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Tw o Pr e- Feas ib ilit y An a lys es

Pre- Feasibi l i t y Analysis 1:

Sweden – Poland – Li thuania

Pre- Feasibi l i t y Analysis 2:

Germ any – Sweden – Denm ark

Cases Studied

1
2
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5CS1 (SE/ PO/ LT) w i th High Of fshore Wind Power

Cost and Benef i t Di f ferences

Basel ine Scenar io
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6CS2 (DE/ SE/ DK) w i th High Of fshore Wind Power

Cost and Benef i t Di f ferencesCost and Benef i t Di f ferences

Basel ine Scenar io
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7Ben efit s : Des ign  an d  Resu lt  of t h e Region a l Market  Model
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8CBA App lica t ion Model Overview

M odel  dynELM OD:
Linear  program  to determ ine cost - ef fect ive developm ent  
pathways in the European elect r ici t y sector

Calculat ion Steps
1. Investm ent

− In ves t m en t  in t o Con ven t ion a l an d  ren ewable 
gen era t ion , cross- border  capacit ies

− Redu ced  t im e ser ies  u sed
2. Dispatch

− In ves t m en t  r esu lt  from  s t ep  1 fixed
− Tim e ser ies  wit h  8 76 0  h ou rs

M odel : 
33 Eu ropean  cou n t r ies
31 con ven t ion a l or  r en ewable gen era t ion  an d  s t orage 
t ech n ologies
9  in ves t m en t  per iods , five- year  s t eps  20 20  – 20 50  

Outputs
 In ves t m en t  in t o gen era t ion  capacit ies ,  s t orage, 

t r an sm iss ion  capacit ies
 Gen era t ion  an d  s t orage d ispa t ch
 Em iss ion s  by fu el
 Flows, im por t s ,  expor t s

Boundary conditions

Investment

Full Dispatch

Time series calculation

PTDF calculation

Assumptions

23 May 20 18 , DTU Copen h agen



9CBA App lica t ion Model Overview

Appl icat ion in BIG M odel  Context
Cost  benef i t  analysis: Focus on Bal t ic count r ies (but  calculate 
ful l  dispatch for  al l  count r ies)

Relevant  Inputs
Instal led Capaci t ies, Fuel  Costs, Em ission l im i t s/ pr ices
Scenar io- speci f ic data: 
• Connect ions between count r ies
• Wind farm  integrat ions

Outputs relevant  for  CBA
 Secu r it y of su pp ly  h ou r ly adequ acy m argin
 Elect r icit y gen era t ion  cos t s  an d  p r ices . 

 Relevan t  s t akeh olders  for  welfa re 
im p lica t ion s : Con su m ers , Produ cers  
(con ven t ion a l an d  ren ewable),  TSOs

 Hou r ly gen era t ion  & s t orage d ispa t ch  
 Cross- border  flows
 RES In t egra t ion  fact or  (ra t e  of cu r t a ilm en t )
 Gen era t ion  an d  s t orage d ispa t ch
 Em iss ion s  by cou n t ry an d  fu el

23 May 20 18 , DTU Copen h agen



10Cost - Ben efit an a lys is
Modelin g Assu m pt ion s

Elect r i ci t y gener at i on capaci t i es

• Entsoe TYNDP 2016 M arket  M odel ing Data for 2020 and 2030 
Scenar io Vision 3

• Of f shor e w ind capaci t ies for the bal t ic sea region are set w i th in
consor t ium and di f fer by scenar io

CO2 decar bon izat i on  tar get :

• 90%  CO2 em ission reduct ion unt i l 2050

Other  assum pt ions

• Pr ices for fuels etc. are based on the European Com m ission ‘ s
Reference Scenar io 2016

• Tim e ser ies: st ructure based on year 2013, ful l load hours are
scaled to m eet project ions
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M
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2

23 May 20 18 , DTU Copen h agen



11GoA 3.6 , Case St u dy SE – PL – LT
Syst em  Cost d ifferen ces (wit h ou t scen ar io specific cos t s )

Overal l  system cost di f ferences in  2017 bn €
Scenario 2020 2025 2030 2035 2040 2045 2050 sum

CS1: High wind, no integration --> high integration 0.00 0.00 -0.01 0.03 -0.07 -0.03 -0.02 -0.09
CS1: High wind, no integration --> partial integration 0.00 0.00 -0.01 0.03 -0.06 -0.01 -0.01 -0.06

