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A change in capex impacts the 60% RES pathway more than the 
baseline 

SOURCE: Team analysis 

Average CoE of new builds from 2010 to 20501, EUR/MWh 

Baseline  60% RES  

-7 -13 

Base assumptions 

Capex  
+25% 

-25% 
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A change in capex impacts the 80% RES pathway more than the 

40% pathway 

SOURCE: Team analysis 

Average CoE of new builds from 2010 to 20501, EUR/MWh 

40% RES  80% RES  

10 

-10 -14 

Base assumptions 

Capex  

+25% 

-25% 
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Halving the solar learning rate increases average cost by 10-15% 

Base assumptions 

Learning rate 

solar PV 

Learning rate 

all 

technologies  

-50% 

+50% 

-50% 

+50% 

80% RES pathway 60% RES pathway  

12 

-5 

-9 

-8 

12 

-12 

SOURCE: Team analysis 

Average CoE of new builds from 2010 to 2050, EUR/MWh 
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Halving the solar learning rates has a small impact of less than 5% 

on the baseline and the 40% pathway 

40% RES pathway Baseline 

2 

0 

0 

1 

5 

-2 

2 

4 

SOURCE: Team analysis 

Average CoE of new builds from 2010 to 2050, EUR/MWh 

Base assumptions 

Learning rate 

solar PV 

Learning rate 

all 

technologies  

-50% 

+50% 

-50% 

+50% 
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Catering for extreme weather conditions and different generation 

and transmission capacities have big impact on total CAPEX 

64 

53 

>100 
24 

Base 
assumptions 
(80% RES, 
20% DR) 

200 

105 

Interregional Transmission investments 

Additional generation investments 

One day no 
wind, 

 dry hydro 

Replace 25% 
solar PV by 

wind 

50% less 
transmission, 

offset by storage2 

Higher grid cost1 Low CCS plant 
flexibility 

SOURCE: Imperial College, KEMA, team analysis 

1 Increase in share of cable to 50% (post modeling adjustment) 
2 Assuming provided by pumped storage technology, cost derived based upon an estimate of $1000/kW capacity, compressed air technology would be 

a similar cost. NaS batteries ~$3000/kW Source: ESA website, paper by AIChe “Massive Electricity Storage Makes $ense”, February 2010 

Required transmission and generation investments relative to base case 80% RES, 20% DR,  
Cumulative capex, 2010-2050, EUR bn 

Storage investments 

Increased 
storage 
losses in 
operating 
costs shown 
here 
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▪  Base case 
 535 TWh/yr 
▪  Dry 

 428 TWh/yr 

In case of extreme dry and no-wind conditions, required generation 

capacity is up to ~6% higher 

Input assumptions for 

sensitivity analysis 

▪  Base case: Based on 
2008 data 

▪  Low wind 
 - 1 d of 50% less wind 
▪  No wind 

 - 1 d of no wind  
 - 3 d of no wind  

at peak demand across 
total EU-272 

New  

transmission 
capacity  

GW 

Generating 

capacity 
GW1 

1 Additional generating capacity is OCGT or thermal equivalent 
2 The probability of low or no wind conditions at peak across total EU-27 is very low.  Concurrent wind lulls of -50% were not observed at 6 major wind 

parks (Noordwijk, Blavandshuk, Veiholmen, Copenhagen, Cadiz, A Coruña) during 3 years  

Wind 

Hydro in total EU-27 
No wind 
(3d), dry 

127 

0 

0 

0 

Low wind 
(1d), dry 

80% RES,  
20% DSM 

No wind  
(1d), dry 

10 

1,785 

112 

124 

2,056 271 

+6% 

SOURCE: Imperial College, KEMA, team analysis 

Generation capacity based  
on generation model 

Additional generating  
capacity for back up 

80% RES PATHWAY, 20% DR 

Capacity 2050, GW 

Requires 
€ 39 bln 

Now 
included as 
part of the 
base case 
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Concurrent wind lulls of -50% at locations across Europe are rare 

SOURCE: Archer & Jacobsen (2005): Evolution of global wind power 

-12.5% -37.5% -25.0% -50.0% 

All location 

average1 

Location 

specific 

average2 

1 5.5 m/s 
2 Noordwijk: 7.3 m/s, Blavandshuk: 7.0 m/s, Veiholmen: 6.9 m/s, Copenhagen: 5.3 m/s, Cadiz: 4.2 m/s, A Coruña: 4.0 m/s 

