU/Norway. For the other MS, the origins of these imports have been assumed equal for 2005 and 2020.

ECN-E--07-004/CIEP 9
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S/D Index, 2020
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Table S.1 S/D Index and Sub-indices, base case update S/D Index Model

S/D Index Primary Conversion and Demand
Energy Sources Transport
EU-27-2005 65.4 65.3 75.1 58.7
EU-27-2020 62.1 56.1 82.7 57.4
BG-2005 59.0 60.4 74.6 45.8
BG-2020 53.9 51.4 82.1 38.3
AT-2005 56.6 44.6 85.5 55.8
AT-2020 54.1 39.0 89.7 53.9
BE-2005 57.2 61.9 61.1 46.9
BE-2020 55.1 51.8 73.3 47.7
CY-2005 25.1 4.4 425 46.7
CY-2020 27.0 5.8 43.5 50.0
CZ-2005 64.4 68.3 89.9 40.2
CZ-2020 60.9 60.9 92.2 38.9
DE-2005 62.7 64.9 60.0 60.8
DE-2020 62.9 59.7 71.7 62.0
DK-2005 82.1 93.6 79.0 65.6
DK-2020 82.9 95.9 79.9 63.7
EE-2005 54.8 63.9 48.4 44.6
EE-2020 48.9 49.7 54.4 43.8
EL-2005 43.9 34.1 48.4 56.7
EL-2020 41.8 29.5 53.6 53.7
ES-2005 51.0 37.2 73.8 57.6
ES-2020 50.1 345 79.4 54.9
FI-2005 534 61.5 51.5 41.6
FI-2020 53.6 61.9 51.5 41.6
FR-2005 63.8 67.8 57.4 61.8
FR-2020 65.7 69.5 61.3 62.5
HU-2005 54.8 49.0 78.3 47.8
HU-2020 49.5 39.9 80.3 43.5
IE-2005 74.5 94.9 53.7 55.8
1E-2020 57.8 58.9 58.0 55.8
IT-2005 49.5 29.3 67.8 69.8
1T-2020 49.0 31.1 67.3 65.6
LV-2005 40.2 31.6 51.8 46.1
LV-2020 40.6 35.0 55.1 39.7
LT-2005 45.1 25.5 60.3 66.6
LT-2020 43.0 22.9 65.7 60.0
LU-2005 28.2 11.2 67.7 28.2
LU-2020 31.7 15.9 70.5 30.2
MT-2005 30.4 0.2 31.8 78.6
MT-2020 322 2.5 335 79.9
NL-2005 69.4 72.9 90.0 49.2
NL-2020 70.4 75.0 91.4 48.2
PL-2005 60.2 68.5 55.9 49.6
PL-2020 54.8 58.1 60.6 45.4
PT-2005 46.6 27.3 70.7 61.3
PT-2020 45.2 26.8 74.1 551
RO-2005 69.9 77.1 86.2 46.9
RO-2020 61.0 63.2 86.3 39.7
SE-2005 70.4 87.5 49.0 57.3
SE-2020 70.6 79.1 64.0 61.2
S1-2005 52.2 49.5 73.0 41.8

12 ECN-C--07-004/CIEP



S/D Index Primary Conversion and Demand

Energy Sources Transport
S1-2020 49.1 429 75.4 40.7
SK-2005 50.6 47.5 80.4 34.8
SK-2020 47.0 42.1 82.3 30.1
UK-2005 79.6 97.0 66.2 60.5
UK-2020 67.4 69.4 72.4 60.8

Use of other scenarios

It should be noted that the development up to 2020 may be rather scenario specific. Quantifi-
cation of the policy scenarios, e.g. the ‘Scenarios on energy efficiency and renewables’, (EC,
2006c) rather than the baseline ‘Trends to 2030’ (EC, 2006b) scenario may give somewhat
different results.* In the previous report (Scheepers et al., 2006) other examples of the impact
of using other (country specific) scenarios have been presented (for the Netherlands and the
UK). The application of the S/D Index for Ireland is another example (SEI, 2006).

Use of the S/D Index as a benchmarking or policies comparison tool

The S/D Index model can be used for benchmarking and comparison purposes, for historic
recent years (statistics) or for the future (scenarios). For the purpose of an inter MS compari-
son (‘benchmarking of MS against each other or e.g. against an average or benchmark
value’), comparison of future situations will only make sense if the same overall scenario is
used for all MS. For the purposes of assessing the possible impact of different policies as re-
sulting in different future developments of the energy system, comparisons for a specific MS
or for the EU aggregate make sense. In that case, national MS specific scenarios can be used
to observe the effects of changes in the energy system over time, and to assess how policy in-
duced changes may have an effect on the energy system and how different policy options
compare to each other. Moreover, changes in S/D index values can be compared to other ef-
fects, e.g. the CO, reduction over the respective time period (2005-2020).

Multilateral actions

The qualitative factor is dealing with multilateral policies and makes a distinction between the
willingness of a MS to participate in multilateral approaches and programmes and its capabili-
ties to follow through on these intentions. Here again, the Member State is invited to develop
a policy document with these two elements, in which all kinds of energy diplomacy dealing
with producer/consumer relations is discussed, together with participations in joint projects
supporting these relations. A more controversial element might be the actions of a more mili-
tary nature, securing vulnerable transport routes of oil and gas.

Final remarks

Four final comments should be made:

1. Firstly, companies and consumers will remain primarily responsible for the (short-term)
security of their own energy supplies, making sure that they invest and contract for energy
in a timely manner. Governments are responsible for national energy balances and fuel
mixes. The use of a shared framework for assessing the energy situation in MS will also
uncover the impact of national policy choices on the EU energy market.

2. Secondly, it is important to stress that compatibility and compliance with existing emer-
gency arrangements and commitments under the IEA Treaty remain part of this proposed
policy review and assessment process.

3. Thirdly, the use of standards for security of supply provides a tool that allows for explic-
itly addressing trade offs between security of supply, mitigation of (CO,) emission and
cost.

* For the EU-25 as an aggregate, five of these policy scenarios have been quantified for the previous version of
the S/D index model (Groenenberg, 2006).

ECN-E--07-004/CIEP 13
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Lastly, if the EU wishes to embark on a review process based on standards, it is recom-
mended that the whole process be provided with a legal basis that would set procedures,
define inputs and data, determine responsibilities and boundary conditions and procedures
and periodicity. Such a legal basis could help to maintain the required level of compatibil-
ity and transparency and is perhaps best structured in a Council regulation.

ECN-C--07-004/CIEP



1. Introduction

The increasing import dependency in the European Union (EU), the growing concentration of
oil and gas supplies in a limited number of net-exporting countries/regions in the world and
the growing competition among consuming countries for scarce supplies has put security of
energy supply high on the political agenda again. This change in the international energy bal-
ances has raised concerns in the EU because the energy markets of the EU member states
(MS) are at the same time involved in a process of liberalization and making energy balances
more environmentally sustainable. Security of supply concerns are matched by security of
demand concerns in producer countries. Debates among producer and consumer countries fo-
cus required levels of investments, market access and diversity of demand and supply. Cur-
rent investment developments, together with market and regulatory uncertainties, have re-
sulted in a switch from a buyer’s to a seller’s market, further emphasizing the security of sup-
ply fears in consumer countries.

The competency of the EU in energy policy-making does not cover all three main goals, i.e.
the market, the environment and security of supply. Both the internal energy market and the
environment policies are based on a EU policy framework. Such a policy framework is nearly
absent for security of supply, where the MS have largely maintained their national compe-
tence or have agreed to share their competence in the International Energy Agency (oil market
emergencies).

Security of energy supply policies or policy initiatives are characterized by the fuel-by-fuel
and top-down approaches often proposed by the European Commission (EC). The history of
energy policy making in the EU entails a large series of attempts to formulate an EU-wide en-
ergy policy, including security of supply (Van der Linde and Lefeber, JWT 1988). The exis-
tence of two sectoral treaties (ECSC and Euratom) have further emphasized the sectoral and
top-down approach, thus preventing the capture of synergies and efficiencies in combining
the strengths of different policy approaches. Particularly the development of the internal gas
and electricity markets will stimulate more bottom-up approaches among increasingly inte-
grated neighbouring and integrated regional markets within Europe. These spontaneous de-
velopments can efficiently be used to improve EU energy policy-making, and translated into a
model of Standards of Security of Supply. Such a model would improve transparency and
confidence among the MS each other energy policy-making.

In the study on ‘Energy Supply Security and Geopolitics’ which was prepared for the Euro-
pean Commission’s directorate for transport and energy (DGTREN), CIEP recommended de-
veloping standards for EU and Member States (MS) energy supply security because “more
efficient, more flexible and tailor-made choices for Member States and their specific energy
security needs and their specific dependencies are possible”. (CIEP, 2004; p.27). Such stan-
dards would allow for an integrated and bottom-up approach to energy security rather than the
fuel-by-fuel and top-down approach prevailing in current energy-policy making. Rather, the
use of standards could help overcome the lack of a common security of supply framework be-
cause it creates transparency about national energy balances, exposure to certain risks and the
policies that attempt to avert these risks at a national level. Thus, it could show the MS the
advantages of cooperation and perhaps harmonization of certain security of supply policies.
Until now, these discussions were immediately set in a context of transferring competency to
the EU level. Instead, the standards could facilitate the review and assessment of the supply
security of the entire EU’s as well as MS’s individual medium and long term energy-balances.
Such a review process is proposed as the Strategic EU Energy review (EC, 2006).
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In the last three years ECN has published several studies in the field of quantifying supply se-
curity aspects (Jansen et al., 2004; Scheepers et al., 2004; Van Werven et al., 2005; Van Oost-
voorn (ed.) 2003; Kessels and Bakker, 2005). Based on this earlier work, in July 2005 CIEP
and ECN were invited by the Dutch Ministry of Economic Affairs to further elaborate their
ideas on a system of energy supply security standards. In October 2005 CIEP and ECN pre-
sented an outline for the development of such a system and the ministry subsequently com-
missioned CIEP and ECN to carry out a study, which should include both the standards as
well as the procedures to implement them. The objective being to reinforce coherence and ef-
ficiency of the EU and MS’s energy policies through a process of consultation and coordina-
tion between MS and the European Commission on the basis a set of agreed upon standards.
CIEP and ECN jointly published the result of this work in June 2006 (Scheepers et al., 2006).
During the second half of 2006, discussions were held with various experts at various levels
and from a number of EU member states. This resulted in new inputs in and new arguments
for CIEP and ECN thinking. As a consequence, the standards model was further elaborated
and somewhat expanded. In addition, the model has been applied for all 27 EU member
states, using the most recent relevant input data. Furthermore, parts of the June report have
been updated, taking account of more recent developments.

The study continues to aim at providing an instrument to help to the EU and MS to shape and
adapt their energy policies with a view to supply security. It could, more in particular, be use-
ful in the context of the Strategic EU Energy Review as proposed by the EU Commission in
its 2006 Green Paper on EU energy policy (EC, 2006) and as published in January 2007 (EC,
2007). This is further discussed in Section 2 of this study. Section 3 then elaborates the pro-
posed concept of energy security of supply standards. It explains the role of indicators in the
standards, followed by a description of the process for developing them. Moreover, the use of
SoS standards in a review process of energy supply security is elucidated. Section 4 discusses
the indicator to address short term risks and to be used in SoS standards: the Crisis Capability
Index. The indicator that has been developed for the more longer term is the Supply/Demand
index (S/D index) by which the medium and long-term security of supply can be assessed.
This is presented and discussed in Section 5. In Section 6 the use of the S/D index is further
illustrated with examples for the EU-27. Section 7 continues with the more qualitative issue
of multilateral action, followed by a possible combination of the two Indices in Section 8. The
report concludes in Section 9 with some final remarks.

The Appendices A to C provide additional details on the S/D Index model, its data used and
quantifications.
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2. The EU context

The recent Green Paper from the EU Commission is again drawing attention to the fact that
energy import dependencies for the EU as a whole are increasing. The increasing import de-
pendency has contributed to the recent elevation of energy on the political agenda of both the
EU and the MS. Figure 2.1 gives an indication of these developments, with overall energy
import dependency rising as much as up to 60% in the next 25 years.
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Figure 2.1 EU energy import dependencies
Source: Green Paper, EC (2006).

Taking a closer look at the various elements of the EU’s energy policy, a number of observa-
tions could be made. EU energy policy basically has three objectives, i.e. securing energy
supply continuity, securing properly functioning energy markets and promoting energy effi-
ciency, energy savings and the promotion of new and renewable energy sources. This latter
objective must also be seen in the context of the environmental impacts of energy production
and energy consumption. Two of these three objectives are based on a more concrete setting
and legal framework. EU energy markets find this setting not only in the EU Treaty itself and
its articles on competition, but also in the 2003 Energy Directives and its further implement-
ing building blocks. The same is to be noted for the environmental policy setting, with the
Kyoto-commitments and the Emission Trading System (ETS) as major implementing devices
together with various directives and EU policy instruments for regulating emissions, energy
efficiency and renewable energy.

It should be noted that, so far, a consistent set of instruments for the overall energy supply se-
curity, as well as a procedure for consultation and discussion is absent. On a sector basis there
are some important legal and policy commitments, such as for an oil supply emergency and to
a lesser extent for natural gas. However, an overall framework for the full energy balance is
lacking. It would therefore be appropriate to consider such a framework in order to effectively
assess supply security policies for the EU as a whole and to improve their consistency and co-
herency with the other two main objectives of EU energy policy, without immediately having
to address the competency issue. The process of Strategic EU Energy Reviews presents such
opportunities. This review has the ambition to “offer a clear European framework for national
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decisions on the energy mix, analysing advantages and drawbacks of different sources of en-
ergy.... and the knock-on effects of these changes for the EU as a whole.”

Such an EU policy review process, based on a common and objective framework where na-
tional policies could be discussed and reviewed, would be facilitated by using common pre-
agreed criteria in the context of an overall outcome for energy supply security. This process
could take place on a country-by-country basis, where each MS should use the common
framework reporting its national situation. Outcomes then could be assessed in a common
peer process, not only for the member states concerned but also for its impact on the EU as a
whole. The process could lead then to policy adjustments and if needed or desired, even with
quantitative targets. Though the framework and criteria for supply security will basically fo-
cus on energy supply issues, it could be possible to link them to environmental standards as
well, such as CO, emission reduction targets.

Security of Supply (SoS) assessments can be based on quantitative indicators reflecting the
energy supply security situation of the EU and its member states. This paper describes the de-
velopment and use of a security of supply indicator that is based on a MS’s or the EU’s sup-
ply and demand structure and can be used for assessing today’s energy security as well as en-
ergy supply security in the mid (10 years) and longer term (20 years). Furthermore, in a re-
view process the capability of the EU and Member States to accommodate short-term supply
interruptions can also be included in the assessment. Therefore, the framework proposed
should include a crisis capability indicator. In addition, generic or specific policies for en-
hancing external supply security could be added as well in the framework. The next section
elaborates the proposed framework in some more detail into a concept for EU Standards for
Energy Supply Security.
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3.  The concept of energy supply security standards

A security of supply risk refers to a shortage in energy supply, either a relative shortage, i.e. a
mismatch in supply and demand inducing price increases, or a partial or complete disruption
of energy supplies. The supply shortage or disruption affects the energy consumers that were
supposed to receive the supplies. From the consumer’s point of view it is less relevant what
causes the supply shortage or disruption and which part in the supply chain is giving the trou-
ble. A secure energy supply implies the continuous uninterrupted availability of energy at the
consumer’s site. Therefore, a review of energy supply security should include all possible
causes of supply shortages and disruptions and comprehend the total supply chain. A supply
interruption or physical shortage (limited availability) will have consequences for the con-
sumer, but also the supplier is affected and there are indirect effects for the economy and so-
ciety as a whole.

Security of supply risks can be managed in the short term and in the long term. On the short
term, shortages and unforeseen supply interruptions could be caused by technical and opera-
tional factors, by natural events as well as by human factors, but also by market distortions
and by geopolitical tensions. These short term risks could be assessed together with policies
to mitigate the short term impacts. Mitigation measures are emergency stocks, fuel switching,
demand rationing and reserve capacities. The probability of an energy supply risk and the im-
pact on economy and society depends to a large extent on the structure of the energy system
(fuel mix, origin of primary energy sources, energy transport infrastructure, conversions into
secondary energy, energy demand etc.). Changes in the energy system structure will influence
a MS’ security of supply risk, i.e. in the future the probability and the impact of a sudden
shortage can be different from today. A review of MS’ energy security should relate to the
short term risks as well as the changes of these risks in the longer term.

