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ROADMAP 2050
A PRACTICAL GUIDE TO A PROSPEROUS,
Low-CARBON EUROPE

THE MISSION OF RoAapmar 2050
IS TO PROVIDE A PRACTICAL,
INDEPENDENT AND OBJECTIVE
ANALYSIS OF PATHWAYS TO ACHIEVE
A LOW-CARBON ECONOMY IN EUROPE,
IN LINE WITH THE ENERGY
SECURITY, ENVIRONMENTAL AND
ECONOMIC GOALS OF THE EUROPEAN
UNION.,
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C02 EMISSIONS NEED TO BE REDUCED 80% BY 2050
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EU-27 total GHG emissions in
o decarbonized pathway, GtCO2e
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CO02 EMISSION REDUCTION

THe 20X CO2
REDUCTION GYERALL
IMFLIES 90-95T
REDUCTION INW POMER,
ROAD TRANSPORT

AND BUILDINGE.

THIS CouLD BE
ACHIEVED BY MAXKIMHUM
ABATEMENT WITHIN
AND ACROSS SECTORS,
MoTE: THIS LEVEL

OF DECARBON[ZATION
IS DEPEMDENT

ON ACHIEYING
AGGRESSIVE 2T vEAR
GN YEAR EHERGY
EFFICIENMCY SAVINGS,
WITHOUT WHICH THLS
LEVEL OF ABATEMEMT
IS MDT POSSIBLE IN
THIS MODEL.
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MANY PATHWAYS COULD LEAD TO ZERO CARBON POWER

EacH OF THE
MODELLED PATHWAYS
CONTAINS &
DIFFERENT WIR OF
EENEMARLE ENERGY
soupcEs. CCS

ann NUCLEAR. BUT
EACH LEAD TO &
LTEED CARBON POWER
SECTOR.

e e e

20% 40%

Power sector
decarbonization

Pathways nol assessed
containing, .g., tidal ecs!
nuckear fusion, algae and
power from lceland or
Russia

Three pathways with varying
shares of renewable
nuclear and CC53

95%-100%

Decarbonized
power



ENERGY EFFICIENCY & FUEL SHIFT BALANCE DEMAND

4,800 TWiyr (Total)

Cars and heat pumps will run on power saved by

additional efficiency measures

(Increasing Energy Demand)

B Fuel Shift

4,900 TWiyr (Total)
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ADDED EFFICIENCY BENEFITS

REDUCE ENERGY
CONSUMPTION

L. L;

Encardescent Low-anargy bulb
light bulb

THE OVERALL ABILITY
OF THE EU To
DECARBONISE IS5
DEPENDENT ON
ACHIEVING AGGRESSIVE
EHERGY EFFICIENCY
SAVINGS.

OFFSET INCREASING
ENERGY DEMAND

WITHOUT ENERGY
EFFICIENMCY SAVINMGS,
ENERGY DEMAND WILL
INCREASE AND 1IT
WILL BE HARDER AMND
MORE EXPENSIVE TO
MEET THAT DEMAND.

INCREASE ENERGY EFFICIENCY SAVINGS

€
-

Erscourage Efcient
Aetrofiting &
Canitiuction
Current
Inefficient
Conutnsction

EMNERGY EFFICIENCY SAVINGS SHOULD BE
PURSUED URGENTLY. THEY CAN BE MADE
HOW. AND THE MAJORITY ARE CHEAPER
THAN BUILDING MWEW. THIS IS5 HAS A
SPECIFIC IMPACT onM CO2 EMISSIONS IF
IT 15 UMABATED FOSSIL GENERATION
THAT IS5 BEING BUILT TO MEET DEMAND
THAT COULD HAVE BEEN MET BY ENERGY
SAVINGS.



ELECTRICITY DEMAND 2050
(EU27 PLUS NORWAY & SWITZERLAND)

2050: DEMAND
4900 TWhlyr

2010 2020 2030 2040 2050
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ENERGY RESOURCES IN 2050 (HIGH RES PATHWAY)

RENEWABLE
TECHNDLOGIES ARE
ALLOCATED To
EEGIONS BASED
OH THE HATURAL
CCCUBRENCE OF THE
BEMEMABLE SOUBCE.

