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THE ENERGY SERVICES
DIMENSION OF ENERGY

SECURITY

Jaap C. Jansen and Adriaan J. Van der Welle

The world energy suppiy-dematad system has all the ingredients in the making for a lasting
security of supply problem for hulrmnkind. This is poised to bting about a key policy challenge, in
the lnedium and long term if not in the short teml.

WortiSOl~te global trends are unfolding with regard to factors determining the long-tmwn cost of
energy use. These suggest that the broader issue of supply security deserves urgent and persistent
attention by policymakers. Virtually all energy supply chains for both fossil fuels and non fossil
fuels are facing huge supply litNtations. Supply limitatiotls do not only apply to fussil fuels but also
to minerals, resulting in adverse impacts fur a range of renewable and energy storage teclmologies
(HCSS, 2009; USGS, 2010). Offidal projection providers such as the hrternational Energy Agency
(lEA) and US Energy I~furmation Administration (EIA), tend to project roughly a 45 percent
higher world primary energy use by 2030 than current use (approximately 500 exajoules,
i.e. 5 x 102° joules) and a near doublhag by year 2050. Several energy policy analysts (e.g., Turner,
2008; Motiarty and Honnery, 2009; Nel and Cooper, 2009; P-.utledge, 2009) question the feasibility
of these mainly demand-dtiven energy supply projections.

The seriousness of limitations to global primary energy use, if true, may provide some comfor~
to climate change concerns. For instance, the potential for strongly increasing GHG emission from
coal combustion seems, typically, to be strongly ovm~cated as seems to be the case with global coal
reseiwes (Rutledge, 2009; Kavalov and Peteves, 2007; EWG, 2007; Tat and Li, 2007).Yet in the
absence of strong and enduring effective policy responses, these limitations are poised to be
reflected by a steepIy upward long-t eirn ~rend in fossil fuel and electricity prices, along with rising
ptice volatility and more fiequent physical supply disruptions.

In iow- and medium-income countries, security of supply (SOS) tends to be assigl~ed quite a
high ptiority on ti~e national energy policy agenda. To date, the energy policy issue topping the
agenda of policymakers in most OECD countries is "chmate cliange," while ha emerging
economies the issue is also contemplated closely, althouglx so far allusions to hard commitsnents
are prudently avoided. In OECD countries "energy security" is currently also ranking hlgla on the
ptiotitylist, whilst certainly in the developing countries, partictilarly those poorly endowed with fossil
fuels, "energy security" is considered important. The latter policy issue tends to go in cycle~
typically short-lasting--given prime attentim~ by policymakers in the wake of sudden price
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spikes in the world oil market or (threats o~ market intmwention and physical supply disruption of
oil or natural gas by major exponing counnies. Cases in point are the US$147 per barrel oil price
spike in the smmner of 2008 ~md the disruption in Kusslar~ gas supplies to the EU through the
Drushba gas pipeline in January 2009.

This chapter is structured as follows. Section 2 h’~troduces the concepts of energy security and energy
smMces security. A theoretical f~amework for amalys£ o£energy services securiW (ESS) is presented ha
Section 3. A simple appldcafion of this ffmnework, focusing on the delivery of elecnic energy end-use
service, is expl~led in Section 4, and some major policy-oriented conclusions are drawn in Section 5.

Energy security versus energy services security

An oft-adopted definition of"energy insecurity" is "the loss ofwdfare that may occur as a result of
a change in price or availability of energy" (Bohi and Toman, 1996).1 This definition considers the
econol~dc impacts of energy insecurity. According to tt~s definition, a slmation of extreme energy
security would be characterized by unintmrapted supply of"energy"--that is, fue! (derivatives)
a~d electridty--at competitive prices.

Another approach considers the policy perspectives of energy security. It aims at a secure
energy supply system meeting some key requirements. For example, APERC proposes an energy
supply system should achieve (APERC, 2007):

1. Availability (depletion, inadequate upstream and midstream investments, etc.).
2. Acrassibility (restrictions imposed by governments of fuel-exponing countries, exercise of

market power, exposure of furl supply chain components to disruptive events including
weather-related ones, technical failures, human eta’ors, or acts oftma-orism or war, etc.).

3. Affordability (cost per unit of energy to end-users--broken down by the main components of
fuel supply chains--might compromise societal security).

4. Acceptability (environmental concerns and sodal/cultm-al barriers hampering supply because
of negarive perceptious among the population).