The concept proposed is one that is focussing on a process:

e A process for a strategic EU policy review; for discussion, evaluation, assessment, review
and adaptation wherever necessary.

e A process that is based on a common and objective framework where national policies
could be assessed using common pre-agreed criteria in the context of an overall outcome
for energy supply security.

The concept consists of two quantitative indicators and some qualitative considerations. Be-
cause demand and supply structures cannot be changed in a short time, one quantitative indi-
cator is dealing with the energy demand and energy supply structure in the medium and
longer term (the Supply/Demand Index or S/D Index). The other indicator deals with the ca-
pability of an energy system to accommodate short-term interruptions (this is the Crisis Capa-
bility Index or CC Index). The more qualitative considerations include, securing long-term
supplier/consumer relations between different states by effective energy diplomacy, participa-
tion in joint projects on political, economic and energy cooperation and joint actions to pro-
tect and safeguard vulnerable transport routes for oil and gas. Willingness and/or capability of
a member state could be included as a notion for participation in these multilateral actions.

In this process that has to be seen in the wider context of an overall common EU energy pol-
icy, SoS indicators can be used as a measure to indicate a desired state. This desired state
could be determined for individual member states or the EU as a whole. When the indicators
are used in a normative way, they become a SoS Standard. They would then have the charac-
ter of a ‘regulatory tool’. In this way the SoS Standard could even be developed into an abso-
lute value, eventually to be determined on the basis of a cost-benefit analysis. In case of a
supply crisis the social costs (e.g. high energy prices, loss of economic growth etc.) will be-
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come high if the level of the Standard is poor. On the other hand increasing the SoS level will
entail costs. An optimal SoS level can be determined by the balance of, on the one hand, the
estimated avoided social costs and the risk of a supply crisis and, on the other, costs for en-
hancing SoS (Mulder, 2003).

The alternative could be to use the concept as a ‘policy tool’, where standards are used in the
context of a framework to discuss, review, assess and where necessary adapt, the energy SoS
of individual MS, or a regional group of MS’s or the EU as a whole. The standards are then
used as criteria or benchmarks for assessing the security of energy supply and are aiming at
government behaviour, at policies. Such standards can, for example, indicate a minimum level
of energy supply security of an individual EU MS relative to the average level of security of
supply of the EU as a whole. In this way it can be used to stimulate member states with a rela-
tive poor energy supply security situation to take extra policy measures. A further option is to
use the standards as a policy target for a future situation compared to a historical situation.
The EU can for example decide that the level of SoS in the future should not become lower
than the level of SoS in the past.

In our approach, where we are focusing on a process, the idea of using standards for SoS as a
policy tool seems to be the most appropriate. In such a process we would further distinguish
between a conceptual phase and a more operational one. Especially the conceptual phase is
relevant for the two quantitative indexes we propose. These two indexes, the Supply/Demand
Index and the Crisis Capability Index, will be based on a number of objective and subjective
criteria. In Section 4 this will be discussed in more detail for the CC Index and in Section 5
for the S/D Index. During the conceptual phase, EU Member States will discuss the different
quantitative factors. These include the objective ones based on energy statistics, and the more
subjective ones, based on informed expert opinions. In addition there are a number of scoring
rules as well. This conceptual phase will be characterised by negotiations with political and
policy oriented considerations.

In the second, operational phase the new tool will be applied and used in a review process.
The SoS standard(s) can be used at EU level, for EU member states individually, but also to
assess the supply security situation for a sub-region of a few EU member states. Both the cur-
rent energy supply security can be assessed as well as future situations using energy scenarios
such as the EU Trends to 2030 (EC, 2006b). Moreover, specific policies can be assessed with
use of the SoS standard(s), for example: can the supply security be improved by a certain
change in fuel mix? Such a ‘what-if* type approach can be done both on a national and on a
European level. It is in this phase that the SoS standards could be applied in the context of the
EU Strategic Energy Review.

However, it is stressed that companies and consumers will remain primarily responsible for
the (short-term) security of their own energy supplies, making sure that they invest and con-
tract for energy in a timely manner. Governments are responsible for national energy balances
and fuel mixes. The use of a shared framework for assessing the energy situation in MS will
also uncover the impact of national policy choices on the EU energy market. Moreover, it is
also important to stress that compatibility and compliance with existing emergency arrange-
ments and commitments under the IEA Treaty remain part of this proposed policy review and
assessment process.

Lastly, if the EU should wish to embark on a review process based on standards, it is recom-
mended that the whole process be provided with a legal basis. A basis that would set the pro-
cedure, define the inputs and data, determine responsibilities and boundary conditions and
procedures and periodicity. Such a legal basis could help to maintain the required level of
compatibility and transparency and is perhaps best structured in a Council regulation. The
Commission could set the values that are employed after a comitology procedure. But again,
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before starting a process of legalising the idea, an in-depth consultative process should be
recommended, where various inputs, attributes and rates are analysed and tested.
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4.  The Crisis Capability Index

This Section describes an indicator for the assessment of the capability to mitigate an energy
supply security crisis. Short-term actions and short-term results are the main items to be ad-
dressed, being more a question of weeks than one of months. The indicator combines an as-
sessment of a Member State’s risk to be confronted with sudden supply interruptions and its
potential impacts (Risk Assessment: RA) and the capability of that country to mitigate these
impacts (Mitigation Assessment: MA). If the risk is high, more emphasis should be put on ef-
fective crisis capabilities than when this risk is low.

4.1 The Risk Assessment

For assessing risks of sudden and unforeseen supply interruptions the main elements of the
energy system will be considered. Domestic production, imports, conversion and transport
will all be assessed for their different risks of short-term interruptions. Primary domestic en-
ergy production (oil, coal, gas and renewable energy sources), could have various degrees of
risks for interruptions. Production could take place in difficult and remote areas, or with in-
stallations that are becoming obsolete or meeting operational problems for whatever reason.
Environmental restrictions or accidents could be part of the assessment. Import risk assess-
ments could be more specific, dealing with politically inspired interruptions for oil and gas,
with sea transport risks when choke points are passed. Political interventions, but also acci-
dents could create sudden supply interruptions. Transit routes over land for oil, gas and elec-
tricity also have their vulnerabilities, where again both political and accidental causes could
create interruptions.

Power generation as such could also be subject to unforeseen shortfalls. A large dependence
on climate based intermittent sources such as wind or hydro, but also environmental restric-
tions for using open surface cooling waters could lead to these interruptions. Technology risks
could also play a role, especially if several units are deploying the same specific new techno-
logical devices and a serious incident occurs in one of them. This could be specifically rele-
vant for nuclear power plants. Similar events could happen in oil refineries or in LNG-
terminals and regas-facilities. Here again, climate factors could trigger activity interruptions,
such as have happened with the 2005 hurricanes Rita and Katrina in the US Gulf. Social con-
flicts such as strikes of refinery workers or blockades of these facilities can interrupt the sup-
ply of transport fuels. Energy transmission and distribution networks could also add to the
risk of supply interruptions, where maintenance (including wood management) or poorly
managed operational procedures could be determining factors.

Table 4.1 shows a checklist for risk assessment for sudden supply interruptions. The different
elements of the energy system are grouped into five categories covering energy production,
import, conversion and transport. For each element three types of risks are distinguished: (1)
technical and organisational factors, (2) human factors (incl. human failures and deliberate
actions such as terrorist attacks) and political factors and (3) natural events. Each individual
cause for a sudden supply interruption risk listed in the checklist should be assessed on the
basis of the probability of such a risk and the impact of this risk on the energy system and on
society. The risk can be valued with a figure indicating no (0), low (1), medium (2) or high
risk (3). Not all energy system elements are of equal importance in a country’s energy supply.
Therefore, for each element the risk assessment score is multiplied, dependent on the cate-
gory, by the relative share in primary energy sources (PES), final energy demand (FED) or
total energy import. Adding the individual values together and multiplying the total by 100/48
results in the Risk Assessment sub-index (a value between 0 and 100).
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4.2 Mitigation & Emergency measures

Measures to handle or to manage short-term sudden supply interruptions are in place in many
MS. This is partly due to international commitments such as the IEA Treaty and partly due to
national contingency planning. The measures should be summarised in five groups, i.e. strate-
gic or emergency stocks, demand restraint (including rationing), fuel switching capabilities,
reserve capacity and locked-in production capacity. Describing measures is one thing: testing
and verifying them is another one, where a distinction should also be made between national
and international test runs (including the IEA’). Here again, the MS should come with an in-
formed description of its Mitigation Package, where the various measures should be listed on
the basis of an ex ante set checklist.

With respect to oil emergency stocks, there is the EU requirement to maintain strategic stocks
covering 90 days of oil consumption®. With respect to other emergency stocks, there is no in-
ternational commitment for gas, but there may be specific national provisions for short-term
interruptions. However, there is an EU-procedure requiring consultation and eventually com-
mon action in case of sudden gas supply interruptions’ and there are also proposals from the
Visegrad-countries® to establish a regional scheme for securing gas supplies in a crisis situa-
tion. With respect to coal, there have been EU-rules in the past, requiring power plants to hold
a minimum level of 30 days of coal stocks, but this requirement was terminated in the mid
1980s. With respect to uranium there have been attempts in the past to set up strategic stocks
for (enriched) uranium, but this has never been accepted by MS.

With respect to demand restraint & rationing devices, IEA members have the option to use
these measures in the case of an oil emergency. In addition, the IEA has provided a menu for
options to introduce short-term conservation measures, especially during an oil emergency’.
Restraining demand in an emergency situation is very complex in modern societies. Leaving
this to the market could be the most economic option, but from a political viewpoint this is
highly unlikely. Measures that were effective in the past, such as Sunday driving bans, would
create numerous difficulties. Rationing procedures, pro rata obligatory delivery cuts or prior-
ity schemes could be feasible, but would need political choices as to priority setting. These
options are relevant for both electricity supply and supply of transport fuels. An alternative
might be the use of interruptible contracts (gas) or demand response contracts (electricity),
where both the supplier and the consumer could use the option to interrupt or restrain deliver-
ies and either lay down their activities or make use of alternative energy options. In essence,
effective demand restraint measures could help secure energy supply at the level of the con-
sumer market, by fair allocation of available supplies for all consumers.

5> Not all EU-25 members are member of the IEA (Poland, Slovenia, Slovakia, the 3 Baltic States, Malta and Cy-
prus), so some provision has to be taken into account for this.

EU Directive 68/414 as amended in 1998.

EU Directive 2004/67.

Poland, Hungary, Slovakia and the Czech Republic.

Saving oil in a hurry; IEA/OECD, Paris 2005.
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Fuel switching capabilities could be seen as an alternative to demand restraint. Switching
from one energy source to another for the same installation could then mitigate further supply
shortfalls. This could especially be the case for large energy users that have dual-firing capa-
bilities. Partly or temporarily softening environmental restrictions could be necessary to make
effective use of these options. A country may either have policy in place to promote or en-
force fuel switching, but practical realities and technological boiler specifications that are lim-
iting broad quality ranges of fossil fuel usages are increasingly restricting short-term fuel
switching in a number of countries. Here again, the country concerned could indicate in its
standard the option of fuel switching capacity, however not in terms of theory, but in proven
practicable terms.

As to production capacity, a distinction is made between reserve capacity available in the sub-
surface energy supply system and (underground) locked-in energy production. Reserve ca-
pacities for electricity could be found in power generation capacity (including mothballed ca-
pacity or allowing more flexible use by softening environmental limits) and in interconnec-
tions with additional import capacity (for instance by allowing more imports when temporar-
ily operational safety limits are softened). For gas, reserve capacity could also be found in
transmission lines, allowing temporarily more flexibility. For oil products, refinery runs could
be changed allowing for instance more production of transport fuels.

Increasing locked in energy production, using system flexibility or other various forms of
spare domestic production capacities could be very interesting as well. These additional pro-
ductions have to exist, however, which is becoming less likely in tightening overall supply
situations. If they do exist, they will very often require special conditions, both in economic
and in environmental terms. Under the IEA emergency scheme, oil producers such as Norway
and the UK were allowed to use these options in meeting their emergency obligations. The
same was true for the US with their Naval Petroleum Reserves. Gas production might also be
increased in the short term, as is still the case in Norway or the Netherlands. But here again,
decreasing gas production in the medium term will put further limits on these options.

Table 4.2 shows the checklist that can be used to assess the Mitigation Program. If a measure
is implemented this measure will be rated with ‘1’; if it is not available the value will be ‘0’.
The value will become 2’ if the measure is implemented and tested, i.e. the measure should
have been demonstrated in practice or procedures should have been tested. The scores are
multiplied by the share relative share in primary energy sources (PES) or final energy demand
(FED) similar as in the Risk Assessment checklist. The value of this Mitigation Assessment
(MA) sub-index can be calculated when the total score of the checklist is multiplied by 10,
resulting in an index value between 0 and 100.
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Whether a country has an adequate capability to handle sudden energy supply interruptions can
be judged by comparison of the Mitigation Assessment (MA) sub-index to the Risk Assessment
(RA) sub-index. Although this comparison does not say anything about the capability of a coun-
try to mitigate specific supply interruptions, it gives an overall indication of how well a country
is prepared in comparison to its risk exposure. If the RA sub-index is much higher than the MA
sub-index the country may be vulnerable for sudden supply interruptions, i.e. the Crisis Capabil-
ity (CC) Index has a value of less than 100. The CC Index can be calculated with the formula:

If RA > MA: CC Index = MA/RA x 100

If the RA sub-index is similar to or lower than the MA sub-index the crisis capability of a coun-
try may be sufficient in comparison to the probability and impact of sudden supply interrup-
tions. In that case the CC Index will be 100. It should be note that if the MA sub-index is much
higher than the RA sub-index the costs associated with crisis capability measures may be ex-
ceeding the probability and costs of sudden supply interruptions.

4.3 Using the CC Index

After the initial development of the Crises Capability Index, the index has been applied for the
Netherlands. The Dutch results were discussed with policymakers in an international work-
shop'®. Furthermore, the CC Index was discussed in Ireland with policy makers and energy sec-
tor experts. The practical experience and comments received resulted in an improvement of the
RA and MA checklists. Suggestions were also made on how the CC Index best could be used.
These experiences give some directions of how to use the CC Index.

Procedural issues

A country’s energy crisis capability can best be assessed in a joint meeting with policy makers,
energy industry experts and other relevant stakeholders. Assigned responsibilities for energy
supply security in national oil supply crisis procedures and those that are laid down in national
gas and electricity legislation could give guidance for the selection of these experts and stake-
holders. A joined meeting has the advantage that supply risks and mitigation measures of differ-
ent energy sectors (i.e. oil, gas, and electricity) are assessed in comparison with each other. In-
formation taken from national studies on energy supply risks, a handbook on oil supply disrup-
tions and contingency measures, procedures to guarantee sufficient power generation reserves,
procedures to guarantee gas supply security, etc. can all be used for the assessment. A compli-
cating factor could be that detailed supply risk information is sometimes classified information
for reasons of national security.

Risk assessment

The risk assessment includes the probability of specific risks as well as the impacts of these
risks. The impacts comprehend the direct effects for consumers and producers and indirect im-
pacts on the national economy and society as a whole. It is sometimes difficult to separate risks
from mitigation measures. Redundancy of components and back up systems are reducing the
risks of supply interruptions. These measures to mitigation risks should be taken into account
when the assessment is carried out, i.e. the remaining risk for supply interruptions should be as-
sessed.

Each item in the risk assessment may receive a value between 0 and 3 (no risk: 0; low risk: 1;
medium risk: 2; high risk: 3). Determining the value for each item could be a subject for discus-

1% On November 29, 2006 CIEP and ECN organized a workshop on the EU Standards for Security of Supply. Policy
makers from France, The Netherlands and Ireland discussed the overall approach and the S/D Index and CC In-
dex. Also comments and suggestions were received from the UK.

ECN-E--07-004/CIEP 27



sion. If a specific item does not exist in a country’s energy system, there is no risk and the value
should be 0. If an item is of limited importance, this will appear from multiplying by the relative
share. Giving a value for a specific item should therefore be only related to the risk probability
and their effects. It could be helpful to focus the discussion on the comparison of risks between
different system element and categories. This is also important for consistency of the risk as-
sessment.

Assessment of mitigation measures and programs

Determining values for the mitigation assessment (not available: 0; implemented: 1; imple-

mented and tested: 2) is more straightforward. Answering the following questions can give

some guidance:

e [Is the mitigation measure/program described in detail and are responsibilities clearly as-
signed to specific organizations and institutions (e.g. TSOs for gas and electricity)?

e Have persons/organizations/institutions implemented the procedures for measures to mitigate
energy supply risks?

e Where procedures recently used in practice or have they being tested?

