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Introduction

Introduction

U TheREACCE$&®ject

A 3 TIMES Models

A The risk parameter
U The followup phase

A Structure update

A Growth/Decay coefficients

A Risk evaluation

A Georeferenced interfaces

U Further Applications
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REACCESS

REA (E DS
Riskof EnergyAvailability: CommonGorridors forEurope Supply Security, carried
out under the 7th FrameworRrogrammgFP7j of the European Commission

Thegoal of the REACCHB§ectwas
U toanalysethe securityof energy supply in the European Union

U to build toolssuitable forEUenergyimport scenario analyses, able to take
Into account at the saméme
Atechnical
Aeconomic and
Aenvironmental

\V

aspectsof the mainpresent and futureenergycorridors(captive or open
sea), for all energy commodities and infrastructures.
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REACCESS

Commodities Infrastructures
U Crude oll U Pipelines
U Natural gasand LNG U Ships

U Refined petroleum products (RPP}i Railways

0 Coal U Cables

U Nuclear fuel

U Biomass

U Electricity from CSP

U Hydrogen
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REACCESS Model
U TheREACCESS modafd-linksthree optimization TIMES models:
1) the Pan European TIMES mulgional modelRET3%

2) the global multiregional TIMES Integrated Assessment Model
(TIAM_World

3)the REACCESS CORridor maRECOR

U TheREACCESS model is a large partial equilibrium model of the global ene
system. It representS1regions

1) the 36 countries oPET36

2) the 15 regions of TIAM_World remaining after tharope regions
eliminated
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PET Model

U ThePan European TIMEBETnulti-regional model has been developed in
the framework of different EU projects such as

ANEEDS®FP6 Integrated Project on New Energy Externalities)
ARES202(focusedon renewable policyptions)

AREALISEGR(BP7 a projectfor promoting an optimal development of the
European transmational transmission griohfrastructure)

AREACCESS

U The PET Model version usedREACCESS descritheswhole energy system
of 36 European Countries

Athe 28 EU Member States
Alceland, Norway, Switzerland
Athe other Balkarcountries
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REACCESSIAM

TIAM Model

U The multiregionalTIMES Integrated Assessment Mod&lAM) Model has
been developed in 2004 and used for several analyses and projects

U TheTIAMModel version used in the REACCESS project describes the whol
energy system adll the world, divided intd 6 regiongmacro-areas:

AAfrica AMiddle East

AAustraliac New Zealand AMexico

ACentral Asia and Caucasus AOther Developing Asia
ACanada AOther East Europe
AChina ARussia

ACentral and South America ASouth Korea

AEurope AUnited States of America
Alndia

AJapan
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REACCESRECOR

RECOR Model

U The TIMES REACCESS CORridor R&f&DRepresents in detail

A the status
A possible future developments

of the energy corridordoringing energy from suppliers to consumers

It valorises thespatial characteristic®f the routes, in addition to
the technological, economical and environmerdaks

U RECOR represerd the corridors of the database (DB&hd uses all the
technicaleconomic and geographical information of the DBT
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Oy SNHE AYFTN)I A&UNHZOGdzNB&E O0OADPSP 2Af |y
described as a chain of processes linking an exporting region to the energy sys
of a demand region

Energy Corridors Infrastructure
Commodi ' ...) Flow
Supply N | ] Demand
Region Region

Intermediate Regions
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U 9F OK O2NNAR2NJ Oy ONRAaa RAFTFSNBYI
chain of processes can include both:

a) Intraregionalprocessesprocesses belonging to the energy system of a
country

b) Interregionalprocessesprocesses describing the energy trade between
two regions

U Furthermore, each corridor can describe:

a) 9EGUN) OGA2Yy CAStRa&a ™ wSaz2dz2NDSa
b) Primary Production

c) Secondary Productiorii(, LNG liquefaction plants)

d) Ports

e) Other Transformation Plants (LNG regasification plants, refineries)
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U Both present anduture planned/possible corridors are taken ind@count
Theyare either

a) Captive:
aseries of branchesf pipelines, an electric overhead or submarine line, a
NI Afgleé O2yySOUA2Y b ySUGg2N] 2F ¢
Wheneverpossible, pipelines are grouped by main naifrie:

G¢NFya ! RNAIFOAODwuzthadSt AySeé 6¢!t 0Z
. N2PGKSNK22RE GENFyalfLAYS tALSE
a{ 2dzi K { GNBI Y¢ ®Adrig

X X
\ )\ l
| |

For Natural Gas For CrudeOil

b) Open Sea:
singleconnectionsfrom one port(exporting) toanotherport (importing)
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REACCESRECOR