The issue label "energy security" misses a fundamental point: energy is typica]Iy not in shor~
supply. Rather, it is useful energ!~, not energy per se, that is in shot~ supply.2 Walt Patterson refers to
~hc Fin~ Law of Them~odynamics which implies that no single3 oule ot energy gets lost (Patterson,
2007). By implication, nobody produces or consumes energy. Given these observations, energy
security strictly speaking is a non-issue.

This seems ~fivia! but it is no~. Patterson observes that an-diient energy is, by and large, plentiful
across the earth: ahnost evewwhere existing in orders ofmag*fimde above cm~ent needs for useful
energy. Ambient energy includes sources such as wind power, solar energy, river flow, and marine
energy. In principle, ambient energy can be used dh’ectiy, convm~ced into electricity or into a
stored form of energy. The abundance of energy around the world is further enhanced, if rather
poorly dispersed globally, by natural resources that embody stored energy such as uranium, coal,
natural gas, off, biomass, and geothermal. At the same time, worldwide expanding conurbations of
mega-cities pose fucal challenges for adeqt~ate access to ambient energy sources.

This brings in the direct connection of supply security issues with energy servkes. Energy services
can be defined as econowdc goods produced hy the dephiyment ofnsefnt energy.3 In ram, useful
energy is obtafued directly fiom ambient energy flows, for example solar heating, or fiom energy
contained in energy careers including electricity. A major focal point of this conversion is the pat~.
of the energy transfen-ed by energy catMers so del~ver usefui energy that does not meet this purpose
(i.e., "energy losses"). Note fut~hmraore that energy services include outputs from non-energy
industml feedsrocks.4
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The energy services dimension

The demand for end use energy selMces generates final energy denmnd. Tl~s, in ram, impacts
activity levels all along the elec~city and fuel supply chains up to pKmsary energy supplies. Table 12. !
provides, for the main energy uses, that is, electficiW generation, transpm% heath~g, and cooling, some
broad avenues for reducing de~mnd for fossil fuels in meeting end use energy serdces.

We propose to use the term energy services security (ESS) instead of energy secufiW as the notio~
that cove*~ the central topic oftkis chapter.5 Hereafter, ESS refers to the extent to which thepopuIation
in a defined area (country or region) can have aoess to affordabll, and competitively prl’ced, e~wirolm~entally
acceptable energy seMces of adequate quality. This defipidon implies an end-use orientation to enable a
genrpnely integrated approach to the muttifaceted ESS issue,

Table 12. i Broad framework of major options for reducing societai dependency on fossil fi~els on longer
tinlescales

Main application Fossil fiM Major options

]Koad vehicles

Switch away from fossil fitals

Power generation Oil & Natural Efficiency standards for generation and 1Kenewables-based

Reduction T&D losses Nuclear power (?)
Demand-side saving
behavioral changes
Fuel/CO= efficiency standardsOil & Gas (CNG,

GTL) & Coal

Demand side saving
behavioral changes
Sustainability-oriented spatial
planning

Train Oil & Goal FueVCO~_ efficiency stat~dards

De~r~nd-side saving
behavioral changes

Sinps, Aircraft Oil FueI/CO2 efficiency standards
Demand-side saving
behavioral changes

tt.esidential N Oil & Natural Efficiency standards for
commercial gas & Coal buildings/heaffmg equipment
heating

Demand-side saviug
behavioral changes

Industrial process Oil & Natural gas Efficiency standards
heat & Coal Good housekeeping

Process changes

(Hybrid) electric-battetT
vehicles
Biofueis
Hydrogen fun cell
vehicles
Modal shift away from
FE e.g. towards b~kes for
short-distance trips
Electrification
Biomass
Modal shift away
from FF
Biofuels
Modal shift away
from FF
Biomass
Electric heating
District heatir~g/btCHP
on green gas
Solar water heaters
Heat pumps (ambienff
aquifetj
Biomass
CHP
Substitutes and structural
demand shifts away from
PF-hatensive materials/
products
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Table i2.1 (contlamed)

Fossil fiM Major options

Demand reduction Switch away from fossi! filels

Industrial feedstock Oi! & Natural gas
& Coal

(Efficiency standards)

Demand-side savkngs

Degl~dable biomass
substitutes (e.g. plastics)
Biocliemicals substitutes
(e.g. biomass4ased
fm~J[izer)
DtZI based on biogas and
elec~citT
Charcoal

Legend:
FF: fossil fuels
CNG: compressed natural gas
GTL: gas-to-liquids
CTL: coal-to-liquids
T&D: transrndssion and distribution
DRI: clirect reduced iron