Use of the results

Although the CC Index approach has only being used on a limited scale, the experience so far
showed that policy makers can obtain a good insight in the energy supply crisis risks and miti-
gation capabilities. The results of the CC Index and the values of the two assessments should be
used carefully. The two assessments clearly show where a country’s energy system is the most
vulnerable or where mitigation measures might be inadequate. Publication of this information
might harm national security and can bring responsible organizations or institutions in a difficult
position.

The results of the calculated CC Index cannot be used for comparison between different EU
MS, because for measuring supply security risks, their effects and the effectiveness of mitiga-
tion measures, no objective data and standardized procedures are available in the EU. However,
in a review process EU MS could report on the use of the CC Index. This could be used for dis-
cussion on mutual assistance.

28 ECN-C--07-004/CIEP



5.  The Supply/Demand Index

5.1  Security of Supply Indicators

Quantitative indicators describing energy supply security are often focusing on the energy sup-
ply of one or several primary energy sources (Jansen et al., 2004; Blyth and Lefevre, 2004). An
assessment of energy supply security should however also include energy demand. Energy secu-
rity may be affected by strong increase of energy demand due to economic growth, whereas en-
ergy-saving policies may improve the energy security situation. Furthermore, the end-use of en-
ergy is to a large extent based on secondary energy carriers such as electricity, gas, transport fu-
els and heat. The supply security of end users also depends on the capacity and reliability of en-
ergy conversion installations (e.g. power stations, refineries, etc.) and energy transmission and
distribution networks.

The Supply/Demand Index (S/D Index) for review and assessment of energy security of supply
in the medium and longer term should therefore include all three parts of the energy system: fi-
nal energy demand, energy conversion and transport and primary energy supply.

5.2 The S/D Index Model

For the calculation of the S/D Index a computer model has been developed including a database
for input parameters. The model represents the energy demand and supply structure of an EU
Member State, the whole EU or a sub-region of the EU. Figure 4.1 shows the model structure.
Transparency of the model is essential for the discussions in the conceptual phase (see Section
3). Therefore, on the one hand sufficient relevant aspects are included, but on the other hand the
development of a too complex model has consciously been avoided.

ECN-E--07-004/CIEP 29



Industry Efficiency

Deman Residential Conversio Adequacy
Tertiary Flectrict Reliability
Transport Inland congestion
S/D index Transpo Adequacy<' 9
Conversion, Import capacity
Transport Reliability
Adequac Inland congestion
Transport 4‘
Gas <: Reliability ™% jmport capacity
Storage/Flexible production:
Adequacy
Suppl Conversion ——» cHp
Heat<: Reliability
Transport Efficiency
Conversiol
Transport Fuels< Ad-eq-u-acy
oil Transport Reliability
Domestic EU+NO
PE Gas (like oil) |mP°ﬁ(Novn-EU_—> Long Term contracts

Coal (only Domestic/Import)
Nuclear (only Domestic/Import)
RES (only Domestic/Import)

Other (only Domestic/lmport)
Figure 5.1 The Supply/Demand Index Model Structure

The S/D Index Model uses four types of inputs:

1. shares of different types of supply and demand,

2. values characterising capacity and reliability,

3. weights determining the relative contribution of different branches of the model,

4. scoring rules determining the index value of each individual aspect contributing to the S/D
index.

The first two types of inputs are objective and based on physical parameters of the energy sys-
tem. Shares are used for energy demand and for primary energy sources, resulting from the en-
ergy balances. These can be taken from statistical data or scenario forecasts. The values used are
further explained for demand in Section 5.3, for primary energy sources in 5.4 and, for conver-
sion and transport, in 5.5. The latter two, weights and scoring rules, are of a more subjective na-
ture and based on expert judgement. Weights are used for the relations between the supply and
demand outputs and for the relations between conversion & transport and primary energy
sources. In addition, a weight factor has been given to the relation between long-term and short-
term non-EU imports for oil and gas. The weights parameters are approached in relation to the
perceived vulnerability: more weight with increasing vulnerability. Scoring rules are also further
explained in Sections 5.3, 5.4 and 5.5 and in Appendix A. All these parameters can be varied to
a certain extent and will be subject of discussion in the conceptual phase. However, one should
realize that the degree in which parameters can be varied is limited by rational argumentations.
In Appendix C.3.6 a sensitivity analysis is therefore discussed showing to which extent differ-
ences in expert judgement can influence the S/D Index.

Each individual aspect used in the model (i.e. at the end of the branches) will have an index
value between 0 and 100. The next sections discuss in more detail the calculation method of the
individual indexes for each of the three parts of the model (energy demand, conversion and
transport, primary energy sources). Default values for weights determining the relative contribu-
tions of the individual index values to the overall S/D Index are listed in Figure 5.2. Objective
shares are coloured in red, and subjective weight factors are coloured in blue.
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Figure 5.2 Weights (defaults) and shares used in the Supply/Demand Index Mode

5.3 Essential Energy Demand Needs

As explained above the S/D Index Model takes into account the final energy demand, i.e. the
amount of electricity, heat and transport fuels used by energy consumers. For assessments of
energy supply security in the future the energy demand in a business-as-usual scenario could be
used in the model. However, the index should in particular value the degree in which the energy
demand is kept as low as possible, i.e. the energy demand level should be compared to the ‘es-
sential energy demand needs’ warranted by the energy supply. As parameter to indicate the es-
sential energy demand needs the energy intensity factor has been chosen. Energy intensity, ei-
ther in terms of energy used per capita or per € GDP is gradually declining over time, both EU-
wide as well as in most Member States. It is an indication of increasing energy efficiency, a
trend that is expected to continue in the future (see Figure 5.3). This factor could also be re-
garded as an indicator for the effect of continuing energy conservation programmes.
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Figure 5.3 Long term EU development of GDP, energy demand and energy intensity
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Source: (EC, 2006).

The S/D Index Model uses four energy intensity factors to allow for differences in Member

State demand structures:

1. Energy intensity of the residential sector (ton-oil-equivalents/capita).

2. Energy intensity on added value for the industrial sector (ton-oil-equivalents /M€).

3. Energy intensity on added value for the tertiary sector (ton-oil-equivalents /M€).

4. Energy intensity for the transport sector (ton-oil-equivalents /M-ton-km for goods and ton-
oil-equivalents /M-passenger-km for passengers).

For the essential energy demand needs benchmark values are used per energy demand sector.
The benchmark is the average figure of energy intensities of the five best performing EU Mem-
ber States. Corrections are not made for climate differences (residential sector), differences in
energy intensive industries (industrial sector) and population density (transport sector), because
the index should indicate the vulnerability of energy demand sectors for energy supply con-
straints. It will also keep the model simple and more transparent.

The index value for each energy demand sector is calculated from the ratio between the EU’s or
Member States’ energy intensity and the benchmark figure. Weighing the four sectoral indices
with the shares of each demand sector relative to the total final energy demand, results in an in-
dex value for energy demand.

Some consideration could be warranted for alternative approaches, such as using Kyoto com-
mitments or energy conservation targets as a reference for essential energy demand needs. With
Kyoto targets, it is possible to determine total energy demand based on fossil energy supplies.
There would be some political advantage as these commitments are the product of a wider and
more global negotiated context, but they would have to be supplemented by a factor for non-
fossil fuels. This could be done on the basis of production targets for renewable energy and,
where appropriate, for nuclear energy. Moreover, the development of CCS (Carbon Capture &
Storage) would bring additional complexities. The other idea would be to use targets for energy
conservation, which would cover all energy demand and make no difference as to how it is met
by supply. Using targets in the two alternatives would create numerous flaws based on a variety
of interpretations and definitions. Therefore, due to these many practical limitations, the energy
intensity approach is the preferred one.
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5.4 Primary Energy Sources

For assessing the security of primary energy supply, the S/D Index Model distinguishes a num-

ber of factors:

e Domestic primary energy production versus imports from other EU Member States.

e Imports from the EU (including Norway'") versus imports outside of the EU.

e Imports from outside of the EU warranted by long-term contracts versus short-term con-
tracts.

It could be argued that in terms of energy supply security no distinction should be made be-
tween domestic energy supplies and those coming from other EU countries, since the internal
market should assure non-discriminatory trade and respect of import contracts. However, it has
to be noted that political and public perceptions differ from formal legality. As a consequence,
for instance, questions are raised whether existing import contracts for gas or power should al-
ways be honoured, even in times of immediate shortfalls. Although in response to these ques-
tions politicians assured not to interfere in existing contracts when there are short-term supply
interruptions, the model allows for making a slight difference in rating supply relations that are
purely national versus those that are intra-EU based.

Energy trade relations for imports from outside the EU will also be based on contracts, i.e. on
the rule of law, and sometimes on multilateral or bilateral treaties. EU energy imports are basi-
cally covering crude oil, oil products, gas (including LNG), coal, uranium and renewables
(mainly biomass). It would seem that the last three energy sources do not ask for a specific as-
sessment because of a sufficiently diverse supply base from a number of secure sources. With
respect to oil and gas the S/D Index model distinguishes between import from EU Member
States and supply from outside the EU. This does not only arise from heavy geographic concen-
trations of these energy sources, but also from the increasing awareness of geopolitical concerns
that are adding to supply risk perceptions. Although several methods are available allowing for
differences in geopolitical circumstances in supply regions, it was decided not to make further
refinements in this respect, because of the poor data availability on future supply origins and in
order to avoid a too high degree of complexity. On the other hand, it could be argued that oil
and gas supplies based on long-term contracts will give higher assurances of interrupted supply
in comparison to short-term contracts. Oil and especially gas that is coming from areas where
national oil or gas companies together with international energy companies have made some
heavy long-term investments, and thus have created strong economic interests in secure and re-
liable long-term energy flows, could be considered as more secure because it is mitigating sup-
ply risks for consumers and demand risks for producers. These contracts usually have some re-
lation with government involvement, possibly as part of multilateral actions as described in Sec-
tion 7. Therefore, the model allows for this type of differentiation.

The factors above are included in the calculation of the index for primary energy sources. For

the six primary energy sources the following calculation rules apply (see also Figure 5.2):

e Nuclear energy will have a value of 100 irrespective of the supply origin because supply
risks for uranium are relatively low.

e Because coal, renewables (mainly biomass) and other energy supplies will be sufficiently
diversified, the index has a minimum value of 70 if the total supply is imported and will in-
crease proportionally with decreasing imports. Some may argue that coal is at least as good
for the security of supply as nuclear; in that case the minimum score for coal would be 100.
In the case for the Netherlands, a specific sensitivity analysis has been performed and re-
ported in Appendix C.

""" Norway is since 1994 legally committed through the Agreement on the European Economic Area (EEA) to apply
the EU’s energy market rules. This being the case, there is no reason to treat energy imports from Norway differ-
ent from imports from within the EU.
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e In the original model of the S/D Index as reported in (Scheepers et al., 2006), the index for
gas and oil will be zero until the net share of domestic supplies exceeds a level of 30%. In
this update the threshold of 30% is lowered to 0% following suggestions from policy makers
that commented on the ‘2006’ report. Above this level the index will increase proportionally
with increasing domestic supplies. The threshold will become lower when the share of long-
term contracts in non-EU imports increases (i.e. in Figure 5.4 the point of intersection of the
gas/oil line with the x-axis will move to the left or even move to the y-axis, similar as for
coal and nuclear, see also Appendix A.2.2).

The index value for primary energy sources is calculated on the basis of the index value and the
relative share in the total primary energy supply of each of the primary energy sources.

It should be noted that the establishment of the minimum levels mentioned above are also part
of the conceptual phase of the process for a strategic review. The levels reported here should be
considered as illustrative.

From a supply security perspective it could be argued that the domestic energy reserve situation
should be included in the S/D Index. An adequate energy resource management may be a con-
tributing factor to a Member State’s energy security. Furthermore, if a Member State makes
natural resources available for other EU Member States the energy supply security of the EU
will benefit. However, including energy reserves and resource management policies will result
in a higher complexity and less transparency of the model. Alternatively, national energy re-
serves and resource management policies may become visible in the S/D Index when the model
is used in a scenario approach with different time frames (see also Section 6.2).
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Figure 5.4 Index values for primary energy sources as a function of the net share of domestic
supply
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5.5 Energy Conversions and Transport

Whether final energy demand can be covered by primary energy sources depends on the ade-
quacy and reliability of energy conversion and transport infrastructures. The S/D Index Model
distinguishes three secondary energy carriers: electricity, heat and transport fuels (see also Fig-
ure 4.1). Moreover, the efficiencies of energy conversion are taken into account, since higher
efficiencies will reduce the supply requirements. For rating indices for energy conversion and
transport aspects a number of rules have been developed. However, for some aspects reliable
data is lacking, in particular in future energy scenarios, or the aspects are seen to be affecting
energy supply security to a lesser extend. For reasons of consistency these aspects are kept in
the model, but the default value is set to 100. These aspects are: power generation reliability,
adequacy for the inland electricity network, electricity network reliability, heat transport, refin-
ery reliability and fuel transportation.

The index value for energy conversion and transport aspects are rated as follows:

o FEfficiency power generation: if the average electricity generation park efficiency is less than
35% the index value is zero. The index value is 100 if the average efficiency is 50% or
above. Between 35% and 50% the index value is proportional. These values are based on the
present state of the technology.

e Power generation adequacy: the index value is based on the so-called reserve factor, i.e. the
power generation capacity exceeding the level of peak demand. If the reserve factor is 1.2 or
above the index value is 100. The index value is zero when the reserve factor is less than 1
and proportional if the reserve factor is between 1 and 1.2. These values reflect present in-
dustry practices, including the role of mothballing.

e Power generation reliability: The default index value is 100, assuming that on average the
reliability of power plants is sufficient. Alternatively, the power generation reliability can
also be included in power generation adequacy.

o FElectricity network adequacy: The index value for import capacity consists of combining a
value relating import capacity to domestic capacity and one including a reserve factor includ-
ing both domestic and import capacity. The import capacity value is proportional to a ratio
between 0 en 5%, and the value for the ’combined’ reserve factor is proportional if its value
lies between 1 and 1.2. Instead of the 5%, one could also choose the so-called ‘Barcelona
target’ (EC, 2003b) according to which interconnection should cover at least 10% of a Mem-
ber State’s installed capacity.

o FElectricity network reliability: For this component statistics on network reliability in terms of
the average time of outages per year can be used. However, data on future network reliability
is not available. For the moment the default index value is 100.

o Gas transport adequacy: The sum of import capacity and domestic production should be suf-
ficiently high in relation to the gas demand. This ratio should be higher than a predefined cri-
terion in order to be adequate for sufficient supply in peak type situations, see for more de-
tails Appendix A.3.3.

e Gas transport reliability: Analogous to the electric network reliability, the default value is
set to 100.

o Gas storage/flexibility adequacy: The scoring rule and criterion aims to address mainly the
flexibility provided by storage only (by Underground storage, UGS, and by LNG) and do-
mestic production, and the flexibility needed on a daily basis i.e. the adequacy to supply the
peak day demand in a specific year. The flexibility that may be covered by import capacity
has already been assessed as part of the gas transport/adequacy branch, and addresses sea-
sonal flexibility and variations. Flexibility through domestic production is rather limited as
most Member States are gas importing countries. With the Netherlands, United Kingdom
and Denmark as exceptions of Member States with a large domestic production share, the
storage/flexibility scoring rule includes mainly UGS and LNG.

e Heat generation efficiency: The boiler efficiencies are not used here because of lacking in-
formation on this aspect. But even more relevant for efficiency of heat production is the
share of heat generated by combined heat and power (CHP). However, since these figures
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are difficult to acquire, the share of CHP in electricity generation is used instead. The index
value is proportional to this share and will reach the value of 100 when 25% of national an-
nual electricity production is generated by CHP, a figure reflecting national practice in the
Netherlands and Denmark.

Refineries efficiency: The efficiency of refineries is determined by the ratio of the energy
value of transport fuels and those of crude oil and biofuels, due to the importance of oil
products for the transport sector. The fuel efficiency in terms of crude oil (and biofuels) in-
put versus oil products output is relatively high (typically about 94%) and not really dis-
criminating. Moreover, supporting data cannot be obtained easily; therefore, a score of 100 is
assigned in all cases. Otherwise, a similar rule such as for power generation efficiency could
be applied.

