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B Net-Zero Emissions by
2050

* Interconnected Europe

+ 2030 goal: 50% — 55%
reduction compared
to 1990 levels

A European Green Deal
Striving to be the first climate-neutral continent
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Countries are modeled individually,

Contributions of interconnections towards the grid are not
considered

Old EU goal of 80% — 95% CO, reduction by 2050 is used

Dispatchability, seasonal storage and power to gas are not
considered

Country level policies are not considered

Models consider 2015 as a reference point

Grid constraints are not considered

+ 3rd countries are not included (EU states are connected to)
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Countries are modeled individually

Contributions of interconnections towards the grid are not
considered

Old EU goal of 80% — 95% CO, reduction by 2050 is used

Dispatchability, seasonal storage and power to gas are not
considered

Country level policies are not considered
Models consider 2015 as a reference point
Grid constraints are not considered

3rd countries are not included that EU states are connected to




Imperial College
London

e |

'Tool:!

@ Research Plan

complexity (size/non-convexity of model) |
x=N 1 _ [
ESONE-XE
meM s @ 4
) : @ ESO-XEL |
S ———— H
: T » ? ESO-X
endogenous tech. learning -Q/? i ' g " Ik\"bl
MIP, dispatchable, - T 9—:'—:‘5' i = @ ESONE |
intermittent, storage  — L %
LP, dispatchable © E @ ESO
f — o

35 {857 fime (years) Y- \*I
teT =

|

Clustering |

|

|

|

|

i
- - - - —— -

« ESONE

11

I
=




Imperial College @ Research Plan

London

e |

'"Tool:!

r;.-. - -~ -—=-=> [
'y = Interconnected |

I Europe .

16



Imperial College @ Research Plan

London

e |

'Tool:!

>

1
~

1
I'«  Interconnection cables I
: * Countries treated as nodes |

17



Imperial College @ Research Plan

London

| Iceland
- s e o e . .
I Sweden
Finland
I Norway
MMMMM
I Estonia Mocxsa
| Latvia
Lithuania
I h Sea
United e 8" \
I Kingdom L
Ireland oland
I Netherlands
ondor Lt Ukraine
g.., Germany o )
jum @ \
I Cechia slovakia Moldova
Paris Visrns
L] o )
I Austria Hunga R o
I France 4
¥ G Serbin
I 3 Bul
KA ol bl
Italy
I & @Rome
Portugal Barcelona
Madrid 2 Greece
I -
pain
I B

13



Imperial College ’ Current Progress & Plans

London

* Input Data:
— Updated hub gas
prICGS |HELAN’ GDOM Evas

i

i

i

i

|

— Aggregated I
Decommissioning :
i

i

i

i

|

UKRAILD

_
f **WF’PQN ROMAMNIA

.a-t

— Grid Constraints
— Historical Build

-
|

-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|




Imperial College Current Progress & Plans

London Y L L L L r ey 57
_______ I l_ NN BN S S S e— — e L ey I
. r -------- 1 I ::
e e I I
| : [ | -
e CCS and NETSs: 1 | i
BT JLREE
| play an important role | | st
: in most countries :I : . m == - D
r I 22 s ’ .
|+ Transition: i I Sy
' depends on the TR .
i resources available y RomaNIA Lo
I -..'_ prans Ga sERBIA
» Challenge: 1! N
: 08 1 R R e o e
1 data collection 1 s
l ----------------- -I. =




Imperial College @ Research Plan

London

e |

'"Tool:!

r;.-. - -~ -—=-=> [
'y = Interconnected |

I Europe .

16



Imperial College Current Progress & Plans

London

ESONC_anel

-=1ESONE_EU:

// FTT T T T TR ’ \

\

F'jf"dg"ﬁ . bata I
1 © Update Code ¢ Data [
N U L_.Aggregation ;

21



Imperial College ’ Current Progress & Plans

London
ESONC_1ns. !

~~"ESONE_EU::
/

O / ----

: * Update Code | .

I (ESO_X) }

E——r ———————

* Decommissioning Schedule

New Technologies

Transmission losses inclusion with system demand
Self discharge rate for storage technologies

R e
21




Imperial College Current Progress & Plans

London

ESONC_ 1l

-~ ESONE_EU:

___________ <4

\
\

£ 8 B N N N | L ----- q

: * Data i

I disaggregation

U o e e e s s s s -—
L =& & & B B B N &N N 3 58 N R _F T— -------
: +  System Demand (R-Code) :
| © Fuel Prices |
: * Imported Electricity Prices :
i (R-Code) |
I - System Inertia :
: *  Unit Size 1
I+ Build Rate :
|

| «  Transmission Losses I

N
-



Imperial College Current Progress & Plans

London

Case Study:

I

|

1 Northern Sea and
: Baltic Sea countries




Imperial College ’ Current Progress & Plans

London

S. Inertia

National level

Observation:
More CCS and NETs

NL burns gas and UK
offsets >

cheap NG prices in NL

Capacity Expansion (GW)

w

N

-

UK

Belgium

Netherlands

Germany

80

BECCS

Bio

CCGT
CCGT-PostCCS
CCGT-PostCCSr

10'10 »,p'f’ ),p"'*“ 10’5" 10‘*“ 10‘*" ),95“

A998 1030 5 1080 08 1050

o
10'10 »,p'f’ ),p"'*“ 10’5" 10‘*“ 10‘*" ),95“

A998 1030 51080 0 100

200 . Coal
] 604 e Interimp
I 150 BN Nuclear
1 I I I I = OCGT
40 1 100 J 0| [mm ensio
1 = Solar
. . = = . 20 I 50 4 s Wind-Offshore
1 ' | | N | g e Wind-Onshare
n - |
B EmE Hydro
3 o- o- - il
Denmark Norway Sweden Finland B Coal-PostCCSr
] 60 4
40 . I I 25
] = 5] I
204
30
404
30 . . I I I 15 4
20 301
1 201 10 4
10
1 . 104 54 mEEm |
s e = =W - ol & - W W
Estonia Latvia Lithuania Poland
3.0
l - - __m I 601
2.5 61 - | s
{m u ] ]
2.0 l l l 40 4
1 - I 15 1 I . 20
1 104 20 I
] 29
- I
] ] 05 10 B | N | [ | B R
0.0 0

16




Imperial College ’ Current Progress & Plans

~Ltondon_ _ _ _ ___
'ESONE_EUpy: 1
|_ _ _ _ _ _ _ _output sample,
-------------.—' L 8 B B 8 N R R _F _F _F _F _F |
« Carbon Intensit I * Imported Electricity |

w
Cl (£ECOz/MWh)




Imperial College @ In Summa ry

London

It is necessary to address literature gaps

Fuel prices play a role in the introduction of CCS and NETs

Addressing these gaps will aid in properly answering the question:
How the EU should transition towards net-zero by 2050




Imperial College @ Next

London

1

1
i » Add the rest of EU member states i

|
| |
I * Introduce national level policies |
: i
: i
i + Examine multi-objective optimization i
|

16



	European Energy Transition: �Pathway to Net – Zero by 2050
	Background
	Background
	Background
	Background
	Background
	Background
	Literature
	Literature
	Literature
	Literature
	Literature
	Literature
	Literature
	Literature
	Literature
	Research Plan
	Research Plan
	Research Plan
	Research Plan
	Current Progress & Plans 
	Current Progress & Plans 
	Research Plan
	Current Progress & Plans 
	Current Progress & Plans 
	Current Progress & Plans 
	Current Progress & Plans 
	Current Progress & Plans 
	Current Progress & Plans 
	In Summary
	Next