=100 TWh
per year
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RES DIVERSITY CONTRIBUTES TO CONSISTENT SUPPLY

OVER THE COURSE

OF THE YEAR. THE
INTEGRATION OF
EURDPE ALLOWS FOR
SONE ENERGY BSOURCES
T0 COMPENSATE Fam
THE LACE OF OTWERS
BASED ON SEASONAL
AVAILABILITY,

b

Crverview of yearly energy balance, B0% RES pathway (TWh per week)
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COMBINING REGIONAL DEMAND CURVES REDUCES VOLATILITY
Regional demand variation from average over the year
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DEMAND RESPONSE Demand Responsa’ 1o capture the

highar PV production
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INTER-REGIONAL TRANSMISSION REQUIREMENTS

LomPARED TO CURRENT
TRAHSMISSION
IMFRASTRUCTURE.

THE BEQUIREMENTS
FOR TRANSMISS1OM
CCAPACITY BETWEEM
THE PEGIONS DEFINED
I THE TECHNICAL
REFORT ARE
SIGHIFICANT.

2010 2050
Existing Capacity Total Transmission Requirements
Assuming 80% RES & 20% DR’
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INCREASE IN GRID CAPACITY

THE ROADMAP
REQUIRES
SIGHIFICANT
DEYELOPMENT
OF EUROPE'S
TRAKSM]ISSION
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ANNUAL CAPEX DEVELOPMENT

Im THE BOX KES
PATHHAY, AMNUAL
CAFEX REQUIREMEMNTS
INCREASE By BOI
PHTIL 2020 coMPRRED
o 2010 LEVEL ANMD

80% RES pathway

60% RES pathway

__40% RES pathway
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ENERGY SUPPLY IN
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COST OF ELECTRICITY

THE MIGHER CAPITAL
COST 15 GFFSET BY &
LOMER OQFERAT]IONAL
COST.

Average new built CoE from 2010to 2050, EURMW (realterms)

GENERATION

Baseline 40% RES' 60% RES 80% RES
% CCs 20% CCs 10% CCS
0% nuclear 20% nuclear 10% nuclear
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COST OF ELECTRICITY

COSTS TO CONSUMER ARE
NEARLY THE SAME

40% 60% BO%
|||| == |||I == ||||

THE KEY FIMDING FROM
AGGREGATING CAPEX. OFEX.
BACK-UPFP AHD BALAMCING
COSTS AMD GRID COSTS OVER
THE NEXT FOUR DECADES IS
THAT ALL THMREE OF THE
DECARBONISED PATHWAYS COST
HEARLY /APPROXIMATELY THE
SAME TD THWE CONSUMER.

FACTORING IN A
CO2 PRICE

RES
coz2
0-40€
o
Fossil

WHEM & COZ prICE OF 30-40
EUROS OR MORE IS INCLUDED.
THE PRICE OF THE
DECARBONIZED PATHWAYE IS5
THE SAME AS THE BASELINE
FATHWAY .

HIGH RES PATHWAYS
MEAN LOWER OPEX

Bassbine High RES

Cpax
Capex

DECARBONIZED PATHWAYS ARE
CHARACTERISED BY HIGHER
CAPITAL EXPENDITURE AND
LOWER OPERATING
EXPENDITURE AND THE
OPPOSITE I35 TRUE IN THE
BASELIME., IMEVITABLY THOSE
PATHWAYS WITH HIGHER
FOS5IL FUEL DEPENDENCE ARE
MORE SENSITIVE TO FUEL
PRICE SHOCKS OR
SIGMIFICAMT INCREASES IN
FUEL PRICES. THE
DECARBONIZED PATHWAYS ARE
NORE SENSITIVE TO
INCREASES IN WEIGHTED
COSTS OF CAPITAL AND TO
DELAYS [H ACHIEVING
EXPECTED LEAANING RATES
FOR PRE-COMMERCIAL
TECHNOLOGIES.