Refineries adequacy: The index value is 100 if the refinery capacity in use is 80% or lower
compared to the total domestic refinery capacity. If this figure exceeds the value of 95% the
index value is dropping to zero. Between these two figures, which again reflect industry
practice including mothballing, the index value is proportional to the ratio of refinery capac-
ity in use.

Fuel transportation: The capacity for transporting automotive fuels will seldom be con-
strained, because there are several alternatives (by truck, ship, train or pipeline). Therefore
the default index value is 100.
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6. The Supply/Demand Index for the EU-27 and individual
Member States

In this section the use of the S/D Index is illustrated with examples for the EU-27 and the Mem-
ber States for the years 2005 and 2020. The examples are based largely on objective information
contained in energy balances, derived from mainly Eurostat (Eurostat, 2006) and IEA statistics
(IEA, 2006) and the ‘EU Trends to 2030 - update 2005’ baseline scenario (EC, 2006b).

For this analysis input data was used from the following sources:

o FEnergy demand intensities were taken from the Odyssee database (Odyssee, 2006) and Euro-
stat (Eurostat, 2004; 2006).

e Data on energy conversion and transport aspects were taken from a variety of sources in-
cluding UCTE (UCTE, 2005a; b), the Dutch TSO (TenneT, 2005), the EC baseline scenario
(EC, 2006b), EC Benchmarking reports (EC, 2005b) and IEA (IEA, 2002; 2005; 2006).

e Statistical data from Eurostat (Eurostat, 2004; 2006) and from the most recent EC baseline
scenario (EC, 2006b) was used for the primary energy sources.

The S/D Index model combines the information of the data sources with weighing factors and
scoring rules. The most important uncertainties are scrutinised by some sensitivity analyses that
are reported in more detail in Appendix C. The base case results for the years 2005 and 2020 are
presented in Sections 6.1 and 6.2, respectively.

6.1 Today: 2005

The results for the year 2005 representing ‘today’s situation’ are displayed in Figure 6.2, or-
dered by SoS position: the higher the S/D index value, the better the SoS position.

The average value of the S/D index in 2005 is about 56. The range is from 82 (Denmark) to 25
(Cyprus). The differences between MS are mostly caused by differences in the PES (Primary
Energy Sources) parts, caused by both the relatively large spread in the PES sub-index (ranges
from 0 to 97, average of 53), see Table S.1 and the relative high weight of the PES sub-index
(0.49) in the total S/D Index. Member States with high import dependencies for oil and gas,
combined with high shares of these imports originating from outside the EU/Norway, have a
relatively low score, i.e. an S/D Index below 50. Such MS include: Cyprus, Luxembourg, Malta,
Latvia, Greece, Lithuania and Portugal. On the other hand, MS that are net exporting for gas
and/or oil have a relatively high score, i.e. an S/D Index of 60 or higher. Examples are Denmark
(82) and the United Kingdom (80). In addition, MS that are net importers but mainly from
within EU/Norway also get high scores. An example is Ireland (75), and to a lesser extent Swe-
den (70). The Netherlands (69) has a high score due to being a net gas exporter. Romania (70)
has relatively low import dependencies for oil and gas, added to moderate shares of coal/nuclear
in its PES mix. France (64), Czech Republic (64), Germany (63) and Poland (60) have high
scores due to their large shares of nuclear and/or coal in the PES mix. As most of the largest MS
(Germany, France, United Kingdom) are part of the best scoring MS, the EU-27 aggregate score
is also relatively high (65).

For a selected number of Member States, Figure 6.3 shows the underlying Sub-indices. Such a
graphical display may provide more insight into the rationale of the overall S/D Index values.
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Figure 6.1 Today’s S/D Index and main Sub-Indices for a selected number of Member States

For the same selected number of Member States, even more detailed results of the analysis are
presented in Table 6.1. For the six Member States and the EU-27 two columns are shown. For
the upper half of the table, the first column lists weights and shares of final demand and the pri-
mary energy mix explaining the contributions of sub-indices to the overall S/D Index value. The
second column shows the S/D Index and the major sub-indices. For a review of energy security
supply the sub-indices for demand, supply, energy conversion and transport (C+T) and primary
energy sources (PES) are at least as important as the S/D Index (the bold figures in Table 6.1).
In addition, the ‘scores’ on the lowest level of detail in Table 6.1 provide even more detail on
the relative strengths or weaknesses affecting the overall S/D Index or sub-indices.

The lower half of the table highlights the PES import dependencies and the origins of the im-
ports of oil and gas. These figures explain the scores of the PES parts in the upper half of the
table.

Appendix A and B give a further description and explanation of the methodology and data used.
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Figure 6.2 S/D Index, EU-27 and Member States, 2005
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S/D Index, 2020
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Figure 6.3 S/D Index, EU-27 and Member States, 2020
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6.2 2020: Using the ‘Trends to 2030’ scenario

The base case results of the recently updated ‘Trends to 2030’ scenario (EC, 2006b) were used
to calculate the S/D Index values for the year 2020 with the purpose of comparing the situation
in 2005. The results for the 2020 S/D Index are displayed in Figure 6.3 . For a review of energy
security supply the Sub-indices for demand, supply, energy conversion and transport (C+T) and
primary energy sources (PES) are at least as important as the S/D Index. Therefore, Table 6.2
shows the detailed results including these Sub-index values at the PES, C+T and Demand level,
ordered by Member State.

On average, the S/D Index decreases by almost 3 points compared to 2005 (from 56 to 53),
mainly caused by a decrease in the PES sub-index (decrease of 6 points). So, the SoS position is
somewhat less in 2020 than in 2005. The division into low/intermediate/high scoring MS does
not really change when compared to today’s situation (compare Figure 6.2 with Figure 6.3). In
an absolute sense, Ireland and the UK observe the largest decrease in S/D Index (17 and 13
points, respectively), but both remain as relatively high scoring MS in 2020'*. PES sub-index
scores decreases are generally caused by higher import dependencies in 2020 and higher shares
of imports from outside EU/Norway. For some MS, a combination of increasing shares of gas
and decreasing shares of coal/nuclear also contribute to a decrease in the PES sub-index, and
hence in the S/D Index. Some examples of this latter effect are Belgium, Estonia and Poland.
The C+T (Conversion and Transport) sub-index increases on average (almost 5 points) due to
the improved overall efficiency of electricity generation and higher shares of CHP in electricity
production. Changes in the Demand sub-indices are moderate, which on the one hand reflects a
‘moving’ benchmark value based on the best performing MS, and on the other hand, a stand-
still of the residential energy intensity benchmark. On average, a decrease of 2 point is ob-
served, mainly due to a higher intensity of the residential energy intensity.

Table 6.2 S/D Index and Sub-indices, base case update S/D Index Model

S/D Index Primary Conversion and Demand
Energy Sources Transport
EU-27-2005 65.4 65.3 75.1 58.7
EU-27-2020 62.1 56.1 82.7 57.4
EU-27-2030 64.3 56.4 85.4 62.5
BG-2005 59.0 60.4 74.6 45.8
BG-2020 53.9 514 82.1 38.3
AT-2005 56.6 44.6 85.5 55.8
AT-2020 54.1 39.0 89.7 53.9
BE-2005 57.2 61.9 61.1 46.9
BE-2020 55.1 51.8 73.3 47.7
CY-2005 25.1 4.4 425 46.7
CY-2020 27.0 5.8 43.5 50.0
CZ-2005 64.4 68.3 89.9 40.2
CZ-2020 60.9 60.9 92.2 38.9
DE-2005 62.7 64.9 60.0 60.8
DE-2020 62.9 59.7 71.7 62.0
DK-2005 82.1 93.6 79.0 65.6
DK-2020 82.9 95.9 79.9 63.7
EE-2005 54.8 63.9 48.4 44.6
EE-2020 48.9 49.7 54.4 43.8
EL-2005 43.9 34.1 48.4 56.7

12 For MS that are net exporters (e.g. UK) or that have low shares of imports coming from outside EU/Norway (Ire-
land) in the year 2005, a generic assumption has been imposed for the year 2020, as such origin data are not
known from the scenario. It is assumed that 50% of the imports of oil and gas come from outside the EU/Norway.
For the other MS, the origins of these imports have been assumed equal for 2005 and 2020.
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S/D Index Primary Conversion and Demand

Energy Sources Transport
EL-2020 41.8 29.5 53.6 53.7
ES-2005 51.0 37.2 73.8 57.6
ES-2020 50.1 34.5 79.4 54.9
FI-2005 534 61.5 51.5 41.6
FI-2020 53.6 61.9 51.5 41.6
FR-2005 63.8 67.8 57.4 61.8
FR-2020 65.7 69.5 61.3 62.5
HU-2005 54.8 49.0 78.3 47.8
HU-2020 49.5 39.9 80.3 435
IE-2005 74.5 94.9 53.7 55.8
IE-2020 57.8 58.9 58.0 55.8
IT-2005 49.5 293 67.8 69.8
IT-2020 49.0 31.1 67.3 65.6
LV-2005 40.2 31.6 51.8 46.1
LV-2020 40.6 35.0 55.1 39.7
LT-2005 45.1 25.5 60.3 66.6
LT-2020 43.0 22.9 65.7 60.0
LU-2005 28.2 11.2 67.7 28.2
LU-2020 31.7 15.9 70.5 30.2
MT-2005 30.4 0.2 31.8 78.6
MT-2020 322 2.5 335 79.9
NL-2005 69.4 72.9 90.0 49.2
NL-2020 70.4 75.0 91.4 48.2
PL-2005 60.2 68.5 55.9 49.6
PL-2020 54.8 58.1 60.6 45.4
PT-2005 46.6 27.3 70.7 61.3
PT-2020 45.2 26.8 74.1 55.1
RO-2005 69.9 77.1 86.2 46.9
RO-2020 61.0 63.2 86.3 39.7
SE-2005 70.4 87.5 49.0 57.3
SE-2020 70.6 79.1 64.0 61.2
SI1-2005 522 49.5 73.0 41.8
S1-2020 49.1 42.9 75.4 40.7
SK-2005 50.6 47.5 80.4 34.8
SK-2020 47.0 42.1 82.3 30.1
UK-2005 79.6 97.0 66.2 60.5
UK-2020 67.4 69.4 72.4 60.8

6.3 S/D Index and scenarios as benchmarking or policies comparison
tools

It should be noted that the development up to 2020 may be rather scenario specific. Quantifica-
tion of the policy scenarios, e.g. the ‘Scenarios on energy efficiency and renewables’, (EC,
2006c¢) rather than the baseline ‘Trends to 2030’ (EC, 2006b) scenario may give somewhat dif-
ferent results.”” In the previous report (Scheepers et al., 2006) other examples of the impact of
using other (country specific) scenarios have been presented (for the Netherlands and the UK).
For completeness, these results obtained with a previous version of the S/D Index and using
other default values for some of the input parameters are still retained here in parts of Appendix
C. The application of the (old) S/D Index for Ireland is another example (SEI, 2006).

3 For the EU-25 as an aggregate, five of these policy scenarios have been quantified in (Groenenberg, 2006) for the
previous version of the S/D index model.
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The S/D Index model can be used for benchmarking and comparison purposes. For the purpose
of an inter MS comparison (‘benchmarking of MS against each other or e.g. against an average
or benchmark value”), comparison will only make sense if the same overall scenario is used for
all MS. For the purposes of assessing the possible impact of different policies as resulting in dif-
ferent future developments of the energy system, comparisons for a specific MS or for the EU
aggregate make sense. In that case, national MS specific scenarios can be used to observe the
effects of changes in the energy system over time, and to assess how policy induced changes
may have an effect on the energy system and how different policy options compare to each
other. Moreover, changes in S/D index values can be compared to other effects, e.g. the CO, re-
duction over the respective time period (2005-2020).
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7. Multilateral actions

Assessing and describing the third input to the SoS standards, a more qualitative approach will
be followed for multilateral actions. With these policy actions national and/or European energy
supply security will be promoted and enhanced. A distinction is made between the willingness
of a MS and its capability, i.e. willingness to take, support or participate in actions together with
other EU MS, be it in the context of a ‘coalition-of-the-willing’ or in a more formal EU context.
Capabilities are based on the question if the MS has effective policy options or instruments at
hand or not. Here again, this input will be based on a policy document to be submitted by each
MS. This document will be subjected to a peer review. The multilateral actions could be further
elaborated, with a distinction between three categories: effective energy diplomacy, participa-
tion in joint projects and actions and participation in military protection of vulnerable transport
routes.

Effective energy diplomacy could be used to build stable relations with major energy suppliers.
Such relations would probably require wider packages of mutual benefits and could even go be-
yond energy relations and programmes. Effective energy diplomacy would also mean periodical
contacts and exchanges of views and information on issues that are of mutual interest. They
could cover not only direct bilateral relationships, but also relevant issues in ongoing or forth-
coming multilateral discussions elsewhere. Mutual trust, understanding and respect are key-
words for the effectiveness of these actions, accepting that it may not always be possible to
make public statements on them. Examples in the EU context could be seen in the producer-
consumer dialogues that the EU is pursuing with OPEC, with Russia and with the Gulf states,
but many MS are also using their own contacts and relations supporting overall energy supply
security. The Green Paper from the Commission (EC, 2006) suggests the development of an EU
external energy policy. If this were to be developed, it could be a strong tool of the multilateral
actions as mentioned in this context. It could also be counterproductive, however, and limit ef-
fective national or regional actions. There is also a relation between the outcome of the S/D and
CC Indexes, both nationally and for the EU as such. They could for instance have a positive or
negative effect on the arguments for designing and agreeing upon effective multilateral actions.
These indexes would then have a wider impact than just being inputs into a system of standards
for EU energy SoS.

Participation in joint projects and more direct actions is a group of activities that could go be-
yond ‘just talking’. Energy supply security could be part of wider packages of political, eco-
nomic and/or energy cooperation, ranging from direct government financial involvements, in-
cluding financial guarantee schemes, to political backing of private industry participations. The
EU as such or within EU-coalitions could then secure energy supplies via long-term contracts
embodied in political agreements. Such political umbrellas could be very effective, also using
wider options for economic cooperation under multilateral frameworks such as the World Bank
or relevant EU schemes.

Joint actions to protect or safeguard vulnerable transport routes for oil and gas are to be consid-
ered as a form of more direct intervention. Oil and gas, either as LNG or in pipelines, are cross-
ing a number of choke points on their way to consumer markets. These points are critical and
vulnerable for terrorist attacks and could require various forms of monitoring and protection in
order to add to supply security. Police and or more pronounced military action could be consid-
ered necessary and this would probably necessitate joint actions by a number of countries. Coa-
litions of the willingness, actions in NATO or even in UN-frameworks would then probably be
most appropriate, as the EU as such does not have a framework for this type of interventions.
Willingness to support or even participate in these actions will always be related to explicit and
sometimes controversial national political decision-making processes. Willingness is one thing;
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capability is another thing, where various ranges of contribution could be foreseen, including
monetary or direct military support actions.

As part of the standards process, each MS should be invited to prepare a policy statement on the
three categories of multilateral actions. In this statement the MS will indicate its (un)willingness
to participate in these actions, and if so under what conditions. Secondly, the statement should
indicate, if applicable, the abilities of the MS to contribute to the actions. In addition, the state-
ment should also discuss the impact the actions might have on the supply security situation of
the MS itself and on other MS. On this basis synergies of actions could be assessed, national
abilities could be benchmarked and further development of an effective external energy supply
policy for the EU as a whole could be facilitated. One aspect of these actions has been translated
in the S/D Index, giving a higher weight factor to non-EU imports based on long-term contracts.
On the other hand, it should be realised that many of these actions might have a highly political
nature and may be rather too sensitive for an open and transparent process. This could also
mean that it would be difficult or inappropriate to develop a set of objective criteria for MS’
policy assessments. It is important, however, to include the concept of multilateral actions in the
standards-process and at least national policy documents should be prepared as inputs into the
wider review and assessment procedures.
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8. Towards an EU standard?

The previous chapters discussed the two more quantitative indexes and a more qualitative fac-
tor. The next question is whether or not to integrate these two inputs into a combined standard
or to use them as separate ones for inputs into the policy discussions in the context of the strate-
gic energy review process. In addition, one could also consider adding the qualitative factor
when it comes to wider political assessments. Although this last factor could be translated into
some quantitative factor'*, the political judgement about multilateral action would always have
to prevail.

If the first option were to be chosen, the standard would probably have to result in a normative
process, culminating in a single EU norm for energy supply security. The energy policy of the
individual MS and of the EU as a whole is then to be assessed in relation to the norm that is set.
A less far-reaching approach would be to use the SoS standards in a benchmark process. The
standards are then used for defining the EU average or some best policy practice outcome, after
which national standards are assessed in relation to this average or best practice outcome. Poli-
cies could then be designed aimed at meeting the benchmark. The policy review option would
maximise the political assessment process and could give room for further discussion and nego-
tiations.

