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1. Scenario building methodology

The scenarios presented within the report have all been subject to various processes in order to
collect, develop and create input and output datasets. The following section details the
methodologies used in order to offer stakeholders insight and trarespayr into the process.

1.1. Assumptions for fuel and carbon prices
Fuel and carbon prices are key inputs to the development process. The ENTSOs have used the
information provided by the IEXorld Energy OutlooWEQ, which considers the global context
anddevelopment that influences commaodity prices.

The storyline for each scenario is used to map\Werld Energy Outlookcenario to the respective
ENTSOs counterpart. The majority of the data used reflects that oivindd Energy Outlook 2016
report, whichhas the scenarios of Current Policies, New Policies and the 450 Scenario. In order to
reflect the storylineghe CQ prices were increased for Distributed Generation.

Following thedraft scenarioreport public consultation,the Sustainable Transition 30 scenariowas
mapped toWorld Energy Outlook 2018ew Policy Prices with an adjustment in Carbon Price to set
the merit order to Gas before Coal. The change was due to feedback received from stakeholders and
to retain consistency in the approach to meoitder setting between TYNDP cycles and CBA project
assessments. The Low Oil Price Scenario #MBO 2015etained for Sustainable Transition 2040
since the Identification of System Need report studies have already been carried out with these fuel
prices

Further insight into these changes, plus the effects and usage of prices can be found within the annex
supportingthis report. The fuel prices for the EUCO 2030 scenario are provided directly by DG ENER.

For power generation, these inputs determine theamginal prices of each thermal power unit
depending on its efficiency and emissions. Each unit is linked to one fuel price depending on its type.
Gas price will be used as the reference price for gas supplies during the TYNDP assessment.

The following able provides a summary of the fuel prices used within the scenario building
framework. All prices should be considered as expressed in real teatues shaded with a grey
background arebased on the WEQO16LINKA OS & Wugleak kigmite @r Oil Shale prices are
derived through comparison of various sources, please refer to individual sections for further
information. A particular case is made for biofuel powered units where the possibility to specify a
price for biofuel 6r each courmy was possible (defined by each of the TSOs
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C
Fuel & CO, prices
Year 2020 2025 2025 2030 2030 2030 2040 2040 2040
. Expected Coal Gas Sustainable Distributed Sustainable G_Iobal Distributed
Scenario Before Before . EUCO . L Climate .
Progress Transition Generation Transition ) Generation
Gas Coal Action
Nuclear 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47
Lignite 1.1 1.1 1.1 11 2.3 1.1 1.1 11 11
Hard coal 2.3 2.5 2.1 27 43 2.7 25 1.8 2.8
€ K
GJY Gas 6.1 7.4 7.0 8.8 6.9 8.8 55 8.4 9.8
Light oil 15.5 18.7 155 218 205 21.8 17.1 15.3 24.4
Heavy oil 12.7 15.3 12.7 17.9 14.6 17.9 14.0 12.6 20.0
Oil shale 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
€ k (| co;price 18.0 25.7 54.0 84.3 27.0 50.0 45.0 126.0 80.0
Main Fuel WEO 2016
Price WEO 2016 Fuel Prices WEO 2016 New Policies WEO 2016
Source WF;\IOEV?IOIG WENOe‘iIOIG \2/\({5_2 New Policies with  Provided New Policies Fuel Prices WEO 2016 New Policies
(Rows policies policies 450 Higher Carbon by DG with higher adjusted to 450 with higher
shaded Price Energy cQ create a "Low Oil CcQ
Grey) Price Scenario”

Tablel: Fuel & C@Price Assumptions

This section is structureid three parts:
- Fuel pices that are considered as constant over the time and scenarios;
- Prices that are changing with the time and scenarios;
- Prices used for TYNDP 2018 storylines and adjustments made to WE®prafesence
from DG Energy for EUCO 2030 scenario
All prices should be considered as expressed in real terms (in this case as they drerbtdse WEO
LINAOSA0ZI AY €HAMPO®

1.1.1. Fuel prices that remain constant over all the scenarios

Nuclear price
The nucleafuel price is assumed constant over the whole time horizonakstenaria.
This price includes the following components:

- UsGs price

- Conversion price

- Enrichment price

- Fuel fabrication
The final nuclear fuel price is calculateg summing the foucompments mentioned.A number of
expert sources are referenced in the chart below, the final price for nuclear is determined by taking
an average of the cost¥herefore the market models are using a price of ®47 DW F2 NJ G KS
fuel.
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Cost of nuclear fuel cost in €/G)
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Figurel: Nuclear price
The nuclear fuel price is set by the world demand and supply and is affected in a very limited way by

the drivers identified in the storylines, therefore theuclear fuel price iassumedo be the samdor
all thescenariosincluding the EUCO scenario

The proposal for TYNDP 2018 is to use the sarse pdross all scenarios set at 0edk D W®

Lignite price

The cost of extraction and the calorific value of the lignite drive the pri€hs. following chart

presents lignite prices from various references. For TYNDP&0a8eragdignite price2 ¥ M ®dm € K DW
calculated from the data identifie®inceifnite is consumed locally (due to its low calorific value), it

can be considexd as stable for the future.
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Figure2: Lignite price
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horizors.

Exception:
The lignite price for the EUCO scenario was provided by DG Etleeggostprovidedwas2.3e Kk D W
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Qil shale price
Oil shale is only present in Estonia at the moméiie oil shale price is settp® o
for all scenarios.

€ KsDbonstanty” R

¢KS LINRPLRA&It TFT2NJ ¢, b5t Hamy Aa G2 dzas

1.1.2. Fuelprices that change depending on the scenario

World energy fuel prices for oil, gas and coal are typically hard to predict. Th&/¢E& Energy
Outlookprovides an annual report on the possible future energy trends and the associated fossil fuel
and carba prices for the 2020 to 2040 time frame.

TheWorld Energy Outlookloes not provide the price of commodities in the format for the market
study tools. Th&Vorld Energy Outlookoes, however provide conversion tables to calculate the fuel
LINAOS& AY €kDWO

The followingconversiontables are extracted from th&/ EO2016

General conversion factors for energy

Convert to: T Geal Mtoe MBtu GWh
From: multiply by:

T 1 238.8 2,388 x 10" 947.8 0.2778
Geal 4.1868 x 1073 1 107 3.968 1.163 x 10°%
Mtoe 41868 x 10# 1o 1 3.968 x 107 11 630
MEBtu 1.0551 x 107 0.252 2.52x 10 1 2.931x10°
GWh 3.6 860 8.6x107 3412 1

Note: There is no generally accepted definition of boe; typically the conversion factors used vary from
7.15 to 7.40 boe per toe.

Table2: WEO 2016 conversion factors for energy

TheWorld Energy Outlookrovides fuel prices in USD dollars, so for the purposes of modelling the
European power nr&et it is necessary to use the appropriate exchange rate, see following table:

Currency conversions

Exchange rates (2015 annual average) 1 US Dollar equals:

Page6

British Pound
Chinese Yuan

Euro

Indian Rupee
Indonesian Rupiah
lapanese Yen
Russian Ruble
South African Rand

0.65

6.23

0.90
65.20

13 435.88
121.04
60.70
12.75

Table3:

WEO 201@&urrency conversion
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TheWorld Energy Outlook 20@rovides fuel prices for 2015, 2020, 2030 and 2040, see extracts
from report forfuel prices and carbon prices. To derive the fuel and carbon prices for 20&&aea
interpolationis necessary

Table 1.4 = Foszil-fuel import prices by scenario
MNew Policies Current Policies 450 Scenario
Scenario Scenario

Real terms {$2015) 2015 2020 2030 2040 2020 2030 2040

IEA crude oil [5/barrel) 51 79 111 124 B2 127 146 73 8BS 78

Matural gas (5/MBtu)
United States 2.6 41 54 6.9 43 59 79 39 48 5.4
European Union 7.0 71 103 115 73 111 130 6.9 94 99
China 9.7 92 116 121 95 125 1389 86 104 105
Japan 10.3 96 119 124 95 130 144 90 108 1059

Steam coal (5/tonne)
QECD average 64 72 83 87 74 91 100 66 64 57
United States 51 55 58 60 56 61 64 53 52 45
European Union 57 63 74 17 B3 80 38 58 57 51
Coastal China 72 78 86 89 79 92 98 73 72 &7
Japan 59 66 17 B0 B8 24 92 61 59 53

MNotes: MBtu = million British thermal units. Gas prices are weighted averages expressed on a gross calorific-value basis.
All prices are for bulk supplies exclusive of tax. The US price reflects the wholesale price prevailing on the domestic
market. The China and European Union gas import prices reflect a balance of LNG and pipeline imports, while the Japan
import price is solely LNG.