Deviation of average wind speed 

n = 1,067 

Days with concurrent wind lulls at six major wind farm 

locations at peak, June 2003 to June 2006 

% 

BACK UP 
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Replacing solar PV by wind lowers balancing needs 

Transmission 

investments 
Additional generation 

capacity 
Annual operating 

cost 

105 
80% RES,  
20% DSM 

Replacement 
of 25% solar 
by wind1     

-23% 

3 

+5% 

2 

-2% 

SOURCE: Imperial College, KEMA, team analysis 

1 Replacing 25% of solar PV by wind (80% reduction in Iberia and 12% reduction in rest of Europe). Replaced by increase in on- and off-shore wind 

EUR bn 

Required France-Iberia interconnection is reduced by ~45%, 

from 45 GW to 24 GW  
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UK & Ireland 30 

Italy & Malta 25 

South East Europe 

Poland & Baltic 

Mid-Europe 

Benelux &  
Germany 

31 

Nordel 

Iberia 16 

France 10 

Required 

capacity 

GW 

Required 

energy 

TWh 

Resulting storage requirements per region2 

Total 126 47 

Effects of halving 

transmission capacity1 

▪  Curtailment of renewables 
increases from 3 to 15-20%. 
Especially solar energy from 
Iberia cannot be used 
optimally 

▪  Curtailment leads to 

insufficient generation 

▪  Mitigating options include 

–  Adding storage capacity 
(as described to the 
right) 

–  Adding/changing the 
generation capacity mix 
or moving it to other 
regions 

80% RES, 0% DR  

14 

1 Assuming a 50% reduction in capacity for transmission 
2 Excluding existing capacity (less than 10% of required capacity) 

Region 

Halving transmission capacity increases renewable curtailment and 

requires additional generation, storage can be used to avoid both 

effects 

SOURCE: Imperial College, KEMA, team analysis 
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Reduced CCS plant flexibility of 50% of today’s fossil plants has 

only minor impact on the need for additional capacity 

SENSITIVITY ANALYSIS 

Input assumptions 

for sensitivity 

analysis 

SOURCE: Imperial College, KEMA, team analysis 

80% RES, 0% DR  

Transmission 

investments 

EUR bn 

Additional 

generation 

investments1 

EUR bn 

Annual 

operating cost 

EUR bn 

Lower CCS  
flexibility 

80% RES,  
0% DSM  
base case 

0 

139 

0% 

0 

0% 

101 

2 

+2% 

RES  

curtailment 

% 

3.2 

3.9 

1 Total installed generation capacity (excl. OCGT): 1731 GW, of which CCS plant capacity 79 GW and nuclear capacity 62 GW 

Coal/gas CCS 

▪  50% lower ramp 
up and down 
rates than today 
without CCS 

▪  50% longer up 
and down times 
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Changes in grid average could double transmission cost 

Transmission investments 

EUR bn 2010-2050 

13 

127 

SOURCE: KEMA, team analysis 

50% cable4  
and 50% DC 

100 

Base assumptions1 

50% cable3 

1,000 

50% DC2 

1 Assumes 25% DC, 20% underground cable, 6% subsea 
2 With same ratio overhead line to cable and 6% sub sea 
3 With same ratio AC/DC and 6% sub sea 
4 High cable and high DC (~50%). When moving to a more DC based system, you tend to have greater cable component of longer distance DC cables instead of more 

expensive shorter distance AC cables. resulting in lower cost 

Average grid cost 

EUR/MW/km 

80% RES PATHWAY, 20% DR 
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Several uncertainties affect the optimal mix of technologies 

SOURCE: Team analysis 

Potential impact Potential mitigation Uncertainties 

Fossil fuel prices 

decrease due to 
less (global) fossil 
use 

Conventional plants become 
more attractive, making 
RES less attractive 

▪  More use of fossil plants 
(dampens this effect) 

▪  Higher CO2 price  

▪  More use of CCS 

More RES and more early 
retirements 

▪  Maintain mixed bag of 
technologies 

▪  Aim for high RES 

CCS does not 
materialize or 
nuclear is 
abolished 

Learning rates of 
(some RES) flattens 

Higher cost of electricity, 
stalling investments 

▪  More R&D investments 

▪  Higher CCS or nuclear share 

Grid extensions 
constrained 

Higher curtailment of solar 
and wind and more 
additional generating 
capacity required 