What direction is chosen, using combinations of EU standards for supply security for the as-
sessment of the energy security situation, could have strong spin offs for related EU policies.
Internal EU solidarity, either in the situation of an energy crisis, or in a more structural energy
policy sense, could be further enhanced or challenged when the outcomes of the standards are
discussed. Energy synergies or energy cost-efficiencies and their wider implications for eco-
nomic structures in the EU could also play a role. Improving the energy supply security in one
Member State could for instance be more effectively done by structural measures in another
Member State. In the same context, mitigation policies for climate change could also be as-
sessed. More generally, supply security standards could be further enhanced by linkage to
Kyoto targets or even wider sustainability targets. This could ultimately evolve into standards
for EU energy sustainability, which would help to come to a more balanced and integral ap-
proach for developing energy and environmental policies. It would be interesting to dedicate
further research and studies to these wider issues.

If one would choose for a simple arithmetic approach, the two indexes could easily be com-
bined. In arithmetic terms the S/D and CC Indexes are set as follows:

S/D Index = (0,3) demand value + (0,7) supply value
CC Index = MA/RA x 100  (if RA <MA CC Index = 100)

Both indexes would never be higher than ‘one hundred’ and it should therefore be no problem
to combine them in an SoS value. It could be done on a 50/50 basis, when considering both in-
dexes as equally important. It seems to be more appropriate, however, to give a higher rating to
the S/D Index than to the CC Index. This could reflect the importance of longer-term S/D bal-
ances in comparison with the much more short-term issues of sudden supply shortfalls. This
higher rating could be done for instance on a one-to-two basis. This would then mean that the
SoS value could be calculated accordingly:

SoS Index = 2/3 S/D Index + 1/3 CC Index

' This could be done by some simple arithmetic, on the proposed policy document, indicating degrees of discussion
about it. (No document: zero, document with comment, 1 and with no comment 2).
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The SoS Index would then result in a 0-100 scale, leaving room for choosing or arguing about a
value for a standard. In this much more politically oriented process, the qualitative factor could
be taken into account as well.
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9. Concluding remarks

This report introduced the concept of SoS standards including a procedure, two quantitative in-
dicators and possibly a qualitative one to be used in a broad assessment of energy supply secu-
rity in EU MS and the EU as a whole. This broad assessment could be used as part of the wider
EU Strategic Energy Review as proposed in the Green Paper of the European Commission. Al-
though the use of the quantitative indicators was illustrated with some examples, the value of
the procedure and indicators for EU energy policy should be demonstrated in practice. Practical
experience will learn how the concept, the procedure, the quantitative model and the checklists
can be further improved. However, it is unquestionable that a review process with assessments
of EU MS’ energy supply security in a well-structured way will become a valuable asset for a
better understanding of the energy security of supply issue and factors that play a role in it. A
good insight in the different factors and aspects is a precondition for the consultation between
the Member States and the Commission with a view on the shaping of adequate EU policies on
European energy security of supply.
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CC Crisis Capability

CCS Carbon Capture and Storage

CIEP Clingendael International Energy Programme
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DG TREN Directorate-General Transport and Energy
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ETS Emission Trading System

EU European Union

GDP Gross Domestic Product

GE Global Economy, one of the new baseline scenarios for the Netherlands. The
scenario has a high economic growth, and assumes no post-Kyoto climate policy.
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LNG Liquefied Natural Gas

MA Mitigation Assessment

MS Member State

NATO North Atlantic Treaty Organisation

OPEC Organisation of Petroleum Exporting Countries

PES Primary Energy Sources

PL PoLand

POWERS Model for the Dutch electricity market and electricity production
RA Risk Assessment

S/D Supply/Demand

SoS Security of Supply

Sp SPain

TSO Transmission System Operator

UCTE Union for the Co-ordination of Transmission of Electricity
UK United Kingdom

UN United Nations
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Appendix A Scoring rules

This appendix provides more details on the scoring rules of the Supply/Demand Index Model
that have been described qualitatively in Chapter 5 (Sections 5.3, 5.4 and 5.5). The scoring rules
are shown as formulas (mathematical expressions), with the symbols explained.

With the various weights, sub-indices and scoring rules at the end of the S/D Index tree (see
Figure 5.2, also the sub-index values can be computed. The formulas for the ‘top-level” indices
are given below:

S/Dindex = w_dem xsc _dem+w_sup X sc_sup
w_dem = weight of Demand (default 0.3)
Ww_sup = weight of Supply (default 0.7)
w dem+w sup=1
sc_dem = sub-index Demand
= w_ind X sc_ind + w_res X sc_res + w_ter X sc_ter + w_tra X sc_tra
sc_sup = sub-index Supply
= Ww_ctXsc _cttw_pes X sc_pes
w_ct = weight of Conversion and transport (default 0.3)
W_pes = weight of Primary Energy Sources (default 0.7)
w_ct+w _pes=1
sc ct = Sub-index Conversion and transport (secondary energy carriers)
sc_pes = Sub-index Primary Energy Sources

The scoring rules at the lower levels are explained in the next sections.

A.1  Final energy demands

The scoring rules for the final energy demands have been qualitatively described in Section 5.3
of Chapter 5. This section will describe the scoring rules in their mere mathematical formula-
tion.

A.1.1 Definitions

Symbol Description
W_res Weight for residential (households) in Final Energy Demand
(equal to relative share in final energy Final Energy Demand mix)
w_ind Weight for industry in Final Energy Demand
(equal to relative share in final energy Final Energy Demand mix)
w_ter Weight for tertiary sector in Final Energy Demand
(equal to relative share in final energy Final Energy Demand mix)
w_tra Weight for transport sector in Final Energy Demand

(equal to relative share in final energy Final Energy Demand mix)
w res+w ind+w ter+w tra=1

f tra_goo Fraction of transport goods demand

f tra_pas Fraction of transport passenger demand
f tra goo+f tra pas=1
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Symbol Description Unit short

el res Energy intensity of the residential sector toe/capita
ei_ind Energy intensity on added value for the industrial sector toe/M€
ei_ter Energy intensity on added value for the tertiary sector toe/M€
ei_tra goo Energy intensity for the transport sector, goods toe/Mtkm
ei_tra pas Energy intensity for the transport sector, passenger toe/Mpkm
ei_res_bm Benchmark value for energy intensity of the residential sector  toe/capita
ei_ind bm Benchmark value for energy intensity on added value for the  toe/M€
industrial sector
ei_ter bm Benchmark value for energy intensity on added value for the  toe/M€

tertiary sector

ei tra goo bm Benchmark value for energy intensity for the transport sector, toe/Mtkm
goods

ei_tra pas bm Benchmark value for energy intensity for the transport sector, toe/Mpkm
passenger

toe = ton-oil-equivalents

Mtkm = M-ton-km

Mpkm = M-passenger-km

A.1.2 Benchmark values and scoring rules

The benchmark values have been deduced from the Odyssee database (2003 values) or Eurostat
databases (2002 or 2003 values). The next table shows the values used. Lacking readily avail-
able data for the new Member States, the Odyssee data that cover the EU-15 plus Norway have
been used as approximation in most cases. Moreover, in case of clear outliers, a more represen-
tative selection of a ‘top-5’ average as benchmark value has been chosen.

Symbol Value Value Remarks

ei_res bm 0.35 toe/cap Average of the top-5 EU-25 value (Eurostat, 2005)
ei_ind bm 76.0 toe/M€ Average of the top-5 EU-15 value (Odyssee, 2005)
ei_ter_bm 15.2  toe/M€ Average of the top-2 to 5 MS, EU-15 value

(Odyssee, 2005). Luxembourg (1*) omitted as
outlier, and not that representative.
ei_tra_goo bm 46.2 toe/Mtkm  Average of the top-2 to top-5 MS, EU-15 value
(Odyssee, 2005). Austria (1%') omitted as outlier.
ei_tra pas bm 30.5 toe/Mpkm  Average of the top-2 to top-5 MS, EU-15 value
(Odyssee, 2005). Finland (1*) omitted as outlier.

It should be noted that the selection of the benchmark values inherently has some subjectivism.
In the numerical examples presented in Chapter 5 and in Appendix C, all estimates but in par-
ticular the weighing factors and scoring criteria should be considered as illustrative and indica-
tive only. Therefore, these types of parameter values have been subject to multi-variate sensitiv-
ity analyses in the first (preliminary) calculations (see also Section 5.3).

The scoring rule for each of the final energy demand sectors is:

Score = Minimum (ei_Sector_bm / ei_Sector, 1) x 100
With Sector = either res, ind, ter, tra_goo, or tra_pas

So, the index value for each energy demand sector is calculated from the ratio between the EU’s
or Member States’ energy intensity and the benchmark figures. So, the maximum index value
will be 100 if the energy intensity is less (i.e. better) than the benchmark value.
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Weighing the four sectoral indices with the shares of each demand sector relative to total final
energy demand results in the sub-index value for energy demand.

The transport sub-index value is calculated from the fractions of the goods and passenger de-
mand and the two separate scores.

A.2 Primary energy sources

A.2.1 Definitions

w_pri = Weight for the primary energy source pri

ds pri = (Net) domestic share for for the primary energy source pri

pri = either oil, gas, coa, nuc, ren, or oth (first three letter are used as symbolic represen-
tation)
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Symbol Value Description

Weights

w_oil MS-spec  Weight of oil (products) in primary energy sources (equal to
relative share in PES mix)

W_gas MS-spec  Weight of gas in primary energy sources (equal to relative share
in PES mix)

w_coa MS-spec  Weight of coal (solids) in primary energy sources (equal to
relative share in PES mix)

Ww_nuc MS-spec  Weight of nuclear fuel in primary energy sources (equal to
relative share in PES mix)

w_ren MS-spec  Weight of renewable energy sources (biomass and other sources)
in primary energy sources (equal to relative share in PES mix)

w_oth MS-spec  Weight of other sources in primary energy sources (equal to

relative share in PES mix)

The weights above are equal to the relative fractions in the PES mix (gross inland consumption,
(Eurostat, 2006; year 2003 data)), and hence sum up to 1:
w_oil+w gas+w coa+w nuc+w ren+w_oth=1.

Domestic, all
ds_oil

ds gas

ds_oil min

ds_gas min

ds coa
ds_nuc
ds_ren
ds_oth
sC_min_coa
sC_min_nuc
sC_min_ren
sc_min_oth

Import, oil and gas
EU+NO s oil
EU+NO s gas

sc EU min_oil

sc EU min_gas
sh_1t oil

sh It gas

w_It oil

w_It gas

MS-spec
MS-spec
30

30

MS-spec
MS-spec
MS-spec
MS-spec
70
100
70
70

MS-spec
MS-spec
30
30
MS-spec
MS-spec
0.5

0.8

(Net) domestic share for the primary energy source oil

(Net) domestic share for the primary energy source gas
Minimum (Net) domestic share for the primary energy source oil
in order to get positive score on domestic part

Minimum (Net) domestic share for the primary energy source gas
in order to get positive score on domestic part

(Net) domestic share for the primary energy source coal

(Net) domestic share for the primary energy source nuclear
(Net) domestic share for the primary energy source renewables
(Net) domestic share for the primary energy source ‘others’
Minimum score for domestic/import criterion coal

Minimum score for domestic/import criterion nuclear

Minimum score for domestic/import criterion renewables
Minimum score for domestic/import criterion ‘others’

(Crude) oil import share coming from within EU+NO

Natural gas import share coming from within EU+NO

Minimum import oil from within EU+NO to get positive score on
EU+NO/non-EU criterion [%]

Minimum import gas from within EU+NO to get positive score
on EU+NO/non-EU criterion [%]

Share for long term ‘secure’ oil contracts in non-EU import part
(0-1)

Share for long term ‘secure’ gas contracts in non-EU import part
(0-1)

Weight for long term ‘secure’ oil contracts in non-EU import part
(0-1)

Weight for long term ‘secure’ gas contracts in non-EU import part

(0-1)
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A.2.2 Oil and gas

The scoring rules for all PES use the net import shares and net domestic share (ds), to score the
domestic part. In addition for oil and gas, the shares originating from EU+Norway, from non-
EU, and a (weighted) part from the non-EU share governed by long-term contracts are used in a
combined rule to score the import part.

Domestic
Domestic production will only result in a positive score if the domestic share is above a certain
minimum, ds_min. The score is proportional to the domestic share in the interval (ds_min, 100).

In a formula, the domestic score equals:
Max (0 ; - ds min_oil X 100 / (100-ds_min_oil) + 100 / (100-ds_min_oil) X ds_oil)
Max (0 ; - ds min_gas X 100/ (100-ds_min_gas) + 100 / (100-ds_min_gas) X ds_gas)

This scoring rule is depicted graphically in Figure 5.4 in Chapter 5.

Import

The import part will only get a positive score if the import share from EU+Norway (EU+NO _s)
and a weighted (weight: w_It ) share from non-EU governed by long term contracts (sh_It ) is
above a certain minimum threshold (sc EU min ).

In a formula, the import score equals for oil (gas similar):

Max (0 ; - sc EU min oil x 100 / (100-sc EU min oil) + 100 / (100-sc EU min_oil) X
(EU+NO s oil + w_It oil x sh_It oil)

In essence, this formula is similar to the domestic part with the ‘ds min ’ part replaced by
‘sc EU min ’ and ‘ds_’ replaced by ‘EU+NO s +w It xsh It ’.

Moreover, the score for import is normalised with the domestic score, by multiplying it:
(import score) X (100 - domestic score) /100.

This ensures that the total PES sub-index value (score) will not be higher than 100, using the net
domestic share and import dependency as weighing factors.

The import scoring rules are depicted graphically in the next Figure A.1 In the default situation

the credit for long-term contracts is zero. In addition, two cases are shown for which the imports
from outside the EU and Norway are secured by 50% or 100% long-term contracts.
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Figure A.4 Scoring rules for imports of oil (top) and gas (bottom)
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A.2.3 Coal, Nuclear, Renewable sources, Other

Nuclear energy will have a value of 100 irrespective of the supply origin because supply risks
for uranium are relatively low.

Because coal, renewables (mainly biomass) and other energy supplies will be sufficiently diver-
sified, the index has a minimum value of 70 (sc_min) if the total supply is imported. The score
will increase proportionally with decreasing shares of imports (and increasing domestic shares).

In a formula, the domestic score equals:
sc_min_pri + (100-sc_min_pri) X ds_pri /100,
with pri = either coa, nuc, ren or oth (coal, nuclear, renewables or ‘other’).

These scoring rule is depicted graphically in Figure 5.4.

Some may argue that coal is at least as good for the security of supply as nuclear; in that case
the minimum score for coal would be 100. In the case for the Netherlands, a specific sensitivity
analysis has been performed and reported in Appendix C.

A.3 Energy conversion and transport

A distinction is made between electricity, heat and transport fuels. For each a further subdivi-
sion is made between conversion and transport, and depending on secondary energy carrier, a
further delineation, see also Figure 5.2 in Chapter 4.

A.3.1 Definitions

Symbol Value  Description

Weights

w_ele 0.3 Weight electricity (as secondary energy carrier)

w_gas 0.3 Weight gas (as secondary energy carrier)

w_hea 0.2 Weight heat (as secondary energy carrier)

w_trf 0.2 Weight transport fuel (as secondary energy carrier)

Electricity

eff e MS-spec Average conversion efficiency thermal electricity production

eff e min 0.35 Minimum value average conversion efficiency thermal electricity
production

eff e max 0.50 Maximum value average conversion efficiency thermal electricity
production

res fac MS-spec Reserve (margin) factor domestic production for the electricity
system, without import capacity and assumptions on (unplanned)
availability

res_fac cri 1.20 Criterion value reserve margin factor domestic production for the
electricity system

imp_cap MS-spec Import capacity interconnection, expressed as percentage of
domestic production capacity

imp_cap_cri 0.05 Criterion value for import capacity interconnection, expressed as
fraction of domestic production capacity

Gas

gas gic MS-spec Annual gas consumption (Gross Inland Consumption), bcm/year
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Symbol Value  Description

gas_imp_cap MS-spec Import capacity, bcm/year (e.g. based on a standard load factor of
8300 hours like in (EC, 2005).
Import capacity includes both pipeline gas and LNG imports.

gas dom pro  MS-spec Domestic gas production (capacity), bcm/year, either actual in a
given year or maximum capacity

gas_res MS-spec  ‘Gas reserve factor’ defined as:

(gas_dom_pro + gas_imp cap) / gas_gic
ugs pea out MS-spec Peak output of underground gas storage (mcm/day)

Ing pea out MS-spec Nominal (total) output of (all) LNG facilities (mcm/day)
dom pea pro  MS-spec Domestic one-day peak production (mcm/day).
gas pea_ave MS-spec Average daily gas demand in the peak month (mcm/day)

Heat

ele CHP MS-spec Fraction of electricity produced by combined heat and power
(CHP)

ele CHP cri 25% Criterion value fraction of electricity produced by CHP

Transport fuels

ref cap uti MS-spec Refinery capacity utilisation rate (IEA, 2005, p. 89)

low_uti 80% Low value for criterion for refinery capacity utilisation rate

hig_uti 95%  High value for criterion for refinery capacity utilisation rate

A.3.2 Electricity

Conversion

If the efficiency of thermal electricity production is higher, a higher score results. An efficiency
of 35% or less, leads to a score of 0; an efficiency of 50% or more leads to a 100 score. In be-
tween, a proportional score applies. E.g. an efficiency of 42% leads to a score of 47 (=100 x
(42-35)/(50-35)).