CS1: Low wind, no integration --> high integration 0.03 0.01 -0.03 -0.76 -0.36 0.07 0.05 -0.99
CS1: Low wind, no integration --> partial integration 0.04 0.09 -0.07 -0.62 -0.36 -0.06 0.05 -0.92

 In  t h e h igh  win d  scen ar ios , t h e d ifferen ce is  r ela t ively sm all
 Cost  ch an ges  occu r  du e t o redu ced  gr id  expan s ion  n eed  in  case of h igh er  offsh ore in t ercon n ect ion
 Main ly in  Sweden , Polan d , an d  Lit h u an ia . Ot h er  Cou n t r ies  less  a ffect ed

23 May 20 18 , DTU Copen h agen



12GoA 3.6 , Case St u dy SE – PL – LT
Pr ice developm en t

Average elect r ici t y pr ice di f ference for scenar io var iat ions

PL

SE

LT

Low wind

High wind

Low wind

High wind

High wind
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13Syst em  Adequ acy /  Secu r it y of Su pp ly

System  Adequacy depends on:

• Unused generat ion and avai lable capaci t y in  each

count ry

• State of network: f lows and f low di rect ions, which

determ ines the avai lable im por t capaci t y

 Der ive Sys t em  Adequ acy Mar g in  for each h ou r in  

each cou n t r y

System  Adequacy
 In al l  scenar ios the system  conf igurat ion is adequate
 Adequacy is sim i lar  in al l  scenar ios
 For  Li thuania the system  adequacy is lower  in the High 

Integrat ion scenar ios

23 M ay 2018, DTU Copenhagen



14Adequ acy in  case of lin e ou t ages

Quest ion: 

Do scenar ios w i th h igher  connect ivi t y provide 

h igher  adequacy in  case of  a l ine outage?

Com par ison: Hour ly Adequacy w i th and 

w i thout  l ines.

No Integrat ion

Par t ial  In tegrat ion

M ax In tegrat ion

Lines excluded for  system  adequacy com par ison:
 No In t egra t ion : Main  In t ercon n ect ors
 Par t ia l In t egra t ion : Lin es  t o Cen t ra l Poin t
 Max In t egra t ion : Lin es  bet ween  Win d  fa rm s

23 May 20 18 , DTU Copen h agen



15Adequ acy in  case of lin e ou t ages – Sweden

Before Af ter  l ine outage

Adequacy af ter  l ine outage
 Adequ acy is  r edu ced  as  expect ed , bu t  n o t h rea t  

t o sys t em  adequ acy overa ll
 No In t egra t ion  scen ar io m ost ly a ffect ed
 Sim ila r  adequ acy redu ct ion  in  par t ia l an d  h igh  

in t egra t ion  scen ar ios .

23 May 20 18 , DTU Copen h agen



16Adequ acy in  case of lin e ou t ages – Polan d

Before Af ter  Line outage

Adequacy af ter  l ine outage
 Differen ces  bet ween  scen ar ios  a re sm aller
 In  case of lowest  adequ acy t h e decrease du e t o 

lin e ou t age is  sm alles t  
 Par t ia l In t egra t ion  is  m ost  r es ilien t  aga in s t  t h e 

m odeled  lin e ou t age

23 May 20 18 , DTU Copen h agen



17Adequ acy in  case of lin e ou t ages – Lit h u an ia

Before Af ter  Line outage

Adequacy af ter  l ine outage
 Differen ces  rela t ive t o t ot a l gen era t ion  capacit y 

la rges t  in  Lit h u an ia
 High  in t egra t ion  scen ar io is  m ost  robu s t  aga in s t  

lin e ou t age
 Especia lly in  case of a lready low adequ acy

23 May 20 18 , DTU Copen h agen



18GoA 3.6 , Case St u dy 2 DE – SE – DK
Syst em  Cost d ifferen ces (wit h ou t scen ar io specific cos t s )

Overal l  system cost di f ferences
Scenario 2025 2030 2035 2040 2045 2050 sum

CS2: High wind, no integration --> high integration -1.91 -0.52 -1.35 0.54 1.09 0.41 -1.76
CS2: High wind, no integration --> partial integration -1.92 -0.52 -1.35 0.52 1.05 0.38 -1.83

CS2: Low wind, no integration --> high integration 0.00 0.00 0.00 -0.01 0.01 0.01 0.01
CS2: Low wind, no integration --> partial integration 0.01 -0.04 -0.02 0.03 0.03 0.03 0.03