▪  Additional storage capacity or 
more flexible demand per region 

▪  Optimize balance of RES 
installed to minimize energy 
exchange 

Fossil fuel prices 
become more 
volatile 

Thermal plants less 
attractive, more economic 
shocks 

▪  Higher RES or nuclear share 

▪  Price hedging 

▪  New market pricing 
mechanisms 

NOT EXHAUSTIVE 
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Contents of the power supply deep dive chapter 

Calculation methodology for Generation and Grid 

Input assumptions of the power pathways 

Technical description by pathway in 2050 

Implications on the economics 

Sensitivities 

Energy security outputs 

Power baseline and decarbonization pathways 

Power supply in all pathways 

5 

C 
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Coal and gas demand for power generation reduces by 40 to 60% in 

the high RES pathways 

SOURCE: Team analysis 

Coal demand 

for power1 

Mtonnes per 
year 

Gas demand 

for power2 

BCM per year 

60% RES 

80% RES 

Baseline 

40% RES 

Baseline 

40% RES 

2040 2050 2020 2030 

80% RES 

2010 

60% RES 

1 Coal demand in 40% RES pathway increases after 2030 due to: increasing coal share (1 percentage point) combined with increase in total power demand;  excluding 
balancing requirements  

2 For CCGTs only, excluding balancing requirements 
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Coal and gas demand for power generation reduces by 40 to 60% in 

the high RES pathways 

SOURCE: Team analysis 

Coal demand 

for power1 

Mtonnes per 
year 

Gas demand 

for power2 

Mmmbtu per 
year 

80% RES 

60% RES 

40% RES 

Baseline 

0 

2050 2040 2030 2020 2010 

80% RES 

60% RES 

40% RES 

Baseline 8,000 

6,000 

4,000 

2,000 

1 Coal demand in 40% RES pathway increases after 2030 due to: increasing coal share (1 percentage point) combined with increase in total power demand;  excluding 
balancing requirements  

2 For CCGTs only, excluding balancing requirements 
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Coal demand 

for power1 

Indexed to 100 
in 2010 

Gas demand 

for power2 

Indexed to 100 
in 2010 

80% RES 

60% RES 

40% RES 

Baseline 
-47% 

2050 

60% RES 

2040 2030 2020 2010 

80% RES 

40% RES 

Baseline 

-49% 

1 Coal demand in 40% RES pathway increases after 2030 due to: increasing coal share (1 percentage point) combined with increase in total power demand;  excluding 
balancing requirements  

2 For CCGTs only, excluding balancing requirements 

Coal and gas demand for power generation reduces by 45 to 75% 

compared to 2010 in the 60% and 80% RES pathways 
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Methodology to calculate fossil fuel demand changes 

Calculate changes in 
fossil fuel demand 
due to efficiency 
improvements on top 
of baseline on the 
basis of GCC  

Calculate changes in 
fossil fuel demand 

due to fuel shift 
assumptions in 

buildings,. Industry 
and transport  

Calculate changes in 
fossil fuel demand due 

to the economic-
optimization of 

production choices by 
all sectors of the 

economy given new 
prices and constraints 

Oxford Economics full methodology 

GCC – efficiency only 

SOURCE: Team 
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Demand for fossil fuels across all demand sectors 
Mtoe 

Coal 

Oil  

Gas 

2050 2040 2030 2020 2010 2000 

-60 to 75% 

Baseline 

Evolution of final demand for fossil fuels in the decarbonized 

pathways 
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Total final demand for fossil fuels is reduced by  

60-80% in the pathway 

SOURCE: Team; Oxford Economics; GCC 

800 

600 

400 

200 

1,400 

1,200 

1,000 

0 

Efficiency 

Oxford  
economics 

Baseline 

Total final demand all fossil fuels 
Mtoe 

-76% 
-60% 
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Total final demand for gas is reduced 60-80% 

Total final demand gas 
Mtoe 

Efficiency 

Oxford  
economics 

Baseline 

-75% 
-60% 

SOURCE: Team; Oxford Economics; GCC 



323  

Total final demand for coal is reduced 50-80% 

Efficiency 

Oxford  
economics 

Total final demand coal 
Mtoe 

-78% 

-53% 

SOURCE: Team; Oxford Economics; GCC 
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Total final demand for oil is reduced 60-80% 