U ¢KS O2RS aeausSy FR2LWSR T2NJ SI OK 1
a corridor allows the fulraceability of an energy flow, from the extraction
field to the supply point. For instance:

NGPIPO4Sl_Feed NG PIP 045 (@ Rl ?Sl NGPIPO41_Feed
= > >— T 5 - > — >
P / \ ~ Origin
Commodity / \ identifier
Type of Progressive # of
infrastructure segment

Corridor main
code
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REACCESRECOR

U If a single branch carries a commodity having two or naofiferent origins,
two kind of processes are used:

a) CommodityProcesses:one process for each origin; it represents the
topological link necessary for the traceability

b) Infrastructure Process:a single process for each branch; it describe the
Infrastructure and it is characterized by the its
technicaleconomical parameters (capacity,
AYy@SaiaySyad Oz2ads hga O:
Input or output commodities

A constraintis used in order to link the total activity carried by the commodit
processes to the capacity of the infrastructure process:

8
6 00O QU VAR O W QO W
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NGPIPO4501RUSl_Fe§/ NG PIP 0 45_01_RU@\IGPIPO4502RUSl_Fe£d

NGPIP04501RUS2_Fqge

S NG_PIP_O45_01_RUS|2 \IGPIPO4502RUSZ_Fe£d

NGPIPO4501RU83_FEE NG_PIP_O45_01_RUS|3 \IGPIPO4502RU53_Fe£d

\ /<\ Commodity Processgs
@

Constraint Activit
Activities- Capacity Y
[ NG_PIP_045 01 ]\ Infrastructure Procesg
@

Capacity, Costs
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REACCE&RISK

Socioeconomic Risk Factors

U Socioeconomic risk factors takes into account all the

Asocial,
Apolitical and
Aeconomic

variables that influence the reliability of the exporting and transit countries; |
the REACCESS project this kind of risk has been analyseousitigy level

U Socioeconomic energy risknet directly observablan the real world, but we
can observe a wide range of related variables that can aid the understandin
of how energy risk is formed

In order to evaluate theverall risk indexfor each country, in the REACCESS
project a statistical technique known &actor Analysi®ias been used

DG ETSAP WorksheBeijing 15
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REACCE&RISK

U Itis assumed that the global country potential risk is the combination of 4
main riskvectors

a) Social _
b) Political the overallfactor is evaluated aa

c) Economic [~ > | meanof the 4 factors (previously
rescaled by using aI00 range)

d) Energetic
Illustration 3: Factor Scores, Indexes and Overall Risk Computation
FINAL RESULT: FACTOR SCORES COMPUTATION | F rom 5 ’ 4
|
v ¥
SOCIAL ENERGY POLITICAL ECONOMIC
RISK RISK RISK RISK
Factor Score Factor Score Factor Score Factor Score
A L
SOCIAL ENERGY POLITICAL ECONOMIC P | e
RISK RISK RISK RISK TO 79 . 4 ‘h/'-"'
0-100 Index 0-100 Index 0-100 Index 0-100 Index / (,;f»/
| | L S
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Implementation - Original

Theoriginalimplementation of the risk parameter in the REACCESS proje
Ayod2t 9Sa || YSUK2R2{ 29D BINE QB RNENEK
three steps:

1) A minimization the total system cost
2) A minimization of the risk value, with a constraint on the total system co
"YE olcxdi ouxEA O (p | )IJYE Ol OXEE O
GKSNBE h Aa | afidzR%) of S LISNOSy G 3
3) A minimization of the total system cost, with a constraint on the risk valt
YQOUBIoOoQ (p 1)¥QOHa o6 Q
g K S N&a suitablgpercentage f(i., 1%)
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REACCERFOLLOWIP

REACCE®T he Followup phase

U During thefollow-up phaseof the project,arevision of the model involving
both structural and numerical adjustments has bgenformed

GOAL: Update the assembledhodeland let it be more useful for
future developments and also for applications to A6aropean
contexts

In particular, the main changes are related to:

A Structure anctalibration

A Introduction ofgrowth/decay coefficients
A Riskevaluation

A Georeferencedinterfaces

DG ETSAP WorksheBeijing 18



ICOD; POLITECNICO
e 2\ | DITORINO
vy 2

REACCERFOLLOWIP

1. Structure update and calibration

U Asthe international panorama on energy infrastructures is continuously
changing