Theoretical framing

Much recent work on "energy security" focuses on valnerabiIity to supply disruptions of lute>
nationally traded furls, notably oil and natural gas, affecting faei prices and even the outfight
physical availability of f~aels (e.g., Bohi and Toman, 1996; Lef~vre, 2007).6 The main theme in
this approach is on (mitigating) supply-side market power and its adverse impact on economic
welfare in fuel-importing countries. Other analysts also consider the vulnerability to intemation£
trade in fuels for fue!-expor~ing countries, zooming in on the economic aspects of "demand
security" (e.g., A]hajji, 2008) as well as the social and political inspacts, investigating the validity of
the "resom-ce curse" hypothesis (e.g. Karl, ~997 Bannnn ~nd C~!lier, 200~; C~ci!ller, )008)
Analysts considering the politics of ~reventing) disrapfions in international fuel supply chains
exanalne the destabiliffmg impacts on intematinnal political relationships (e.g., M~ller-Kraetmer,
2007; Klare, 2008).

Disruptions and vulnerabilities

1"recently a useful overarching fl-amework has been proposed by Nicolas Let~wre (2010) and a
consoi*iuln of consultants led by Ecofys to map supply disruptions and vulnerabilities, and
at~alyze their effects.Ecofys et al. (2009) define three broad categories of root causes of energy
insecurity: (1) extreme events, (2) inadequate market structures, and (3) resource concen-
tration. Resource depletion is subsumed by the third categm2¢. Table 12.1 illustrates this
categorization.

Historic or potential energy security disruptions and walnerabilities can trigger a chain of
klaock-on effects in distinct stages, each with (potential) net loss of economic welfare. This is
depicted in Figure 12.1. This approach enables a structured identification and analysis of the
impacts of vufaembilities as wall as ~temative policies and measures on energy insecmity, or
rather, as we wot~ld phrase it, energy setwices insecurity.
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Table 12.2 Classification of root causes of energy insecurity

Category Type Brief description

Large scale
accidents
Ac~ of

Strikes

insufficient
investments
ha new capacity
Load balancing
failure m
eIectricity

Supply short falI associated with

and the supply of energy. A recent exainple is the impact of Hun~cane
Kat6na, wtdeh hit the Gulf of Mexico in 2005, disabling a significant
potNon of the US oii and gas production and processing capacity. There

energy security consequences including those which impact on the
demand side (e.g. exceptiona~y cold or hot days) or on the supply side
(e.g. reduced coolhag water availability).

Acts of tetwmqsm agdmst key inffastracmres (e.g. refineries or pipehnes)
or bottlenecks along specific energy trade routes (e.g. the straight of

um’est may specificaliy target the operation of key energy system

Market smacmres which fail to generate timely investments in key

vulnerable and ul(maately genmate energy insecurity.
Because electricity is not storable in any meatfingful volumes system
operator3 must effectively balance supply and demand in real time to
ensure system rehability. The task is challenging and requires that certain
technical characteristics be met. When this is not the case systems

welfare for users.

exploration and production as well as transport of fuels are also

can adversely affect energy syseems.

Source: Adapted from Eco~s et al. (2009), p. 12.

~~I Stagell

~ Stagelll

]+[ StagelVEffect on Knock-on Effects on
sector of effects on demand
supply other sectors | sector
chain of supp y chan r

L

Stage V
welfare
Effects

Figu*~ !2.1 Generic causal mechanisms of energy insecurity: an hnpact in stages approach proposed by
Ecofys et al. (2009), p. 13.
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Resilience as a key concept

Most recent work on energy security fails to consider the resilience of a defined country
(or region) to cope with the impacts of adverse ESS ("energy security") trends and events.
At best, supply-side security-enhancing measures, such as diversification of the fue! mix, foreign
supphers, and international fuel transport routes and modes, are analyzed. Typically, recent
’"energy security" policy research documents may mention some demand-side pohcies and
measures such as energy intensities but with httle fut~:her elaboration. A notable exception is
Scheepers et aL (2007) who explicitiy consider inter alia energy intensity on the demand side.

The magnitude of risks to ESS security is not otfly det mrnined by exposure to vulnerabilities on
the supply side of energy inputs driving the delivery of energy services. The resilience of a
recipient sodety to adverse supply-side vuinerability events/trends winks as a cushion that
dampens the hnpacts of supply-side vulnerability.