Efficiency 

Oxford  
economics 

Total final demand oil 
Mtoe 

-76% 
-62% 

SOURCE: Team; Oxford Economics; GCC 
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Total final demand of fossil fuels– Oxford 

Total final demand of fossil fuels (Mtoe) 

900 

800 

700 

600 

500 

400 

300 

200 

1,300 

1,200 

1,100 

1,000 

100 

0 

Oil  

Coal 

Gas 

2050 2040 2030 2020 2010 2000 1990 

-60% 

Baseline 

60% pathway 

SOURCE: Team; Oxford Economics; GCC 



326  

Total final demand – GCC 

2000 

Oil  

Coal 

1990 

Gas 

2050 2040 2030 2020 2010 

Total final demand of fossil fuels (Mtoe) 

-76% 

Baseline 

60% pathway 

SOURCE: Team; Oxford Economics; GCC 
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Contents 

Objectives of the European “2050 Roadmap” project 

Methodology and approach 

Energy, power and emissions baseline for EU-27 up to 2050 

Abatement requirements by sector to reach the -80% target 

Comprehensive comparison of all pathways 

Implications for the next 10 years 

Power baseline and decarbonization pathways 

Logic and approach of the power deep dive 

Power demand and assumptions for all pathways 

Power supply in all pathways 

Visionary pathway for the power sector 

1 

2 

3 

4 

5 

6 

7 

B 

A 

D 

C 
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Decarbonization of the power sector is assessed quantitatively using 

current technologies and qualitatively assuming discontinuities 

Extrapolation 

using today’s 

technologies 

Discontinuity / 

breakthrough 

▪  Assessment whether an 80% 
reduction is possible with today’s 
technologies and at what cost 

▪  Comparison of decarbonization 
pathways on economic and 
security of supply metrics 

▪  Indication of required construction 
and investments by decade 

▪  Assessment of short team 
measures that fit with the long-
term vision 

What it allows 

▪  Understanding how alternative 
futures could look like 

▪  Testing of measures for 
robustness against dramatically 
different situations 

▪  Extrapolation of energy and power 
demand from 2010 to 2050  

▪  Back-casting from 80% reductions in 
2050 to today 

▪  Applying a mix of technologies that are 
in late stage development or further 

▪  Extrapolating power generation cost 
based on learning rates that are tested 
with industry 

▪  Designing a grid with equal reliability as 
today 

What it covers 

▪  Testing potential discontinuities in 
demand and security of supply 

▪  Possible breakthrough supply 
technologies (performance, costs and 
potential) 
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One 100% RES scenario is evaluated 

Replace non-RES in 80% RES pathway 

with solar and wind  

Replace non-RES in 80% RES with CSP 

from North Africa and EGS 

Description ▪  25% less solar PV power production as in 
80% RES pathway (~14% of power 
demand) as 18% target might be too 
optimistic 

▪  Remaining gap to reach 100% RES 
penetration by 2050 is being filled up by 
wind on- and offshore in equal shares 
(~36% of power demand) 

▪  15% of total power demand in 2050 
derived from North African solar CSP that 
is being transported via extensive power 
lines to Southern Europe 

▪  Major technological breakthrough makes 
enhanced geothermal available on a 
large scale by 2050 - providing 5% of 
total power demand 

Challenges ▪  Increasing wind production volume 
compared to 80% RES pathway leads to 
technical, economical and environmental 
challenges 

▪  Sufficient research and grid investments 
▪  Sufficient construction resources 

(equipment, people, know-how) 

Cost impact ▪  Higher capex and lower opex might 
roughly offset each other 

▪  Higher share of intermittent power 
sources will make additional investments 
into grid infrastructure necessary (e.g., 
storage, balancing) 

▪  Higher grid costs due to transmission 
lines between North Africa and Europe 

▪  Capex and opex assumed to stay at 
same level for solar CSP and EGS as 
respective costs for coal and gas in 80% 
RES pathway 

SOURCE: Team analysis 

Evaluated in the report 
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1 Coal (5%), gas (5%) and nuclear power (10%) replaced by 15% solar CSP from North-Africa (~700-800 TWh (similar as Desertec) and 5% enhanced 
geothermal (assumed to be spread over the region relative to the estimated potential). CSP CoE assumes 75% improved irradiation compared to 
Iberia 