Aafull amendment othe existingcorridors and

Athe redefinition of someplannedpossible future infrastructures (regarding
route, technicatleconomicaleatures, etc)

have been performed (especially for natural gas pipelines ft@spian region
and Russia to Southern and Western Europeamtries)

U Thebase year adopted IREACCESS was 2005

afull recalibration of the energy imports by country in the milestone year
2010, for eachcommodity andeach modetegion, haseenimplemented

DG ETSAP WorksheBeijing 19
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REACCERFOLLOWIP

1. Structure update and calibration

U Byusing dfix type constraint, the total amount of the activity delivered by
energy corridorg demandcountry bydemandcountry¢ is bound to
statistical data on interregional commoditades. Theelationshipfor this
constraint is

0 WO QU Rdred OGN £ 1 Prp

where

f commodity

C corridor

r model region
S supply country

Activity  activitydelivered tor by Cstartingfrom s
Import  statisticalvalue of the import of inr from sinthe m.y. 2010

DG ETSAP WorksheBeijing 20
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REACCERFOLLOWIP

2. Growth/Decay coefficients

U Annual G/D coefficients for the main commodities delivered by energy
corridors, foreach supply brancland for eachextraction field have been
introduced, thus allowing a maximum range of variation in order to

A avoid unreasonablescillationin the supply trends

A better simulatethe supply composition of each demand region

A describe the evolution of energy imports for all the countries, taking into
accountpotential stiffnessderiving from supply contracts or specific import
policies

DG ETSAP WorksheBeijing 21
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REACCERFOLLOWIP

2. Growth/Decay coefficients

U The relationships that describe the growth and decay constraint are
(Ol £€00Q) ¢ QTBAO QL QYD Oi GHQH QEL O QD QO ®
QOO WHE QTNDO QU Q@O QL QO W

where:

GrowthCoeff growth coefficient
DecayCoeff decay coefficient

StartingValueinitial activity value; e.g. i\ctivity, , is equal to zero, ithe m.y.
t the Activity, can be less than or equal the Starting Value

TPL time period length of the milestone yeéar

DG ETSAP WorksheBeijing 22
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3. The risk evaluation

U During thefollow-up of the project, 2 riskndicatorsand6 commaoditiesvere
introducedin order to allow aralternativeapproach to riskevaluation

1) Risk Probability of Failure

A For each supply process, a risk parameiskc Probability of
Failure) is evaluated as a composition of the risk indicators that can
Interpreted as the likelihood that a corridor crossing a country will fai
F.1, in the case of 3 crossed countries, the risk value is

YR ptdp (P Yipmmp Yjipmmp Y]p R

where: R(1=1,2,3) ighe Overall Risk Index of the traversealintry

M 0KS LINRPOIFOATAGE 2F &adz00Saa 2
probabilities of success of the 3 crossed countries, assumed
iIndependent

DG ETSAP WorksheBeijing 23
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3. The risk evaluation
A 3 additional commodities are introduced:
a) RiskPoHor each supply branch of the corridor C, it is obtained by
multiplying R .y thedelivered activity
YQi Q0 EYQ D 0o QU QO W
b) TotPoFRiskt is defined, for each demand region, as the sum of al
the RiskPolvalues for a region

c) TotPoFRIskEULt is defined for the 2&U Member States ands
TotPoFRiskt is the sum o#ll RiskPoF values
for each of the 28 Eldountries

A Constraints orthesecommoditiescanbe imposed in order to perform
scenaricanalyses

DG ETSAP WorksheBeijing 24
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REACCERFOLLOWIP

3. The risk evaluation

2) Risk Average

DG

A This approach is based on the introductioraeisk indicator, specific

for each energgorridor, that is defineds the average value of the
Overall Risk Indexes of all the countries crossea bgyrridor.F.i, fora
corridor crossing} countriesthis indicator is

Y r pT[ﬁ(j ) (1o )y o) g )l

A As for the RiskPoF 3additional commodities aratroduced:

a) RiskAverage'Y Qi Q6 0 Qi'YxQQ D w0 Q0 QO W
b) TotAverageRisk
c) TotAverageRiskEU

ETSAP WorksheBeijing 25
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3. The risk evaluation
3) Risk Source

A In additionto the two above describednethodologiesanother
indicator (R souck @nd 2commodities werentroduced to quantify the
risk relatedto the activity exported through energy corridors for each
supplycountry. R. so.cdS Set equal to the Overall Risk Index of the
region where the feeder branch of the corridOstarts.