 Cost  decreases  a lso h ere m ost ly in  gr id  expan s ion .
 Main ly in  t h e scen ar io- relevan t  cou n t r ies  Germ an y, Sweden , an d  Den m ark

23 May 20 18 , DTU Copen h agen



19Con clu s ion s

Conclusions Benef i t s Par t

- Expectat ion previous to m odel runs: Sm al l  overal l system cost

di f ferences between levels of in tegrat ion in  the bal t ic sea region

- Resul t s: Depending on Wind instal lat ion, t he need for gr id

expansion can be reduced by increased of fshore in tegrat ion

across count r ies

- Increased in tegrat ion also helps to im prove system rel iabi l i t y

Next : 
 Com bin a t ion  of Ben efit s  r esu lt s  wit h  t h e Cost s  p a r t  in  t h e 

followin g p resen t a t ion

23 May 20 18 , DTU Copen h agen



20Cost s : Des ign  an d  Resu lt  of t h e Lin ear  Cost  Model
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• Linear  Cost M odel  ( incl . 

expected future t rends) 

• Sensi t ivi t y Analysis

• Al l  resul t s dicsounted to

2017 w i th an in terest rate of 4%

Approach

Evaluated as m ost
sui table cost data sets

23 M ay 2018, DTU Copenhagen
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• length- and power  dependent cost
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Onshor e Node Cost
(Conver ter / Tr ansfor m er  + I nstal lat i on )

• power - dependent cost

• f ixed cost

Of f shor e Node Cost
(Conver ter / Tr ansfor m er  + Plat f or m + I nstal lat i on )

• power - dependent cost

• f ixed cost

Linear  Cost  M odel

𝑦𝑦 = 0.32
M€

GW � km
� x + 1.32

M€
km

𝑦𝑦 = 61.57
M€
GW

� 𝑥𝑥 + 57.36M€

𝑦𝑦 = 236.60
M€
GW

� 𝑥𝑥 + 175.96M€

𝑦𝑦 = 1.14
M€

GW � km
� x + 1.52

M€
km

𝑦𝑦 = 6.67
M€
GW

� 𝑥𝑥 − 0.23M€

𝑦𝑦 = 86.33
M€
GW

� 𝑥𝑥 + 26.29M€

[Lin ear  Cost Model,  cf. Här t el et . a l. 20 17]
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CS1 (SE/ PO/ LT)

Hig h  Offs h or e  Win d  p ow er

Cost  Resu lt s
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HVDC Cables

HVDC Breakers included!

- 0 .6 6  bn € 0 .24  bn €
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CS2 (DE/ SE/ DK)

Hig h  Offs h or e  Win d  Pow er

Cost  Resu lt s
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HVAC Offshore Nodes
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HVDC Offshore Nodes
HVDC Onshore Nodes
HVDC Cables

0 .4 6  bn € 0 .0 4  bn €
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27Sen sit ivit y An alys is
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Va r ia t ion  of In pu t  Param et er

HVDC length- and power-dependent cable costs

HVDC length-dependent cable costs

HVDC power-dependent node costs

HVDC power-dependent offhore node costs

HVAC length- and power-dependent cable costs

HVAC length-dependent cable costs

HVAC power-dependent node costs

HVAC power-dependent offhore node costs

Exem p la r y An a lys is  for  CS1_ 2a  (Par t . In t eg.,  High  OWP)
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29Approach

Net Present Value Difference compared to Base Case
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CS1 (SE/ PO/ LT)
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Net  Presen t Ben efit
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CS2 (DE/ SE/ DK)

Hig h  Offs h or e  Win d  Pow er
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• The m ain  benef i t  br ings the in terconnect ion, which is al ready 

par t  of  t he base case (zero in tegrat ion)

• No general  t rend related to the evaluat ion of  par t ial  and 

m axim um  in tegrat ion scenar ios could be ident i f ied

• The cost st ructure is case speci f ic
• Cost reduct ion potent ial  is h igher when hub 

connect ions are also par t of the zero in tegrat ion case
• Reduct ion of AC com ponents could be posi t ive but  is

of ten com pensated by addi t ional  DC of f shore node cost

• Benef i t s are alm ost  equal  for  par t ial  and m ax in tegrat ion 

scenar ios, costs can vary sign i f icant ly

Conclusions

23 M ay 2018, DTU Copenhagen
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