SOURCE: KEMA, Desertec, team analysis 

3 
Grid connection to  
North Africa 

90 - 95 
Total CoE in the  
100% RES scenario 

1 
Strengthening of  
EU grid 

Cost of back up plants  2 

Total generation CoE 86-90 

Additional generation  
cost solar CSP and EGS1 -2 to 3 

Average CoE  
80% pathway 

86 

Conditions 

▪  Technical and economic viability of geothermal 
▪  Technical and economic viability of CSP 
▪  Political viability of power import from North-Africa 

▪  HVDC cables from North Africa to South Europe 

▪  Additional transmission lines 

Average CoE of new builds from 2010 to 2050, EUR/MWh 

100% RES could be about €10 per MWh more costly and relies on 

15% import of power from North Africa 

▪  Back up plants produce 144 TWh/yr at 20%DR 
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1 North African onshore transmission requirements and subsea connections to the European continent, all HVDC 
2 All HVDC transmission with 20% cable and 80% overhead line 
3 Requirements in transmission reinforcements to spread the electricity across the various regions from the Centers of Gravity in Southern Europe 
4 With higher transmission in Europe, back-up requirements with demand response are lower in the 100% RES pathway, with 75 GW, compare to 95 

GW in the 80% RES pathway 

Inter-regional 
transmission 
in EU-273 

430 

Transmission 
in North-Africa 
and subsea to 
EU shore1 

Cost of back-
up capacity4 

Transmission 
from EU shore 
to Center of 
Gravity2 

Total grid and 
back-up cost 
in the 100% 
RES scenario 

-20 

Connections 
to shore for 
offshore 
windparks 

Capex of grid and additional back-up generation capacity, € billion Included in the 80% RES pathway 

Additional cost in the 100% RES scenario 

Adding stable renewable energy sources makes 100% RES 

possible at additional investment cost ~ € 225 billion 

SOURCE: KEMA, Desertec, team analysis 
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Grid investments associated with North-African CSP consist of two 

additional components 

SOURCE: KEMA, team analysis 

Centre of gravity 
N. Afr Solar CSP 

Additional grid investments, 

besides EU grid: 
▪  Transmission cost to take CSP 

from European shore to centre of 
gravity (blue) 
–  10% flows to Iberia 
–  45% flows to South East 

Europe 
–  45% flows to Italy and Malta 

▪  Transmission cost to collect CSP 
in N Africa and take it to the 
coastline of Europe (yellow) 
–  Solar CSP assumed to be on 

average 500 km from the 
coastal connection points 

All assumed to be HVDC connected 

A 

B 

Italy and 

Malta 

South East 

Europe  

Iberia 

A 

B 

Libya Egypt 

Morocco 
Tunisia  
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Grid investments associated with North-African CSP consist of two 

additional components 

SOURCE: KEMA, team analysis 

Centre of gravity 
N. Afr Solar CSP 

Additional grid investments, 

besides EU grid: 
▪  Transmission cost to take CSP 

from European shore to centre of 
gravity (blue) 
–  10% flows to Iberia 
–  45% flows to South East 

Europe 
–  45% flows to Italy and Malta 

▪  Transmission cost to collect CSP 
in N Africa and take it to the 
coastline of Europe (yellow) 
–  Solar CSP assumed to be on 

average 500 km from the 
coastal connection points 

All assumed to be HVDC connected 

A 

B 

Italy and 

Malta 

South East 

Europe  

Iberia 

A 

B 

Libya Egypt 

Morocco 
Tunisia  
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1 Based on a WACC of 7% (real after tax), computed by technology and weighted across technologies based on their production; including grid. LCoE 
ranges are based on: Carbon price from €0 to 35 per tCO2e; Fossil fuel prices: IEA projections +/- 25%; Learning rates: default values +/- 25% 

Baseline 

Average of decar- 
bonized pathways 

Estimated 100% 
RES scenario 

Ranges of the levelized cost of electricity of new builds1,  
€ per MWh (real terms) 