Energy services security (ESS) is a more inclusive concept that~ energy security. The timely
perfom~ance and affordability of desired energy smwices at quality levels considered adequate by
the end-users for the end-use applications concerned is not only affected (in a negative way) by all
sor~s of supply side voJnerabilliies. The key poi~at is fuat a broad range of resilience factors that
exercise a stabilizing influence on fue robustness of the energy services delivery system is identified
and thoroughly analyzed as well.

ESS components

Myriad one-event impulses and gradually strengthening or dechning forces exercise a negative or
positive impact on the level of energy sm~¢ices security. In order to bring stractnre to the analysis of
these BSS aspects, we categorize these ESS-change-miriating phenomena into main ESS-content
perspectives, namely ESS dimensions.

Each dhnension consists of main components and, where appropriate, subcomponents, sub
subcomponents, etc., down to the most elementaW dimension attribute level. Components
(subcomponents) are also referred to as main (sub-) themes or aspects. Hence, the dimensions
have a branch structure, each branch being shaped by the disthict dimension components. Where
feasible, we allocate indicators of ESS content atttibutes to dimension (sub-) components. Many
ESS indicators are of a quantim6ve nature, while o~hers are of an ordinal ranking nature wifu
at least two scoring options. We wish to restate that, for each relevant d~ension next to major
ESS-reducing vulnerabilities, major ESS raising system resilience atttibutes need to be identified
to pardy/fi.illy/more than offset these vutnerabilities.

On the one hand, each distinct ESS dimension has to bundle a broad range of related ESS
content aspects. On the other hand, ESS content aspects encompassed by different dimensions
should have no, or at most a fali-ly remote, iogical relationship wifu each other. Furthet~aore, a
clear differentiation among countries (regions) should be possible in ptinciple with respect to their
characteristics regarding each of these ESS dhnensions. Based on these ct-iteria we propose the
following ESS dimensions:

1.Kellabiiity
2.Energy costs
3.Policy framework
4.Public acceptance.

We have refrained fiom introducing environmental li~lpact as an additional dimension. In the
Ttias E~aergetica (competitiveness, security of supply, enviro*amental impact), this dimension is
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covered by another principal energy pohcy domain. Moreover, to the extent that environ-
mental impact is relevant for public acceptance of technologies used in major supply chains
enabling the dehvery of energy set~ices, it is encompassed under the public acceptance
dimension.

ESS contextual attributes

Two principal contextual attributes cross-cut among compotzents of each ESS dhnension, that is,
timescale and location. They do not contribute content attributes as such to the ESS concept. Yet they
provide essential contextual irdormation needed for inteq)refing an indicator of" an ESS content
attribute, The value ofceraain content avdibutes of the ESS issue can ch,’mge substantially, depending
on the rimescaie and the location boundaries that we consider. Key questions in tlris respect are:

Iaor which timescale does the metric provide relevant h~fom~ation on the content attribute
concerned? Shore-term ESS issues as against long term ESS issues may require rather
different policies and measures.
For which jurisdiction does the metric provide relevant information on the content
attribute concerned? This, in turn, is relevant for the ievel at which possible public
interventions should be considered.

The 6mescale for which energy smMces securityis contemplatedis quite relevant. Typically, for very
short-term time horizons, disruprim~s in physical availability of energy services and sudden price
spikes attract key at*enrion by private stakeholders and the pubhc sector alike. For long-term tinle
flames the risks of stmcmraIly rising fuel and electricity prices and increasing price vdatility are key
ESS concerns. The reliability or physical availability of energy sources to dnve energy serwces is the
prime concern in near-tern1 rime flames. This is exemplNed by the need for second-to-second
balancing of supply and demand by power systems and the need for rehable gas supply h~ cold winter
days in, for example, many European countries where space heating is predolronantly gas-based.

Most economics actors are driven by myopic time-bounded behavior. To counteract tlzds serious
externality of myopic time-bounded rationality, guidance by policymakers to foster 1on.term
ESS would seem to be of key importance.

Three localization aspects trESS problems can be discerned relative to the location where the
energy services concerned are (to be) provided, lnirst, the "control area," withka which jurisdiction
the energy services concerned are to be dehvered, is of relevance. Second, the location of hi, pacts
of an ESS-disrupttye phenomenon along the relevant supply chains of energy services is impor-
tant. We note that the relevant (market) area for cm~ain ESS aspects, for example the price of off, is
the whole world. Alternatively, widrin power systems proper, the areas in which knock-on
impacts of supply disruptions and vuhaerabflities can propagate are more regionalized, that is,
die synchroinzed power areas that can cover several countries and the controi areas of distinct
system operators are of relevance to that effect.