The adequacy score is related to the domestic capacity compared to peak demand. A ‘reserve
factor’, res_fac, is defined as the percentage of the available capacity in excess of the peak de-
mand. If the reserve factor is more than a certain level, res_fac_cri (20%) the score is 100. Oth-
erwise, the score is res_fac/res_fac_cri.

The default score value for reliability is 100, assuming that on average the reliability of power

plants is sufficient. Alternatively, the reliability of power generation capacity could also be in-
cluded in power generation adequacy.
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These scoring rules are summarised in the table below.

Attribute Weight Values Scoring rule

Efficiency 0.3 eff ee.g. from 100, if eff e>eff e max
energy balance 0, ifeff e <eff e min
eff e max =50% 100 x (eff e-eff min) / (eff e max - eff e min),
eff e min=35% in between

Score, eff e =42% Score: 47 (= (47-35) / (50-35))
Adequacy 0.6 res fac cri=20% 100, if res_fac >res fac cri
Min (100; 100 x res_fac / res_fac_cri)
Score, res_fac=10% Score: 50 (= 10/20)

Reliability 0.1 100 (Reliability of plants considered sufficient)

Transport

The adequacy attributes are associated with inland congestion (weight 0.2) and the import ca-
pacity (weight 0.8). The default score for inland congestion is 100. Member States with inland
congestion problems may have a lower score.

The score on the import capacity is a combination of a score related to the share of import, ex-
pressed as % of the domestic capacity (imp_cap_fac), and a criterion value (imp_cap_cri), and
sum of the domestic and import capacity compared to peak demand (see also Electricity, Con-
version, Adequacy).

The import capacity criterion valuee (imp_fac cri) is tentatively set to 5%, so lower and less
stringent than the ‘Barcelona’ goal of 10% set out in (EC, 2003b).

A product type of rule is needed for Member States with very high import capacities (e.g. Lux-
embourg) in comparison with domestic capacity. The sum of domestic and import capacity in
relation to peak demand is then relevant as well. Otherwise, the value of import capacity could
be overrated. In the product scoring rule, the same criterion value as for domestic capacity only
has been used (res_fac_cri).

Note that different sources may use different definitions of ‘domestic capacity’, ‘reserve factor’,
‘reserve margin’, or ‘import capacity’ as a result of which the shares or criteria may (slightly)
differ (UCTE, 2005; TenneT, 2005). For MS comparison purposes, a clear and uniquely deter-
mined and consistent definition should be used.

For the transport reliability attribute, statistics on network reliability in terms of the average
time of outages per year could be used or a value for the total minutes per year without supply.
Such values could be compared to a criterion value below which the score would be 100 (reli-
able enough). If the values are higher than such criterion values, the score would be less than
100. However, data on future network reliability is not available. For the moment the default
index value is 100.
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These scoring rules are summarised in the table below.

Attribute ~ Weight Weight  Scoring rule
Adequacy 0.8 Inland con-0.2 100
gestion
Import 0.8 Min (100; 100 X imp_cap_fac / imp_fac_cri)
capacity X
Min (100; 100 X (res_fac + imp_cap_fac/res fac cri)
/100
Reliability 0.2 n/a 100

(Reliability of network considered sufficient)

A.3.3 Gas

It should be noted that there are hardly any relatively simple measures for the security of gas

supply. In (DTI, 2006) two measures are mentioned:

1. ‘Gas margin’: difference between maximum gas supply capacity and maximum gas de-
mand, e.g. on a particularly cold day or throughout a cold period during winter. This does
not include the extent to which these capacities do coincide i.e. at peak demands the maxi-
mum capacity may not be fully available.

2. Expected energy unserved (as % of annual gas demand): needs assumptions on probability
distributions of supply and demand (similarly as for similar measures used for electricity i.e.
Loss Of Load Expectation, LOLE).

Some countries use a criterion to meet a 1 in N years extreme cold day peak demand to ‘design’
or check an adequate level of the capacity of supply sources. E.g. Belgium, the Netherlands and
the UK use a 1-in-50 years criterion (IEA, 2002).

The extreme cold day or period may also be defined by a certain extremely low temperature
above which supply should be guaranteed, possibly restricted to specific categories of non-
interruptible consumers.

In updating the S/D Index model, the gas transport branch is developed quite analogous to the
electricity branch. Rather than a conversion branch, the gas branch has a Storage/Flexible pro-
duction branch.

Transport

The gas transport branch is quite analogous to the electricity transport branch. The adequacy
attributes are associated with inland congestion (weight 0.2) and the import capacity (weight
0.8). The default score for inland congestion is 100. Member States with inland congestion
problems may have a lower score.

The score on the import capacity takes into account the annual gas consumption in relation to
the sum of the import capacity and the domestic production. A ‘gas reserve factor’ is defined
and related to a criterion

The default score value for reliability is 100, assuming that on average the reliability of the gas

transport network is sufficient. Alternatively, the reliability could also be included as an attrib-
ute in the Adequacy part.
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These scoring rules are summarised in the table below.

Attribute ~ Weight Weight  Scoring rule

Adequacy 0.8 Inland con-0.2 100
gestion
Import 0.8 If gas_res > swi_mon, then 100
capacity If gas res <1, then 0

Otherwise, then:
100*(gas_res - 1)/(swi_mon -1))

Reliability 0.2 n/a 100
(Reliability of gas transport network considered suf-
ficient)

Storage/Flexibility production

Flexibility requirements can be met by several means:

1. Underground Gas Storage (UGS)

LNG (peak-shaving) facilities

Flexible production of domestic gas fields
Interconnection and import capacity

Line-pack

Interruptible contracts

(fuel-switching capabilities of users e.g. power plants?)

NowARwLD

The scoring rule and criterion aims to address mainly the flexibility provided by storage only
(UGS and LNG) and domestic production, and the flexibility needed on a daily basis i.e. the
adequacy to supply the peak day demand in a specific year. The flexibility that may be covered
by import capacity has already been assessed as part of the transport/adequacy branch, and ad-
dresses seasonal flexibility and variations.

Flexibility through domestic production is rather limited as most MS are gas importing coun-
tries. With the Netherlands, United Kingdom and Denmark as exceptions of Member States
with a large domestic production share, the storage/flexibility scoring rule includes mainly UGS
and LNG.

Monthly gas consumption patterns are available through Eurostat (website). Monthly figures for
the period 2000-mid 2006 have been compiled to arrive at the peak month gas consumption
(gas_pea_ave, usually January) that can be compared to the average monthly gas consumption
(gas. The ratio of these two values is a measure for the swing in demand (swi_mon, see previous
section).

The scoring rules are summarised in the table below.

Attribute ~ Weight Scoring rule

Adequacy 0.8 min(100; 100*(ugs pea out + Ing nom out out + dom pea pro)/
(gas_pea_ave*1.2))

Reliability 0.2 100
(Reliability of gas transport network considered sufficient)
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As the ‘one-day’ peak demand (dom_pea pro) is not available from the usual statistics, an addi-
tional tentative and generic factor of 1.2 has been used to include the ‘actual’ one-day peak de-
mand to some extent, rather than the average daily value of the peak month. In some cases, cer-
tain sources of MS specific information mention the one-day peak demand'”.

It should be noted that, in particular demand patterns, may vary from year to year depending on
weather conditions and structural increases e.g. due to economic growth. Therefore, it may be
sensible to use estimates of peak (and average) demand based on a number of years rather than
based on one specific year.

The domestic peak production (mcm/day) may not be easily available from statistics. As a
(rather conservative) estimate (proxy) the average production per day based on the annual pro-
duction could be used in cases where statistics are lacking.

Another, less conservative estimate could be made by multiplying this average daily demand
with a swing factor for domestic production (e.g. as provided in (IEA, 2002) for some Member
States).

A.3.4 Heat

Conversion
The type of scoring rules and attributes for heat are different from the ones for electricity.

The boiler efficiencies are not used here because of lacking information on this aspect (weight
set to 0, see Figure 5.2 in Section 5.2). But even more relevant for efficiency of heat production
is the share of heat generated by combined heat and power (CHP). Because of the complex (or
even impossible) way to compute heat generated and the final heat from existing statistical in-
formation, these figures are not used. Instead, the share of CHP in electricity generation
(ele_CHP) is used. Both statistics and scenario results usually report this CHP indicator for elec-
tricity. The index value is proportional to this share and will reach the value of 100 when 25%
(ele_ CHP_cri) of national annual electricity production is generated by CHP, a figure reflecting
national practice in the Netherlands and Denmark.

In a formula, the scoring rule equals: Min(100; ele CHP/ele chp cri x 100).

Transport
The weight of the transport branch in the S/D Index model has been set to 0. Hence, no scoring
rule has been developed.

A.3.5 Transport fuels

Conversion

Efficiency: The fuel efficiency in terms of crude oil (and biofuels) input versus oil products out-
put is relatively high (typically about 94%) and not really discriminating. Moreover, supporting
data cannot be obtained easily; therefore, a score of 100 is assigned in all cases. Otherwise, a
similar rule such as for Electricity, Efficiency could be applied (see Section A.3.2).

Adequacy: The index value is 100 if the refinery capacity in use is 80% or lower compared to
the total domestic refinery capacity. If this figure exceeds the value of 95% the index value is

15 E.g. UK year 2002, 435 mem was the maximum (IEA, 2002). (DTI, 2005) mentions a value of 500 mem as expec-
tation for the (near?) future in a severe winter. The ‘average of the peak month’ approach results in about 400
mcm (based on Eurostat data 2000-2005).
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dropping to zero. Between these two figures, which again reflect industry practice including
mothballing, the index value is proportional to the ratio of refinery capacity in use.

Attribute Weight Values Scoring rule
Efficiency 0.3 100
Adequacy 0.7  ref cap uti 100, if ref cap_uti <=low_uti
MS-spec
low_uti = 80% 0, if ref cap_uti >hig_uti
hig_uti = 92% 100 - (ref cap_uti-low_uti)/(hig_uti-low_uti) X
100, otherwise
Reliability 0.0 n/a (weight 0)
Transport

The capacity for transporting automotive fuels will seldom be constrained, because there are
several alternatives (by truck, ship, train or pipeline). Therefore the default index value is 100.
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Appendix B Quantification details

This part of the appendix reviews in more detail issues with regard to quantification of the S/D
model, viz. data sources, specific data requirements, additional assumptions, limitations and
other issues.

B.1 Data sources

Both the conceptual model as outlined in Chapter 5 and the illustrative quantified examples of

the model in Chapter 5 indicate that the model needs a variety of data in order to quantify it. To

the extent possible, objective data sources have been used:

1. Energy demand intensities from (Odyssee, 2005) and (Eurostat, 2004; 2006).

2. Data on energy conversion and transport aspects from a variety of sources including
(UCTE, 2005), the Dutch TSO (TenneT, 2005), EC scenarios (EC, 2006), EC Benchmark-
ing reports (EC, 2005b) and (IEA, 2002, 2005, 2006).

3. Data on primary energy sources: from Eurostat data and the EC scenarios.

Since energy balances play a crucial role in providing the more objective information, one ex-
ample from Eurostat and one from the (old) baseline EC scenarios is presented here, see Table
B.1 for the EU-25 energy balance 1990-2003 and Table B.2 for the energy balance 1990-2030
of the ‘old’ baseline scenario for Netherlands.

From the inland consumption data, the relative shares of the primary energy supply mix can be
computed. From the final energy demand, the relative shares of the sectoral final energy de-
mand can be computed. These two types of shares provide the ‘objective’ weighing factors in
the S/D model.

In addition, Table B.3 presents the summary indicators some of which have been used in the
quantification of the S/D model.

For reasons of convenience, the most recent energy balances (April 2006) that were readily and
easily available through the Eurostat website have been used. These data are made publicly
available in Excel formats which facilitate the various quantification steps. Therefore, the 2003
data of (Eurostat, 2006) have been used primarily. Moreover, information on the final energy
intensities is largely based on the Odyssee database.

It should be noted that some parts of the Eurostat ‘Monthly tables’ include more recent data on
the primary supply and imports. Data for 2004 (complete) and partially for 2005 are included in

these tables. Such information is only made publicly available in PDF format.

Table B.2  Example of summary energy balance, EU-25, 1990-2003

[Mtoe] 1990 1995 2000 2001 2002 2003

Production 877.84 896.80 896.60 897.55 895.86 888.17
Solid fuels 351.75 264.46 203.20 201.53 200.59 196.64
Oil 120.33 162.35 163.77 152.66 155.87 145.12
Gas 139.63 174.17 196.66 197.22 193.27 189.39
Nuclear 196.95 215.32 237.66 246.03 248.40 251.16
Renewables 67.52 78.18 92.62 97.07 94.51 103.11
Other 1.67 2.34 2.68 3.04 3.22 2.74
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[Mtoe] 1990 1995 2000 2001 2002 2003
Net Imports 708.96 701.17 801.54 827.27 826.24 875.47
Solid fuels 75.25 73.92 94.31 103.48 101.33 111.30
Oil 507.99 490.73 518.22 540.31 52522 547.29
Gas 123.39 134.80 186.46 182.01 197.39 216.16
Electricity 2.18 1.37 2.14 1.04 1.86 0.41
Renewables 0.14 0.34 0.40 0.43 0.43 0.30
Derived heat 0.00 0.00 0.00 0.00
Inland Consumption 1553.01 1571.44 1652.15 1686.83 1676.89 1726.03
Solid fuels 431.53 345.42 305.60 307.14 305.53 314.38
Oil 593.65 621.11 634.76 648.04 638.00 645.85
Gas 259.14 307.34 376.29 383.97 384.92 408.08
Nuclear 196.95 215.32 237.66 246.03 248.40 251.16
Renewables 67.89 78.53 93.01 97.56 94.94 103.40
Other 3.85 3.71 4.83 4.09 5.10 3.16
Elec. Generation [TWh] 2379.96 2630.76 2928.49 3004.58 3018.03 3120.53
Coal 887.51 909.12 887.27 897.57 895.43 960.38
Oil 214.04 217.16 176.40 170.18 185.69 162.39
Gas 180.91 275.75 503.21 508.53 542.63 581.60
Nuclear 780.21 864.56 921.36 953.76 964.12 973.67
Renewables’ 293.79 335.58 404.17 430.28 386.67 398.60
Other 23.50 28.60 36.09 44.26 43.49 43.89
Final Energy Demand 1010.46 1023.74 1068.86 1093.97 1080.07 1131.56
by fuel/product
Solid fuels 123.93 81.52 58.20 56.94 52.45 51.16
Oil 428.58 447.22 469.39 480.81 475.16 476.43
Gas 202.89 231.62 257.05 262.35 258.11 275.17
Electricity 176.46 187.82 211.35 216.32 218.33 224.55
Renewables 33.78 38.01 43.58 45.44 45.24 48.16
Other 44.82 37.56 29.28 32.10 30.77 56.10
by sector
Industry 331.64 304.89 309.89 309.86 307.01 317.18
Transport 273.14 295.01 333.38 335.74 338.09 344.38
Households 259.33 274.58 274.11 290.24 274.09 300.53
Commerce & other 146.35 149.26 151.47 158.13 160.87 169.48
Non-Energy Uses 94.31 103.55 105.94 102.45 100.31 100.82
CO, emissions  [Mt] 3775 3655 3692 3749 3750 3853
Energy intensity [toe/M€95] 246 230 212 212 209 208
CO; intensity [tCO2/toe] 2.43 2.33 2.23 2.22 2.24 2.23
Import dependency [%] 44.6 43.6 473 47.8 48.0 49.5
ﬁ(rgeg%:;]r capita 3524 3507 3648 3714 3682 3773
CO, per capita [kg/cap] 8566 8157 8152 8255 8233 8428
not including pumping
without maritime bunkers
Source: (Eurostat, 2006)
Data indicated in italics have been used for the ‘2003’ quantification.
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Table B.5 Gross inland consumption, EU-25 and Member States, 2003