COST IS NOT A BARRIER TO
DECARBONIZED PATHWAYS

WE DID NOT EXPECT TO SEE
THESE RESULTS - WE CAN
CONCLUDE THAT CRITICAL
POLICY DECISIONS CAN BE
MADE OM ISSUES OTHER THANM
ON THE HIGHER CAPITAL OF
DECARBONIIED RESOURCES AND
THAT THE TRAMSMISSION
COBTS ASSOCIATED WITH HIGH
REWEWABLES PENETRATIONS
ARE NOT A SIGNIFICANT COST
BARRIER.



100%Z PATHWAY

ADDITIONAL CAPACTITY
IS5 REQUIRED Ta REACH
THE 100T REMEWABLE
ENWERGY PATHWMAY

THls 15 ACHIEVED
THEOUGH THE
ITWTRODUCTION OF
BREAELTHEODGH
TECHMOLOGIES +
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BENEFITS OF NORTH AFRICAN SOLAR

Bors twe EU-27 anD
NoRTH AFRICA WILL
BEMEFIT FEOM THELR
INTRODUCTION INTO THE

EumoPEAN EWERGY GRID

EU-27:

4

Consistent source of
renewable electrical

power

NORTH AFRICA:

4

Consistent source of
renawable electrical
O

i

MNew jobs

&

100% Renewable
enargy supply

é €

Water from solar Rewvenue source that
powered desalination  will nof run out

&8

Agriculture from new
desalination water
supply




100% RES

A& 100 BRES PATHwWAY
COULD BE ABOUT
10T MORE coOsTLY
AND BELIES on 15Z
IHPORT OF POMER
FROM HopTH AFRICA

Avenase CoE oF mew
BUILDS FROM 2010 to
2050, EUR/MMu

Average CoE
BO% pathway
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Cost Solar
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Total Generation
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Electricity)
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Back up “Additional
plants transmission
produce 144 lines
TWhiyr at
20%0R

Cost of Strengthening
Backup of EU grid
Plants

‘HVDC
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Africa to
South
Europe
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ANNUAL COST COMPARED TO EU SPENDING
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LONG-TERM EU27 GDP

GDP Increase

60% pathway

- Baseline

18
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EU 27 GDP increase
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EU27 GDP GROWTH RATE

Baseline

GDP Growth
B0% pathway
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DELAYING ACTION

ALTHOUGH [MYESTMEMT
IS5 INTTIALLY HIGH.
THE LHMUAL COST OF
DELAYIME INYESTHMENT
I8 MRCH MIGHER.

Immediate Action .~

INCREASES COSTS

Delaying 10 years

90 Billion EUR

Basaline
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DECARBONIZING THE ECONOMY SAVES MONEY

Energy cost per unit of GDP output

030 —
Energy costs continue to reduce beyond
2020 leading to improved productivity and
o5 O B i Baseline
020 —
The energy bill starts decreasing alraad',r D i
between 2010 and 2020 a P::‘;Ia:;?n zed
015
010 — = "_' —
=
005 —
0.0
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EU ENERGY NETWORK

DiaGRAMMATIC

EEPRESENTATION GF
INTEGRATED EUROPEAN

POMER GRID.

Key to Lines

$60¢4 44l
|

a

FEEH

MHuclsar
Solar Powet
CEE

Blomass

+ T T o . T — -+ _— v
Energy Network for Europe
e e
S M-y [ ) mngina
b o W
ot LY Nt

East

A et

i toiarna O

it vy s



EXISTING EUROPEAN GRID

EXISTING POWER ISTRIBUTLION
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GRID PHASING




COMPLETE GRID
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EU 2050
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THE NEW ENERGY GEID
CAN DE COMBINED
WITH THAMSPORT

AND DATA LINEKS
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EFFICTENT POST
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SYSTEM