The third aspect regards the localization o£ the impacts of an ESS change-initiating factor.
A good understanding of the local conditions at each successive impact area contributes impor
tanfly to the analysis of ESS. Detailed analysis of each key component/node of the main supply
chains that enable the performance tea celxain categmy of end-use service is essential for a good
understandh~g of the risk and resilience factors afthcdng ESS for the categmT of energy services
considered. Supply chain components/nodes are not necessarily cross-cutting across all ESS
dimensions. Hence, consideration should be given to including maportant supply clialn nodes
ha the composition of those ESS dhnensions for which they assume relevance. This might be the
case, notably, for some components of reliability (dimension 1) and energy costs (din~ensinn 2).
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Applying the framework: a fad price disturbance

A simple example might help to demonstrate how the theoretical framework can be applied. We
analyze in a generic wayjust one effect o£a fuelprice disturbance, that is, the knock-on price effect
upol~ the cost of an end-use energy service along the supply chain ofa (secondaty) final energy canfur.

The fuel suppiy chain destined £or end-use energy services delivered by the electricity supply
sector can be structured in a generic fashion as ~-otlows (in backward supply cha~m directiot~):

demand for an dectricity end-use energy service;
electricity demand by end-use appliances;
demand for distribution network and ancillaW system services;
demand for tran~fissinn network and ancillary system services;
demand foe electricity generation services;
electricity generation;
transport chain of input energy carders to electricity generation plants;
(app~cable for secondary energy carriers on!y) PES-SEC conversion plants; transformation
of primary energy source (PES; primary fuel) into the secondary energy carrier (SEC)
considered used as an input fuel by the power supply sector;
transport chains of PES (embarkation, haulage, disembarkation), with elaboratio~ of routes
and modes (e.g. LNG, piped natural gas);
production or import of the primary energy source (PES).

The second ESS dimension distinguished in the theoretic£ fiamework introduced in the preceding
section is energy cost. Several ESS aspects can be categorized as components shaping this
dm~ension. One of these aspects is price escalation. The cost/price change ofa prinmry furl, for example
natural gas, is transmitted to the cost of an electrical energy service, as shown in Table 12.3.

Table 12.3 Generic analysisscheme fordeten~ningtheimpact of(changesin) the unit value (m~tcost;ptice)
of a prknary ene~g~ source on the cost of an end-~se enc~g~ service, allowing fo~ the va~ous
supply chain components

EnergT smwice (ES) Description
Unit: Dimensim~ A (2)
Unit value: ~2009 (3)
End-use appliat~ce Description (4)

U~t: Dimension B (6)
Unit v~ue: ~009 (7)

Cost of FEC input ~009 (9) - (8) * (7)

Ener~ convm~ion plant Description (i1)

Pfimau eneNy source (PES) Desc~ption (13)

Unit value: ~009 (15)

Cos~ ofPES h~ cost FEC input ~009 (17) - (16) * (]5)

Cost share ofPES i~ ES % (19) - (18) ~ (10) / 100%
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Note that, in principle, the main supply chains can include supply chains for non-energy inputs,
for example steel or metal~c minerals, and even non-material inputs. Non-energy consmtints may
£so create huge challenges to ESS. Just some examples are: sldlled manpower ih~itatiom to operate
tlie electi~city n~ansmission and distribution networks or to operate nuclear energy cycle faci~ties;
shmtages of &y-bulk confers to ttanspot’t ha~d coat; shortages on the steel mgarket to produce
various types of power plants, includfug nuclear power plants and wind tm-bines; shot~-ages of
copper affecting notably T&D neV~vorks, wind turbines, and solar photovohaic equipment;
shortage ofplatkmm to produce fue! ceils; shot*ages o£Iitbdum to produce lithmmqon batteries, etc.

The above scheme enables the analysis, in a structm-ed way and in a backward chain direction,
of how the demand for a mot of end-use energy service ultimately depends on the delivery of a
certain volume ofprhnaly fuel Analyzing the upstream dimension of the supply chain, for each of
the services needed it can be considered if efficiency, divm3ification, and/or substitution improve
ments can be realized. Ultimately, the relationship between the incremental demand for the on&use
energy service and the standard requirement for the ptimatT fuel considered can be established. In
turn, tl’ds paves the way to establish the impact of a change in ifie price of the fuel on the dehvery cost
of one unit of the end~use service considered. But it also pemfits tlie gauging of the ~pact of
efficiency improvements regarding intemaediatT supply chain smMces on, for example, the impot~
dependence for the fuel concerned.