[Mtoe] All fuels  Solid fuels Oil Natural gas  Nuclear = Renewables

EU-25 1726.0 314.4 645.8 408.1 251.2 103.4

EU-15 15134 222.5 596.0 366.1 231.7 92.1
BE 55.8 6.2 21.2 14.4 12.2 1.1
Cz 43.7 20.7 8.6 7.8 6.7 1.2
DK 20.7 5.7 8.3 4.7 0.0 2.7
DE 344.5 85.0 125.3 79.2 42.6 11.6
EE 5.5 34 1.0 0.7 0.0 0.5
EL 30.2 8.9 17.5 2.0 0.0 1.5
ES 134.1 20.2 67.1 214 16.0 9.4
FR 270.6 13.8 92.0 39.4 113.8 17.3
IE 15.3 2.5 8.7 3.7 0.0 0.3
IT 181.8 14.9 88.3 63.4 0.0 10.8
CY 2.5 0.0 2.5 0.0 0.0 0.0
LV 4.4 0.1 1.2 1.3 0.0 1.5
LT 9.0 0.2 24 2.4 4.0 0.7
LU 4.2 0.1 2.7 1.1 0.0 0.1
HU 26.7 3.7 6.8 11.9 2.8 0.9
MT 0.9 0.0 0.9 0.0 0.0 0.0
NL 80.5 8.7 31.2 36.0 1.0 2.0
AT 32.7 4.0 13.8 7.6 0.0 6.7
PL 94.1 57.7 20.4 11.3 0.0 5.1
PT 25.3 3.3 14.9 2.6 0.0 43
SI 6.9 1.5 2.5 0.9 1.3 0.7
SK 18.9 4.6 3.6 5.7 4.6 0.6
FI 37.1 8.2 10.4 4.1 5.9 7.9
SE 50.9 2.7 15.5 0.8 17.4 13.4
UK 229.8 38.4 79.3 85.9 22.9 3.1

Source: (Eurostat, 2006)
Data indicated in italics have been used for the 2003’ quantification.
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Table B.6  Import dependencies, EU-25 and Member States, 2003

[%] All fuels Solid fuels Oil Gas
EU-25 49.5 354 76.6 53.0
EU-15 51.8 55.1 79.2 49.2

BE 78.8 86.2 100.9 98.9
Ccz 24.9 -17.4 95.8 98.2
DK -31.7 98.3 -98.0 -55.7
DE 61.1 29.1 98.0 78.8
EE 27.4 6.8 73.7 100.0
EL 67.4 4.7 96.1 98.8
ES 76.4 63.4 99.6 99.1
FR 50.5 86.0 99.4 95.5
IE 87.1 65.8 96.3 85.2
IT 84.0 97.7 82.9 80.3
CYy 99.1 94.7 100.6 -
LV 58.7 93.7 101.5 104.4
LT 453 98.9 89.5 100.0
LU 98.7 100.0 100.2 100.0
HU 61.1 26.8 71.0 83.6
MT 100.0 - 100.0 -
NL 37.6 104.6 91.7 -45.0
AT 69.8 83.8 93.5 78.7
PL 14.3 -23.0 96.5 66.6
PT 85.3 99.7 103.1 100.3
SI 53.4 20.4 101.4 99.4
SK 64.6 79.9 90.6 96.8
FI 59.2 80.6 102.1 100.0
SE 42.9 92.7 106.3 100.0

UK -3.9 52.2 -33.2 -8.2

Source: (Eurostat, 2006)

Data indicated in italics have been used for the ‘2003’ quantification. Negative numbers indicate that a MS is a net
exporter. In that case, the ‘net’ domestic share (ds_pri, see Section A.2) used in the quantification of the S/D Index
has been set to 1 (see also Table C.1 where the import dependencies have been set to 0 in such cases)
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B.2 Additional assumptions and data requirements for future scenarios

For the 2020 quantification, the summary energy balances in (EC, 2003) and (EC, 2004) have
been used as information sources. In particular, the demand and PES scores are based on data
from these scenario studies. It should be noted that these scenarios do not always provide the
data required for the S/D model. Additional but plausible assumptions have therefore been made
to fill this data gap, see the examples outlined in Section C.4.

B.2.1 Final energy demand

The energy intensity development for industry and the tertiary sector is given as an index value
in the EC scenarios. The changes in index values for 2005 and 2020 are used for calculation of
the absolute energy intensities in 2020 (expressed as toe/M€), together with the absolute current
(i.e. 2003) figures.

The EC scenarios provide explicit data for the transport energy intensities (toe/Mtkm and
toe/Mpkm, for goods and passenger kilometres, respectively). Since the Odyssee transport data
are not always consistent with the Eurostat or scenario data due to differences in definitions, the
differences of the ‘2003° Odyssee data and the Eurostat data or ‘2005’ scenario data are used as
proxy to correct the ‘2020’ scenario data.

The future toe/capita values for the residential final energy demand can be deduced from the
projected size of the population and the final residential energy demand.

B.2.2 Energy conversion and transport

For the C+T part of the model, mainly the efficiency indicator (electricity branch of C+T tree)
and CHP indicator (heat branch of C+T tree) of the scenarios have been used. All other parame-
ters have not been changed, principally due to a lack of data in the public documentation of
these scenarios. This applies to import capacities of electricity, reserve factors, and the transport
fuel data. In theory, such information could be made available from details on the scenarios. An
example of such detailed information is a more recent baseline scenario for the Netherlands, see
Section C.4. For this Global Economy scenario estimates for the reserve factor for electricity
production and the import capacity factor have been derived from the detailed POWERS calcu-
lations. POWERS is the electricity market simulation model used for the Reference Projections
(ECN/MNP, 2005). The model calculates wholesale electricity prices, capacity allocation and
the resulting fuel mix, with the projected electricity demands and the actual production park in-
cluding investments in new capacity as exogenous inputs. The model takes into account sce-
nario parameters like fuel prices, CO, prices and economic growth that is reflected in the devel-
opment of the electricity demand. A description of the model can be found in (Seebregts et al.,
2005).

B.2.3 Primary energy sources

The primary energy mix and the import dependencies can be directly retrieved from the sum-
mary energy balances.
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B.3 Limitations and flexibility

B.3.1 Limitations

The quantification of the S/D index has some limitations that have been already addressed but

are here summarised for convenience.

1. The assessments on the basis of the S/D Index model are partly subjective. However, it
should be noted that any assessment of this type will be subjective.

2. Comparison of index values with other Member States or some EU benchmark may lead to
undesired ‘wishful” weighing and scoring in order to get a good mark.

3. Depletion of fossil reserves is an aspect sometimes included in indicators for long-term se-
curity of supply, see e.g. the indicators developed in (Jansen et al., 2004). Depletion has
been intentionally left out in the S/D index. Remaining reserves, either domestic or from
countries of origin is an important aspect in an overall assessment. Within the procedure
outlined in this report, depletion could be dealt with in the scenario application of the S/D
index, or the aspect could be added to the S/D model, once reserves really become an issue
of concern.

4. Definitions, accuracy and incompleteness in ‘objective’ data sources must be carefully con-
sidered

5. The usual Eurostat energy statistics are always somewhat delayed: ‘now’ may be 2-3 years
ago. National statistics usually have more recent data if necessary.

6. When applying the S/D index model for a future energy system, it should be noted that the
larger the time horizon, the larger the future uncertainties are. Different future scenarios for
one Member State may show quite diverging energy images, with quite differently emerg-
ing values for the S/D index. In that case, comparisons are still meaningful. On the contrary,
S/D Index values comparisons between Member States should at least be based on the same
common ‘EU’ scenario in order to let the comparison be meaningful.

B.3.2 Flexibility

The detail of the energy system model that forms the basis for scoring the security of supply has

therefore been carefully selected in order to arrive at a model that:

1. Is still transparent and simple enough to understand the results relatively easy, given the
data and other assumptions

2. Enables sensitivity and uncertainty analyses on key assumptions and data parameters

3. Depicts the entire energy system in one (graphical) figure.

4. Can be quantified without the need for detailed data mining, as it is based on existing en-
ergy system data and existing other indicators.

On the other hand, the model has been defined such that it enables flexibility in terms of:

1. Increasing the level of detail, e.g. one could make a distinction in imports coming from out-
side the EU and Norway, and add the country or regional detail to those imports with also
different weights.

2. Modifying the existing weights and scoring criteria which has been demonstrated in a few
sensitivity analyses in Appendix C.

3. Modifying the nature of the scoring rules.

The parameter and data uncertainties, either with respect to the weighing factors in the model or
with respect to selected criteria used in the scoring rules, have been analysed in sensitivity
analyses. These analyses have shown which uncertain parameters have the largest impact on the
S/D index value, and which should therefore receive special attention.
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Appendix C Additional quantitative results

In addition to the results reported in Chapter 6, this Appendix provides more quantification re-
sults. This Appendix includes results obtained with the updated S/D Index model for the EU-27
and the 27 Member States. Subsequently, the following cases are reported:

1. Appendix C.1: Detailed results (in tables) for the 27 Member States individually and the
EU-27 as a whole.

2. Appendix C.2: Sensitivity cases with the ‘threshold’ for oil and gas set to 30% instead of
0% i.e. the net domestic share or the share of the imports from within the EU+Norway
should at least be 30% before a positive score on the PES oil or gas part applies. The 30%
choice was the value selected in the quantification with the old S/D Index model for the EU-
25 and some selected Member States, reported here as part of Appendix C.3.

These sensitivity results are reported in the type of figures as presented in Chapter 6, for the
overall S/D Index and for the main Sub-indices at the PES, C+T and Demand level.

Some notions on the old model are equally valid for the update of the S/D Index model. There-
fore and also for reasons of completeness, the results obtained with the previous version of the
S/D Index model as reported in (Scheepers et al, 2006) are presented in Appendix C.3. Addi-
tional and illustrative sensitivity analyses are presented to show the impact of the most impor-
tant weighing factors, and the use of alternative scenarios for the Netherlands and the UK.

For a discussion of the results, the reader is referred to Chapter 6.

C.1 Detailed results
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S/D Index, 2005 and 2020
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PES Sub-Index, 2005 and 2020
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C+T Sub-index, 2005 and 2020
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Demand Sub-index, 2005 and 2020
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PES Sub-Index, 2005, sorted
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PES Sub-Index, 2020, sorted

DK-2020
SE-2020
NL-2020
FR-2020
UK-2020
RO-2020
FI2020
Cz-2020
DE-2020
IE-2020
PL-2020
EU27-2020
BE-2020
BG-2020
EE-2020
SI-2020
SK-2020
HU-2020
AT-2020
LV-2020
ES-2020
IT-2020
EL-2020
PT-2020
LT-2020
LU-2020
CY-2020

MT-2020

86

PES Sub-Index

—

20 40 60 80 100
| | | }
| 96

|
|

|79
|
175 |
|
|
|70 |
|
|
69 ;
|
|

63

| |
|
| 62 |
|
|
|61 l
:
| 60 :
:
59 |
|
|
|58 !
|
:
| 56 !
l
| 52 |
l
| 51 |
:
| 50 l
|
|
43 !
|
|
| 42 1
:
| 40 l
|
|
| 39 ;
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

ECN-E--07-004/CIEP



C.2 Sensitivity cases

C.2.1 Sensitivity on thresholds oil and gas

One major difference compared with the previous S/D Index model is the choice of the thresh-
old used in scoring the PES parts of oil and gas. The previous model (Scheepers et al., 2006)
used a 30% threshold, while the updated model has no threshold, i.e. a threshold of 0%.

The main effect of the change will be that the PES scores for oil and gas will improve for those
Member States having domestic shares between the two thresholds or having import shares
from within EU+Norway between these two thresholds.

On average (for 27 MS), the S/D Index becomes 3 points lower with the old thresholds of 30%.
Roughly, the ranking order of the MS remains unaltered. The EU-27, Germany (DE), Belgium

(BE), Hungary (HU) and Italy (IT) are ranked lower. Italy even becomes a ‘low scoring’ MS,
while Germany does no longer belong to the top-10.

C.2.2 Weight of the PES part versus other parts
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S/D Index, 2005 and 2020, 30% thresholds oil and gas ...
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PES Sub-Index, 2005 and 2020, 30% thresholds oil and gas ...
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S/D Index, 2005, 30% thresholds oil/gas, sorted
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PES Sub-Index, 2005, 30% thresholds oil/gas, sorted
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C.3 Quantifications based on previous S/D Index model*®

C.3.1 2005 with selected Member States

Results of the analysis are presented in Table C.1. For the four Member States and the EU two
columns are shown. The first column lists weights (see also Table C.1) and shares of final de-
mand and the primary energy mix explaining the contributions of sub-indices to the overall S/D
Index value. The second column shows the S/D Index and the major sub-indices. For a review
of energy security supply the sub-indices for demand, supply, energy conversion and transport
(C+T) and primary energy sources (PES) are at least as important as the S/D Index (the bold
figures in Table C.1). Appendix A and B give a further description and explanation of the meth-
odology and data used.

Table C.1 Today’s S/D Index for energy supply security for a number of selected EU MS and
the EU: old model

. Spain i The Netherlands ! UK Poland EU-25
Weight/ Index Weight/ Index Weight/ Index Weight/ Index :Weight/ Index
i share 1 share share i share ! share
S/D Index | 511 | 68.3 | 715 | 65.2 | 53.9
Demand v 03 752 ¢ 0.3 581 . 03 66.8 . 0.3 49.2 . 03 67.9
Industry L0.33 47 1 027 45 1 024 64 1 030 17 028 65
Residential | 0.15 100 020 56 & 030 47 1 033 75 027 58
Tertiary P01 70 1 024 53 1 013 67 020 14 015 67
Transport | 0.41 9 1 029 76 1 034 8 1 016 100 i 030 80
Supply 107 408 07 727 07 8.0 : 07 720 07 479
C+T 1 03 631 03 960 03 456 03  84.0: 03  60.2
Electricity | 0.3 88 ' 03 9 03 59 103 86 ' 03 64
Heat bo0S5 47 105 100 1 05 35 105 100 1 05 55
Tr. Fuels Lo02 67 1 02 9% 1 02 51 1 02 40 1 02 67
PES P07 312 07 62.7 ;. 0.7 97.7 1 0.7 66.9 . 0.7 4.7
0il L0.50 0 038 10 ' 034 100 1 022 0 1 037 0
Gas L 016 0 ! 046 100 ! 038 100 : 0.1l 6 & 024 24
Coal P0.15 81 1 0.1 70 016 85 1+ 062 100 : 0.18 89
Nuclear b012 100 ¢ 001 100 ! 0.0 100 i 000 100 014 100
RES ©0.07 100 ¢ 002 100 : 001 100 : 005 100 : 0.06 100
Other P 000 100 : 002 100 ! 000 100 : 000 100 : 000 100

Of all selected countries the S/D Index value for Spain is the lowest. This is mainly caused by
large import dependencies for oil (with a 50% PES-share) and natural gas, but some energy
conversion and transport aspects also contribute negatively to the value of the S/D Index. In
contrast with the low figures at the supply side, the Spanish sub-index for demand is the highest
of the selected countries, due to low energy intensity of the residential and transport sectors.

The S/D Index for The Netherlands has a moderate value. Indigenous natural gas production
and a good score on energy conversion (e.g. electricity generation efficiency, CHP share) and
energy transport (e.g. electricity import capacity) have a positive influence on the sub-index
value for supply, whereas the import dependency for oil and coal contributes negatively to this
sub-index value. On the demand side the value for the industrial sector is relatively low.

The high score of the sub-index for the primary energy sources results in a relatively high S/D
Index for the United Kingdom. Much weaker are the index values for energy conversion and
transport aspects and the energy intensity of the residential sector and with that reducing the
UK’s S/D index.

'6 Note this Appendix C.3 corresponds with Sections 5.1, 5.2, and 5.3 of the previous report ECN-C-06-039.
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At the supply side Poland profits from the indigenous coal production (with a PES-share of
62%). The sub-index value for primary energy sources is reduced, however, by the strong de-
pendency of oil and gas imports. A relative poor score at the demand side (industry and tertiary
sectors) negatively influences the overall S/D Index value for Poland though.