Table4: WEO 2016-ossil fuel import prices

Table 1.1 = COQ, price assumptions in selected regions by scenaric
52015 per tonne  Region Sectors 2020 2030 2040
Current Policies _EuropeanUnion . ...Power industry aviation 18 30 40
Scenario Korea Power, industry 18 30 40
JEuropeanUnion e FOWEL, industry, avigtion 20 37 SO
Power ] 12 20
New Policies P
RN e =t - S = S -
South Africa Power, industry 7

United States, Canada, Japan,

i Korea, Australia, New Fealand Fower, industry 20 100 140
O8N europeanUnion " power, industry,aviaon 20 100 140
China, Russia, Brazil, South Africa  Power, industry 10 75 125

Table5: WEO 2016&Q price assumptions

The storylines for each ENTSO scenario is used to mafgdhld Energy Outlookcenariowith to the
respect ENTSO counterpart. TWEO 2016eport, which has three scenarios (Current Policies, New
Policies, 450 Scenario) which are described in furtheride¢dow. The fuel prices for the EUCO 2030
scenario are provided directly by DG Energy
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Fuel & CO; prices
Year 2020 2025 2025 2030 2030 2030 2040 2040 2040
. Expected Coal Gas Sustainable Distributed Sustainable G!obal Distributed
Scenario Before Before " EUCO . - Climate .
Progress Transition Generation Transition . Generation
Gas Coal Action
KeyFuel WEO 2016
Price WEO 2016 Fuel Prices WEO 2016 New Policies WEO 2016
Source Wioeviom W?\g\i’om \Zl\gig New Policies Provided New Policies Fuel Prices WEO 2016 New Policies
(Rows policies policies 450 with Higher by DG with higher adjusted to 450 with higher
shaded Carbon Price Energy efe} create a "Low Oil CcQ
Grey) Price Scenario"

Table6: Fuel & C@price assumption scenario alignment

[taken from IEA website]

- New Policies Scenariof theWorld Energy Outlookroadly serves as the IEA baseli
scenario. Ittakes account of broad policy commitments and plans that have been ann
by countries, including nationallgdges to reduce greenhougas emissions and plans
phase out fossinergy subsidies, even if the measures to implement these commitmer
yet to be identified or announced.

- Current Policies Scenari@ssumes no changes in policies from the-paidt of the year of
publication (previously called the Reference Scenario).

- 450 Scenaricsets out an energy pathway consistent with the goal of limiting the d
increase in temperature to°@ by limiting concentration of greenhouse gases in
atmosplere to around 450 parts per million of GO

he
bunced
to

its have

lobal
the

Scenarios that are directly mapped ¥/orld Energy Outlook 2016r DG Energy fuel prices
1) 2020 Expeted Progress
2) 2025 Expected Progress Coal before Gas
3) 2025 Expected Progress Gas before Coal
4) 2030 EUC@apped directly to DG Energy
5) 2040Global Climate Action

Scenario wheraVEO2016&cenarios are adapted to fit with the ENTSOs Storylines
1) 2030Sustainable Transition
a. Baselon WEO 201@New Policies
b. Carbon Price adjusted to set merit order Gas before Coal
2) 2040 Sustainable Transition

a ! €[26 hAt tNROS¢ WEODYBeNRdced Sy SN §SR FTNRY

b. Setting the Merit order to Gas Before Coal
3) 2030 & 2040 Distributed Generation
a. Based o'WEO201&cenario New Policies, carbon price adjusted to create an
investmentsignal that enables developments in distributed generation technolog

Pages
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1.1.2.1. Fuel Price setting for 2040 Sustainable Transition

Creatingthe 2040 Sustainablerdnsition fuel priceis a twostep process:

{GSLI M / NBFEGAY3T G4KS da[ 26 hAif tNROSE {OSyl NA?2

| Lodv Ol PNRA OS¢ &O0SYFNAR2X |YyR GKSNBF2NB f2¢ 3l a

2040in order to reflect the storyline. The agreed process uses the methodology employed in the

World Energy Outlook 201feport. TheWEO 2015eport uses scalingattors to adjust theNew
Policiesnew policies scenario for coal, gas and oil prices to create a LBic®#cenario.

a[ 26 hA
Conversion from New Policies Scenario
to Low oil fuel prices 2040
2. D
Hard Coal 90% Se K
Gas 80% 7.8€ K D
LightOil 70% 17.1e kD

Table7: Conversion factors for Sustainable Transition prices

Step 2 Setting the Merit order to Gdsefore Coal

LINA (

The next step for alignment of the fuel prices to the Sustainable Transition 2040 storylines is to set a
Gasgas befor&oalcoal merit order. The method decreases the gas price in order that New CCGT Gas

appears before Hard Coal New in the merit order.