Why should energy services be taken as a point of departure?

This chapter has introdt~ced a theorefica! framework for energy-related supply security issues that
takes energy services as a point ofdepar;ure. This diverges fiom the conventional approach which
departs fiom pre-set dernm~d-driven scenarios. Key pa~vm~eter values of such scenarios, such as given
(high) rotes of economic gaowth, are fed into complex but l~ghly stylized economy-enmgy-
envirom~mntaI models, wliich are specified on the basis of observed reladonskips, including
tecfumlogical progress captured by observed technology learning rates. Next the model provides
the required supply of fuels and secondary energy camel~, including, importantly, power and,
ti~ turn, the investmem needs for the dissect enm’gy subsectors to ensure adequaW of supply,
including certain lifi2tilntIln redundancy standards.

To ensure "energy security," most policymakers tend to content themselves by and large with
two major activities. These are: (1) standard energy infrastructure plam~ig and plan realization,
and (2) diversification of fuel sourcing and fuel transpore rou@~g to hedge against resource
concentration as their main supply security concerns. In other words, they tend to ain~ to enable
citizens and other private actors witttin their jurisdictions to enjoy pre set ga-owth in material
prosperity without having to assume any responsibility that the energy requirements wil!~ be
matched by adequate supply. Wliere required, the invisible hand of the price mechanism guides
private actors towards making their pa~: of the infiastructa~ral invesmaents required.

We posit that the passive, demand-driven, top down energy systems plannfug and operational
management paradigm is in urgent need of replacement. Energy systems plam~ing and operation is
to become a shared responsibility of all actors ~*sing energy supply systems, including notabiy tl~e
beneficiaries of end-use energy smMces. This is to be enabled by reguIatory and contractual
frameworks making tlie tt~ae tone- and location-differentiated cost of all maj or elements of the
energy supply systeln transparent. Tiffs applies to energy end-use setazices, energy system services
all along tlie supply chain, and, iast but not least, energy resomces transparent to the maximum
extent possible. Flexibility and responsiveness on the demand side are key to robing the resilience
of a country to actual and potential vulnerabllities to energy services security. Improved
market functioning with transparent price discoveW signals and inaproved and timely public
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disclosure o£ relevant market info13nation are key strategy components to raising a demm~d
response. Raising awareness among end users of the resource intensity and environmental
footprint of the choices they make to use their discretional purchasing power is relevant as well.
Tlris will help to a!~iculate social preferences in the way of appreciably less resource intensive
portfolios of energy smMces.

It is evident that raising the level o£ prosperi~ and productive employment is receiving top
priority by governments tKroughout the world, including in particular the emerging Asian
economies. Doing so proactively over a long-term time horizon, warra~lts integration o£ iong-
tm3m energy smMces secm~ty and environmental sustainabflity concerns into al] other policy
domains. This holds true all the more so, as choices regarding investments in buiidings, public
infrastracture, and spatial planning tend to be characterized by veW !ong capital turnover pe*:~ods
with strong lock-in effects regarding patterns of’energy and material use over long periods al~ead.
High resilience to vulnerabitides regarding energy serdces security and envirormmntal integrity
cannot be ackleved without the active engagement of the general public. An energy services
security approach, rather than a predominantly supply-side-oriented energy security approach,
will help to make this happen.

Notes
1 This section is based o~ Jansen and Seebregts (2010).
2 A major point in case is that tecl-mology for the conversion of many kfllds of ambient energy is still

lacld~lg coiranercial, and in certain instances even tech~cal, nlatufity.
3 Gary Kenda]I defines an energy service as a useful output of an energy input (Kendall, 2008: 153).
4 The energy resources to meet this category of energy setwices are also part of the supply security

equation. Hence, energy policy legislation neglecting this category e.g. the newly adopted EU
directive on renewable energy sourcesweakens the coherence between different domains of energy
pohcy.

5 See also Jansen and Seebregts, 2010.
6 TNs section is based on Jansen 2009.
7 This also holds for tile contract based segment of the natural gas markets. Such contz~cts are usually

indexed on oil product price benchmarks or on benchmark prices of spot markets fur natural gas. In
north-west Europe a trend appears to be emergi~ag towards a sl~t’t away fi’om oil based pricing
("gas-to-gas" competition: see e.g Stem, 2009).
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