The LCoE of the 100% RES scenario could be 5 to 10% higher than 

the one of the average decarbonized pathways 

SOURCE: Team analysis 
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Various visions exist that could facilitate achievement  

of the 2050 reduction target  

Details follow 
Visions Description 

▪  Breakthrough of (dispatchable) RES technologies reduce grid issues and 
allow CO2-free power production (e.g., solar CSP from North Africa could be 
able to provide 15% of power demand in 2050 when sufficient grid and cost 
reductions are achieved; focused research investments could make enhanced 
geothermal provide significant share of total power demand in 2050) 

▪  Breakthrough in solar PV brings costs down even further  

Supply breakthroughs 

▪  Breakthrough in capturing/processing of CO2 (e.g., geo-engineering or 
extracting carbon directly from the air) 

▪  Economy could simply follow a similar pathway with limited changes in 

current way of living: increase in energy demand, continued use of fossil 
fuels on the supply side, no need for any behavioral change 

Breakthrough in 

avoiding climate 
change 

▪  Buildings demand for electricity decreases radically through aggressive DSM 

and high penetration of heat pumps reduce the emissions from buildings to 
negligible levels 

▪  Industry shifts towards low/zero emitting processes (e.g., biofuels in petro-
chemicals, new processes for cement and steel production, etc.) resulting in no 

need for fuel shift and no CCS requirements  

▪  Higher penetration of biofuels in transportation from algae breakthrough 
leads to attractive economics and reduced need for EVs 

Demand breakthroughs 

SOURCE: Team analysis 

Negative flip-side pathways need to 
be tested, but not as visionary pieces 
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There are several promising technologies under development 

1 Enhanced Geothermal Systems  2 Concentrated Solar Power  3 Very large potential past 2050; build-up of 15 plants until 2050 

SOURCE: Team analysis 

EU potential Technology  

EGS1  

Nuclear 
fusion  

Others 

> 1,000 TWh 

100 - 1,000 TWh3 

Description 

▪  Injection of high pressure water into stressed zone of hot dry rock 
reservoir leads to fractures. Heat is transferred to water that is used 
for power generation and then reinjected back into reservoir 

▪  Fusion of light atoms in a plasma. Plasma heat is transferred to 
blankets and diverter which then can be transferred to a 
conventional heat exchanger 

▪  Nuclear Gen IV 
▪  Solar: e.g., solar chimney, solar power satellite 
▪  Biomass: algae or elephant grass 
▪  Gravitational: piezoelectric elements or wheels on mounted on the 

ground that transform vibrations 
▪  Other wind: e.g., flying windmills, up to 15 km high to capture jet 

stream 
▪  Nanotechnology: e.g., micro turbines or solar cells in house paint 

▪  Wave: energy from surface waves by special mechanical devices 
▪  Tidal: kinetic energy from moving water or potential energy from 

height difference between tides 
▪  Ocean thermal: use of temperature difference of ocean water layers 

▪  Salinity gradient: salt concentration difference between river and 
sea 

Ocean 
techno-

logies 
100 - 1,000 TWh 

100 - 1,000 TWh 
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Description and status 1 Future potential 2 

Key barriers 4 Current cost and expected future development 3 

SOURCE: Shell; SETIS; NREL; Deutsches Zentrum für Luft- und Raumfahrt; IEA Energy Technology Perspectives; GeothermEx, Inc.; 
DOE; EGS Energy 

▪  Description:  
–  Traditional geothermal power systems only exploit 

resources, where naturally occurring water and rock 
porosity is sufficient to carry heat to the surface  

–  EGS technologies "enhance" and/or create 
geothermal resources in hot dry rock through 
hydraulic stimulation 

–  Non-intermittent 
–  Status: 
–  First commercial EGS plant operating in Landau  

 (3 MW) 

Enhanced geothermal energy has potential  

of >2,000 TWh in Europe 

▪  Geographies with highest potential in Europe: 
Northern Spain, Southern France, North-West Italy, 
Cornwall (Britain), Eastern Europe 

▪  Commercial availability: 2020 
▪  Estimated European resources (TWh/year):  

 > 2,000 (depending on source - prime sources only or 
overall potential) 

▪  Economic: 
–  High upfront investments combined with high risk of 

early resource depletion 
–  Availability of construction equipment and work force 

very limited 
▪  Others: 

–  Public resistance due to emissions and potential 
earthquakes/earthmovements (e.g., subsurface in the 
city center of Staufen, a Southern-German city, is 
moving up by 1 cm per month probably due to 
geothermal drillings) 

▪  Current cost (EUR/kW): 
–  CAPEX: currently ~5000 EUR/kW as seen at first 

commercial EGS plant in Landau, Germany 
(depending on well depth) 

▪  Future development (EUR/kW): 
–  CAPEX: 3500-4500 EUR/KW (Target capex for 2015) 
–  OPEX: 60-120 EUR/KW/yr  
–  Learning rate: 2.5% p.a. 