Gas Adjustment Ratio Final Gas Price for Merit order
to Achieve Gas before Coal adjustment
Horizon
Gas Price 204( 70% p®Pp € kKDW

Table8: Conversion factors for Sustainable Transition merit order

Note: For thescenario e-run of Sustainable Transition 204this approactwas retained to ensure
consistewy with theresults presented in the TYNDP18 Identification of System Needs Report

1.1.2.2. Fuel Price setting for 203ustainable Transition

The fuel prices for Sustainable Transit@d30 are based on th@&/orld Energy Outlook 201Mew
Policiesscenario.

¢KS OFNb2y LINAOS T2NJ 6KS 20SyFrNR2 Aa AyONBIl a

Coal.

Note: For thescenario e-run of Sustainable Transition 2030js approachwasapproved, to ensure
consistery with the methodologyused inVision 3of ENTSOEYNDP16.
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1.1.2.3. Fuel Price setting for 2030 & 20B0stributedGeneration

The fuel prices for Distributed Generation 2030 and 2040 are based owWdtrl Energy Outlook
2016NewPoliciespolicies scenario.

¢tKS OFNb2Yy LINAOS F2N) GKS aOSylINAR2 Aa AyBONBIF aSF

optimisation and Thermal reduction process the correct investments signals are created to invest in
distributed generation technolgies

1.1.2.4. ConvertingWorld Energy Outlookuel Prices to Power Market Fuel Prices

Oil (Light Oil and Heavy Oil)

Light and Heavy oil categories are thermal units used within the ERT@®er market tools. The

reference Qil price isbtainedfrom the World Energy Outloolscenarios¢ KS € k DW LINKR OS  F2 N
and Heavy oil categories are calculated in accordance with conversion ratios that are linked to the oil

fractioning process.

Conversion factors from Crude Qil to light oil and heavy oil:

|_70cC 4 ?fuol for
/ehicles . 3
- -> Light Oil
a Chemicals
s y P.leal:'uel'
L Ighing and
heating
f “ Diesel fuels
Forecast IEA o \.m“s""“w;;li
. il 4 Polishes
Crude Oil -> Fustfor 1
Ships, 3
actones ->
: ’% = Heavy Oi
oating

Fractioning Column
Copyright © 2009 science-resources co.uk

Source: science-resources.co.uk

Figure3: Crude oil conversion

Crude Qil> Light QOil
Historic average. +28% between crude and gasoline (Light Oil).
Sourcehttps://www.eia.gov/dnav/pet/pet_pri_spt s1 _m.htm

Crude Qil> Heavy Oil
Historic average. +5% between crude and heating oil (Heavy Oil).
Sourcehttps://www.eia.gov/dnav/pet/pet pri_spt s1 _m.htm
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Gas:
Gas prices are taken from th&EQ The MBTu to GJ conversion used is the one specified by the
World Energy Outlootable of energy conversion.

Hard Coal:

Hard coal prices are taken from the WBCDG Energy assumptians

The coakalorific value of 25 GJ/ton faken as conversion from hWEO prices. This is the calorific
value used in Europe (CIF ARA 6000 NAR).

https://www.platts.com/IM.Platts.Content/methodologgferences/methodologyspecs/european _power methodology.pdf
https://s3-euwest1.amazonaws.com/cibi-iciscompliance/wpcontent/uplaads/2013/08/CarborEmissions. pdf

1.1.2.5. CQ price

CO, prices
Year 2020 2025 2025 2030 2030 2030 2040 2040 2040
. Expected Coal Gas Sustainable Distributed Sustainable G_Iobal Distributed
Scenario Before Before - EUCO . - Climate .
Progress Transition Generation Transition . Generation
Gas Coal Action
€ k (| co, price 18.0 25.7 54.0 84.3 27.0 50.0 45.0 126.0 80.0
WEO 2016
New Policies
. WEO 2016 WEO2016 WEO WEO 2(.)1.6 Fuel Prices WEO 2(.)1.6 Fuel Prices WEO WEO 291.6
Fuel Price New Policies ) New Policies ) New Policies
New New 2016 ) ) Providedby L adjusted to 2016 L
Source L s with Higher with higher " with higher
Policies Policies 450 X DG Energy create a "Low 450
Carbon Price cQ L CcQ
Qil Price
Scenario”