The 2 additionatommoditiesare:

RiskSourcat is obtainedc for the feeder branch of the corriddc by
multiplying R- 5o.cdY the activity of the feedeitself

YOI QYEOVYKRQ Do QU QY W

TotSourceRiskt is defined for each supphggion aghe sum of all
RiskSourcealuesthat region

DG ETSAP WorksheBeijing 26
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REACCERFOLLOWIP

3. The risk evaluation

U All the risk commodities are implemented a€& emissioncommodity

A risk reductionpolicy scenariogan be defined and introduced in the model
by using the same method as for pollutant emissions reduction

A scenario runs for the reduction of total C@missions or of the risk value in

a single countryor in agroup of countrieqf.i., the EU) can be performed.
F.i, the reduction of the total risk average value by a percentagea

regionr and in a milestone yedrcan be implemented through a fix type
constraint:

YE0 'OYTIYE O 6 0 QI QI VIO
T%LO"O“% p
O YO, | JYEOOU QI &xRQAYQI O
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GIS INTERFACES

REACCES&S>eoreferencedinterfaces

Spatial dimensiorof energy corridors

Georeferencedrepresentation. GIS tools

DWGA PAIVI
Digital Web GIS Application: Program for Analysis and Interface for
Vlisualization:

A Webtool for an online geo A Applicationsoftware to
referenced graphical visualise the results and to
visualisation of the results graphically interact with the

model

DG ETSAP WorksheBeijing 28
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DWGA

DWGA:

U It represents, in a geceferenced way, all the European energy supply
corridorsthat are described in the model database

U It directly imports output files (.txt) of the model

U It can visualise:

o)

0)
0)

o)

For each commodity, thactivity carried by each branch of a
selected infrastructure

Import andexport for each country

Activity in relevannodes(f.i., extraction fields, ports, energy
hubs)

Data on country energgalances

U It can createchartsandtableswhich are exportable to Excel

DG

ETSAP WorksheBeijing 29
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PAIVI

PAIVI:

U It imports thegdxoutput file of the model and it shows the results in
both graphical and tabular form
U For each branch of a selected infrastructure it can visualise:

0 A georeferencedmap
o The maincharacteristicqorigin, destination, ...)

U It allows to disrupt a branch, to createsaenario fileand to perform a
new run
U For each region and for each commodity, it cshiows:

o0 Theactive supply corridordor a selected run
o0 The deliveredactivity
o The relatediskvalue

U It allows toexport charts, tables and GIS maps
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FURTHER APPLICATION

FUTHER APPLICATIONS of the REACCESS methodology

U The detailed description of the energy corridors,
U The methodologies for risk evaluation and
U The geeareferencedrepresentation method developed REACCESS

could be successfully applied éatra-EUenergy systems, like th&sianones, in
order to assess the reliability of energy infrastructures

Link to
existing/possible Detailed
simulation and | characterization of the
optimization mode| €nergy corridors (as in
RECOF  Mid-long term
analyses othe
Interregionaltrade

Definition of
appropriate energy
targets and strategies

A4
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FURTHER APPLICATION

EXAMPLE The role played by China
i Accordingi 2 GKS Yl 22NJ F2NBOlFad |ylfea:

largest energymporter

Import dependence: from 15% to 20% by 2035 (BP Energy Outlook 2035)
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(Source: IEAQIl & Gas Security 2012
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FURTHER APPLICATION

EXAMPLE The role played by China

U The investigatiomf all the aspects related to the supply of the main energy
commodities, focusing in particular on the security, could be performed
making use of the REACCESS methodological approach which would pro
beneficial forthe possibility of:

Aevaluatingthe risk related to each supply corridor and of implementing
reductionscenarios

Atakinginto account ad hoc policies on imports, by using appropriate
constraints as th&rowth/Decayones (particularlymportantin a rigid
planningeconomy)

Aestimatingthe air pollutantemissionsrelated to the energy imports and of
linking them to the security dupply
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CONCLUSIONS

Conclusions

U TheREACCESS project has introduced a new methodology for investigatil
the security of energy supplin the EUover a mid/longterm time horizon
by usingforecasting optimizatiormodels

U Somerefinementsimplemented during the followp phase of the project
and the development of a new graphical interfdt/emade the model
more usefulfor assessing also both single countries erttaEU regions

U Inparticular, a new procedure farsk evaluation based on singleorridor
composite risk indicators and on new commodities similac@ emissions,
allows for new combined risk and pollutant emissions reducsicenarios

U Furthermore the introduction ofGrowth/Decayconstraints on each supply
branchallows to takento account specific policies amports

U As a consequence, this procedure could be usefully applied to analyse the
energy supply oéxtra-EU areassuch as Asia
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