The calculated S/D Index of the Furopean Union (EU-25) is only slightly higher than the index
value of Spain. This is explained by the composition of contributing factors: the sub-index for
demand shows a quite reasonable value, but the sub-index for supply reduces the overall S/D
Index value, in particular the sub-index value for primary energy sources due to the strong im-
port dependencies for oil and natural gas. Also the sub-index for energy conversion and trans-
port has a relatively low value.

C.3.2 2020 based on ‘old’ Trends to 2030 scenario

An essential element in the whole idea about the standards is to look forward. This is especially
the case with respect to the development of energy balances, as they will evolve over time. For
the UK it is quite clear for instance that its domestic oil and gas production will decrease and
that imports from outside the EU will have to increase, with strong impacts for the UK’s S/D
Index. As another example, it could be questioned to what extent Poland will be able to con-
tinue its large domestic coal production, considering economic and environmental sustainabil-

ity.

The use of the S/D Index in a scenario approach is illustrated in Table C.2 and in Figure C.1,
which shows the more aggregated results and a comparison with today’s values. On the basis of
scenario data taken from the base case scenario of EU Trends to 2030 (EC, 2003) S/D Index
values have been calculated for the selected Member States and the European Union (EU-25).
According to the scenario the S/D Index for Spain decreases with 3.2 points compared to the
today’s index value due to an increased import dependency for gas and oil, and lower sub-index
values for energy intensity. The S/D Index for The Netherlands increases slightly, mainly due to
an increase of the domestically produced gas in the fuel mix. In 2020 the United Kingdom will
become import dependent for natural gas. It is assumed that 50% of these imports will originate
from outside the EU and Norway. The sub-index for PES drops with 16.3 points resulting in 4.5
lower S/D Index for the UK. Figure C.1 also shows a sensitivity case for the UK with a 75%
import dependency for oil and gas in 2020, based on new insights (FCO, 2004; DTI, 2006), see
also Appendix C.3. The PES index also drops for Poland. Due to an increasing import depend-
ency - indigenous coal is replaced by imported gas - the sub-index for PES drops with 19.8
points and results in a decrease of the overall S/D Index with 10.2 points. Also the import de-
pendency of the European Union is the main cause of a decrease of the PES sub-index with
11.9 points and a decrease of the overall S/D Index with 4.9 points.

Table C.2 S/D Index for energy supply security for a number of selected EU MS and the EU in
2020 on the basis of EC baseline scenarios: old model

. Spain i The Netherlands : UK Poland EU-25
iWeight/s Index iWeight/s Index iWeight/s Index iWeight/s Index iWeight/s Index
| hare hare hare hare hare
S/D Index 479 68.7 ! 72,0 55.0 : 49.0
Demand . 03 700 i 03 577 0 03 671 | 03 461 | 03 667
Industry 1030 45 1 024 44 1 024 65 1 024 25 1 028 65
Residential | 0.7 82 1 021 51 1 028 45 1 034 44 1 025 52
Tertiary ' 0.12 68 ' 0.24 54 ' 0.14 66 ' 0.20 18 ' 0.15 67
Transport . 0.40 85 . 0.31 75 . 0.34 87 . 0.23 95 . 0.32 80
Supply b 07 385 1 07 735 1 07 741 1 07 588 : 0.7 41.3
C+T b 03 698 . 03 915 © 03 571 ¢+ 03 863 . 03 66.1
Electricity 03 95 03 100 03 66 03 94 03 72
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Heat .05 56 0.5 85 05 54 i 05 100 i 05 62

Tr. Fuels 02 67 1 02 94 1 02 51 1 02 40 ¢ 02 67
PES 07 25.1 ¢ 0.7 657 ¢ 0.7 814 : 0.7 471 ¢+ 0.7 30.8
oil 045 0 1 036 10 | 034 100 028 0 1 036 0
Gas r0.29 0 ! 052 100 ! 047 64 ' 025 0 ! 032 0
Coal ! 006 8 : 006 70 . 007 77 i 042 100 i 013 85
Nuclear ' 010 100 ' 000 100 ! 007 100 ! 000 100 ! 0.1 100
RES 1010 100 i 004 100 i 004 100 i 005 100 i 008 100
Other ' 000 100 ! 002 100 ! 00l 100 ! 000 100 ! 000 100

S/D Index
MM
90 -
80——————————————————
7068 69 _———
60 -
51
50 1 R
40 —
30 -
20 -
10
0 T T T T T
NL 2020 UK- UK- PL 2020 EU- SP SP-
2020 2020* 2020 2020

*) With 75% import dependency for oil and gas.

Figure C.5 S/D Index for today and 2020, EU-25 and four Member States: old model

C.3.3 Focusing at sub-indices

The overall S/D index value is just one figure that indicates the level of energy security of sup-
ply in the medium and long term. The advantage of the modelling and quantification approach
is that it enables focusing at the sub-indices and sub-scores as well. The next Table C.3 shows
all relevant figures in one view. These cases have largely been reported in Chapter 6 (Sections
6.1 and 6.2) but the import dependencies of the primary energy sources and the fraction of the
imports coming from outside the EU/Norway are presented too in this table. This helps in ex-
plaining and understanding the PES score. Due to the weights of Supply and the PES herein, the
total S/D index is usually largely determined by the PES sub-index. In that sense, the PES sub-
index could be compared to other (long-term) security of supply indicators that often are re-
stricted to the supply of PES only (see e.g., Jansen et al., 2004).

It is important to note that Table C.3 also shows the sub-indices of the branches: Demand, Sup-
ply, Conversion+Transport, and Primary Energy Sources. In this way, comparisons, either inter-
temporal (now and 2020) or between countries can be made at the underlying parts of the en-
ergy system.
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C.3.4 Additional sensitivity analyses on most important weights

The main sources of uncertainty which effects the value of the overall S/D index are the weigh-
ing factors that are based on expert judgment. These importance measures factors have been
quantified and illustrated for two cases in this Appendix C.3.6, in combination with the various
scoring criteria, and based upon a multi-variate sensitivity analysis. For these two
cases/countries, it appeared that the S/D index varied about 10% when the weights varied by +/-
0.1.

The main overall important factors are the weighing factors up front in the model, viz. the
weight of supply (w_sup) versus demand (w_dem), and within the supply part, the weight of the
primary energy sources (w_pes) versus conversion and transport (w_ct).

w_sup+w dem=1

W pes+w ct=1

If the other weights at lower sub-branches and the scoring criteria remain unaltered, the impact
of changing the upfront weights can be easily quantified and displayed by changing only the
two weights w_sup and w_pes.

For a more extreme case, the weights for supply and PES have been changed from 0.7 to 0.9
(hence, decreasing demand and C+T weights from 0.3 to 0.1). The results with these weights are
displayed in Table C.4. The overall S/D index value changes in this case. The scores more re-
semble the sub-index value of the Supply/Primary Energy Sources.

Table C.4 Summary of results, with 0.9 instead of 0.7 weights for supply and primary energy
sources (demand and C+T 0.1 instead of 0.3): old model

Netherlands NL- | UK ~ UK- UK- |Poland PL- |EU-25 EU-25-| Spain  SP-

2020 | 2020 2020- : 2020 | 2020 | 2020

| 5% | |

Changed (0.9)  65.2 672 1 899 777 521 i 667 505 | 468 375 | 385 33.6

Default (0.7) 68.3 687 | 775 720 565 ! 652 550 ! 539 49.0 ! 51.1 479

Difference 3.1 15 0 124 58 44 1 15 45 0 72 <114 | -126 -144

[%] -4 2 16 8 8 1 2 8 1 13 23 1 25 30

The (baseline) scenarios reported in (EC, 2003) and (EC, 2004) are outdated to some extent.
Examples of more recent baseline scenarios are those from the Netherlands (ECN/MNP, 2005)
or new insights for future energy situation of the United Kingdom (DTI, 2006). Some general
notions on assumptions and data requirements for quantifying the S/D index for future energy
systems are described in Section B.2.

The results of these other scenario studies give an indication of both the effect of using another
scenario - quite different in some respect compared to the old baseline and of effects on the long
term (2040 in the Dutch case). In particular, noteworthy effects are visible with respect to the
fuel mix of the electricity production (increasing role of renewables or coal at the expense of
natural gas), and the import dependency of natural gas and oil.

96 ECN-E--07-004/CIEP



C.4 More recent baseline scenarios NL and UK

The Netherlands - Global Economy scenario - 2020 and 2040

The Reference Projections Energy and Emissions 2005-2020 (ECN/MNP, 2005) are the most
recent baseline scenarios for the Netherlands. It concerns two scenarios, Global Economy (GE)
and Strong Europe (SE), which differ mainly with respect to future economic growth (and hence
future energy demand) and to post-Kyoto climate policy. These scenarios are ‘policy free’, so
based on existing policies and instruments as of 2004. An assumption in the GE scenario is that
the global and EU climate policy ends after 2020 (CO, price of 0), while in the SE scenario
more stringent climate policy will emerge with CO, price levels of more than 80 €/ton in 2040.

A further expansion of these and two other scenarios to the very long term (2040) has just been
finalised (CPB/MNP/RPB, 2006; ECN, 2006). ECN was responsible for the theme ‘Energy’ in
those scenarios.

The Global Economy is a scenario with a relatively high economic growth and hence a rela-
tively increase in energy demand is the scenario which is currently the reference scenario for
energy and climate policy making in the Netherlands.

The results for the three cases are presented in Table C.5 and in Figure C.3. The S/D index is
only slightly less in 2020 compared to the old baseline. The decrease is mainly caused by a
worse score on PES, despite a higher share of coal and lower share of gas. If the minimum score
for coal would be 100, similar as for nuclear, the PES score would be 63.7 instead of 59.5. In
that case, the baseline PES score would be 67.5 (instead of 65.7). The overall S/D score would
then be 69.6 compared to 68.7 for the NL baseline 2020. Changes in PES scores propagate with
a factor 0.49 (=0.7 x 0.7) in the total S/D index.

Note that the share of imported oil coming from outside EU or Norway has been assumed to be
equal to the 2003 value (63%, with crude oil assumed to be a proxy for all oil i.e. crude oil and
oil products).

The demand score remains equal, while the C+T score improves somewhat due to a higher
share of CHP (35% in GE-2020, 21% in NL 2020 baseline). It is important to note that the
scores on Industry, Tertiary and Transport have been assumed equal to the baseline case. Only
the relative shares have been changed. The same holds for these demand sectors in 2040.

In GE-2040 the S/D index is 10 points less than in GE-2020. The main cause is that the Nether-
lands becomes a net importer of gas and hence more dependent of gas imports (42% depend-
ency), which are assumed to originate for 50% outside the EU and Norway. Moreover, the share
of oil (with 100% import dependency) increases. As a result the PES sub-index value drops al-
most 20 points, from 60 to 42.
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Table C.5 S/D index for the Netherlands, 2020 and 2040, impact of other scenarios: old model

NL-2020 NL-GE-2020 NL-GE-2040
(Baseline from (EC, 2003) (ECN, 2006) (ECN, 2006)
S/D index 68.7 66.7 571
Demand 0.3 57.7 0.3 57.7 0.3 56.9
Industry 0.24 44 0.29 44 0.32 44
Residential 0.21 51 0.20 55 0.19 51
Tertiary 0.24 54 0.21 54 0.19 54
Transport 0.31 75 0.30 75 0.31 75
Supply 0.7 73.5 0.7 70.6 0.7 57.2
C+T 0.3 91.5 0.3 96.4 0.3 93.3
Electricity 0.3 100 0.3 92 0.3 81
Heat 0.5 85 0.5 100 0.5 100
Tr. Fuels 0.2 94 0.2 94 0.2 94
PES 0.7 65.7 0.7 59.5 0.7 41.7
Oil 0.36 10 0.39 10 0.43 10
Gas 0.52 100 0.38 100 0.32 58
Coal 0.06 70 0.14 70 0.21 70
Nuclear 0.00 100 0.01 100 0.00 100
Ren. ES 0.04 100 0.06 84 0.02 92
Other 0.02 100 0.02 100 0.03 100

Import dep. Non-EU Import dep. Non-EU Import dep. Non-EU

Oil 1.00 0.63 0.98 0.63 1.00 0.63
Gas 0.00 0.00 0.00 0.00 0.41 0.50
Coal 1.00 1.00 1.00
Nuclear 1.00 1.00 1.00
Ren. ES 0.00 0.52 0.26
Other 0.00 0.00 0.00

Notes:

1)  The changes for the GE scenario in 2020 compared to the old baseline are marked in izalic.
2)  The changes for the GE scenario in 2040 compared to GE 2020 are underlined.
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Figure C.6  S/D Index the Netherlands, another future scenario (GE) and sensitivity on coal
criterion (coal 100): old model

The United Kingdom - In 2020 import dependencies of 75%

The decline of its indigenous energy supplies (oil and gas) makes the energy security of supply
a major issue in the UK (DTI, 2006). The security of supply issue is one of the main reasons for
the recent plea for new nuclear power plants in the UK. In (FCO, 2004) it is stated: “It is likely
that the UK will become a net importer of gas annually by around 2006 and of oil by around
2010. By 2020, the UK is expected to be importing around 75% of its primary energy needs.”
So, this is quite different from the old UK baseline reported in (EC, 2003) in which the UK was
still a net exporter of oil in 2020 and the import dependency for gas was only 36%. For nuclear
fuel the import dependency was 76%.

As sensitivity to the UK-2020 baseline case, the following assumptions have therefore been

made:

1. The import dependency for oil and gas is 75% in 2020, instead of 0% and 36%, respec-
tively.

2. All other parameters have been based on and are equal to the original UK-2020 case, e.g.
from the imported gas, 50% is assumed to come from outside the EU or Norway. In 2003,
the natural gas imports came from Belgium (17%) and Norway (83%).

These changes effect the PES sub-index value that drops from 81 to 50 (c.f. Table C.2, column
UK). As a result the total S/D Index value then drops from 72 to 56.5.
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C.4.1 Sensitivity analysis'”’

As has been indicated in Section 5.2, the S/D Index Model uses parameters that have to be de-

termined by expert judgement. Using the previous ‘2006’ version of the S/D Index model and

associated parameter values, multi-variate sensitivity analysis was used to investigate the impact

of changes in these more subjective parameters for the S/D indices of today’s energy supply se-

curity for The Netherlands and United Kingdom. Assuming uniform intervals for expert judge-

ment the parameters for weights and criteria in the scoring rules were varied:

e Weights have been raised and reduced with 0.1.

e Benchmark criteria for energy intensities were changed +/- 20%.

e Parameters in scoring rules for determining sub-index values have been changed between
-3% and +10%.

The number of parameters varied in this way amount to almost 30.

The uncertainty range for the S/D index for The Netherlands and the United Kingdom has a
bandwidth of +/- 7 points, i.e. a range of about +/- 10%. The analysis gave also insight in the
relative contributions of different aspects to this uncertainty. Figure C.4 shows the correlations
between the most important varied parameters and the S/D index. The parameters with the high-
est correlations are the most important ones. It should be noted that some weights do not appear
graphically in Figure 5.2 although they are important. This applies to some of the weights that
sum up to 1 in combination with other weights. E.g. the weight for PES (w_pes) is equal to ‘1 -
w_ctt’, so w_pes is dependent of the weight for conversion and transport, w_c+t. The w_c+t
parameter has been varied and with the use of the relationship ‘w_pes = 1 - w_c+t * the PES
weight parameter is varied accordingly. For both The Netherlands and United Kingdom the fac-
tors that had the highest impact were the weights between energy conversion and transport (0.3)
versus primary energy sources (0.7) and the benchmark values for final energy intensities. Other
relatively important factors were for The Netherlands the criterion for oil and for the UK the
CHP criterion.

For discussions in the conceptual phase on the quantification of the model parameters (see Sec-
tion 3) it is important to note that when a specific country has a low sub-index score the choice
for the corresponding attribute is of particular importance for that country. In this phase there
are all sorts of risks of strategic behaviour by Member States. The quality of the negotiating
process in this phase could be further enhanced when the various vulnerabilities would be made
more explicit. Sensitivity analyses could therefore be an important element during conception
and negotiation. Preceding sections in this Appendix C presented additional sensitivity analyses.

7" This Appendix part was Section 5.3 in the previous report ECN-C-06-039 (Scheepers et al., 2006).
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Figure C.7 Sensitivity analysis for United Kingdom (top) and The Netherlands (bottom): old
model
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