Table9: CQ prices by scenario

For mostof the scenarios, C&prices are mapped to th&Vorld Energy Outlook 2016r DG Energy
Carbon prices

1) 2020 Kpected Progress

2) 2025 Expected Progress Coal before Gas

3) 2025 Expected Progress Gas before Coal

4) 2030 EUC@apped directly to DG Energy

5) 2040Sustainable Transition

6) 2040Global Climate Action

Scenario wheraVEO2016&cenarios were adapted to fit with the ENTSOs Storyline
1) 2030 Sustainable Transition (to set the merit order between gas and 2080),& 2040
Distributed Generatioffpriceto create an investment signal in distributed generation
technologie$
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Biofuel:
Biofuel is either imported or taken from a local market. Subsidies in several countries exist leading to
price differences between biomass/biofuel in Europe. As done in PY20D6, the possibility of LAC

to provide Biofuel data was made. The result in this collection is the following:

entso@

Bio Hardcoal

3.9 108 8.9 5.5
Bio Hardcoal (DK)

8.88 9.36 n/a 9.8
Bio Hardcoal (FI) 6.1 8 n/a 9.9
Bio Oilshale 57 6 6 6
Bio Oilshale(EE) | 45 | 55 | 55 6 6 6
Bio Heavyil 8.33 8.95 8.9 8.95
Bio Heavyil (DK) 6.84 7.38 n/a 8.01
Bio Lignite 6
Bio Lignite (PL) 3.9 5.5 n/a 55
Bio Lignite (SK) 1.55 1.55 n/a 1.55
Bio Lignite (IE) 282 | 294 | 239 2.91 3.06 n/a 306 | 324 | 231
Bio Gas 6.9
Bio GagSK) 6 6 n/a 6

Tablel0: Biofuel prices

For DK, FIE,PL and SK, the prices mentioned in the table above will be used for biofuel units (if

ALISOATASR AY

GdKS

A¢CKSNXYI T €

ones of the unit type where the biofuel is specified.

* For EUCO3(Egion specific differences in Biuel prices were not appliecd/&: not applicablg

Pagel2

aKSSi

2F GKS

t 9aab.



g entso@

1.1.3. Scenario MeriOrder Charts

The following charts provide an indication of the merit order and associated marginal costs for coal,
lignite, and gas power plants feach scenario.

1.1.3.1. 2020 & 2025 scenario Merit Orders

HAHANY dbSg t 2f A OkGoaldbefote@Sgslsdeatio TNRY L 9!
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Figure4: 2020 merit order
2025 - Coal Before Gas
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Figure5: 2025 Coal befor&asgas merit order
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200Y abSg t2f 4G efre Codlfalfeimbliie} ¢

Based on th&/EO2016!50 Scenariq New CCGdl Bs before2 | f € a OSYy Il NA 2 ®

2025 - Gas Before Coal
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Figure6: 2025 Gas befor€oal merit order

1.1.4. 2030 & 2040 Storylinddlerit Orders

The followingcharts present the merit order and marginal cost for the coal, lignite and gas power
plants in each scenario and time horizon.

1.1.4.1. EUCO 2030

The merit order for the EUCO 2030 scenario is set from the fuel and carbon prices provided by DG
Energy used to congtct the EUCO 2030 impact assessment report.

2030 - EUCO

H Lignite M Hard Coal EGas
100
920
80

€/MWh
ENWAUION
[=]=]elelelele]-]
]
“ I
v I

Figure7: EUCO 2030 merit order
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1.1.4.2. Sustainable Transition2030&2040 8 SR 2y | a[ 26 2Af ¢ a
gas price
2030y Sustainable Transitidrg New CCGT GasfBe New Coal
2030 - Sustainable Transition
MLignite MHard Coal WGas
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Figure8: Sustainable Transition 2030 merit order

2040y SuStainable Transitigrg New CCGT Gas Before Coal

Figure9: Sustainable Transition 2040 merit order
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