▪  Load factor: 82% 

ROUGH ESTIMATES 
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Enhanced geothermal systems have a potential  

of up to 20,000 TWh/year in Europe 

Description of most common technology  Economics and potential  

▪  Technology 

▪  Although the deeper crust and interior of the Earth is universally hot, it lacks 
two of the three ingredients required for a naturally occurring geothermal 
reservoir: water and interconnected open volume for water movement 

▪  Producing electricity from this naturally occurring hot, but relatively dry rock 
requires enhancing the potential reservoir by fracturing, pumping water into 
and out of the hot rock, and directing the hot water to a geothermal power 
plant 

▪  Research applications of this technology are being pursued in the US, France 
(Soultz), Australia, and elsewhere 

▪  Capex (EUR/kW, 2010) 

▪  Fixed Opex (EUR/kW, 2010) 

▪  Load factor (percent) 

▪  Lifetime (equipment) 

▪  Overall European resources (TWh/year) 

▪  European resources by region (in percent of total resources) 

▪  Main barriers:  
–  High upfront investments combined with high risk of early resource depletion 
–  Public resistance due to emissions and potential earthquakes/

earthmovements (e.g., subsurface in the city center of Staufen, a Southern-
German city, is moving up by 1 cm per month probably due to geothermal 
drillings) 

–  Availability of construction equipment and work force very limited 

SOURCE: UDI; DOE; EIA; MIT; NREL; RWE; team analysis 

Examples of current projects   

3,500 - 4,500 

60 - 120 

82 

30 

>2,000 

–  SE3  : 10 

–  ME4  : 10 

–  Baltic  : >5 

–  Nordic  : >5 

–  Iberia  : <5 

–  UK  : <5 

–  EE1  : 30 

–  France  : 15 

–  CE2  : 15 

Location  Company  Status  Size (MW)  

Switzerland IWB Planned 5 

Australia Geodynamics Planned 40 

Italy (11 projects at 6 
different locations) 

Enel Planned >340 

1 Eastern Europe    2 Central Europe    3 Southern Europe    4 Central Europe 

ROUGH ESTIMATES 
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Description and status 1 Future potential 2 

Key barriers 4 Current cost and expected future development 3 

SOURCE: McKinsey Knowledge Effort on Nuclear Fusion 

▪  Description:  
–  Process of energy generation of the sun – fusion of 

light atoms (Deuterium and Tritium) in a plasma; the 
plasma heat is transferred to the blankets and divertor 
and this can be transferred to a conventional heat 
exchanger; unlimited fuel 

–  Non-intermittent 
–  Physics/economics favor large sizes (1,5 – 3,0 GWe) 
–  Capactiy factor: 75%; lifetime 40 years 

▪  Status: 
–  Creation of plasma and fusion proven hence not 

sustainable yet; Pilot plant (ITER) under construction 
in Cadarache-France (without the conventional part, 
i.e. no electricity will be produced) 

Nuclear fusion has a potential of 300 TWh  

in Europe in 2050 

▪  Geographies with highest potential in Europe: All of 
Europe feasible, limited by technical capabilities and 
infrastructure 

▪  Commercial availability: > 2035 
▪  Potential (TWh/year):  

–  2020:  
▫  0 

–  2030:  
▫  0 

–  2050: 
▫  Limited by speed of rollout; e.g. 15 plants in 15 

years would add up to 300 TWh production 

▪  Technology: 
–  Highly complex system 
–  Divertor, blanket, first wall with large technological 

challenges and material sustainability challenges due 
to heat, to be proven 

▪  Economic: 
–  Large capex per plant required; for 3 GWe plant 7-12 

billion EUR initial investment per plant 
▪  Waste: 

–  Production of low level nuclear waste 

▪  ~2035 cost (EUR/kW): 
–  ~5000 
–  8% learning rate 

▪  Future development (EUR/kW) – target cost: 
–  2500 EUR/kWe (64th plant) 

▪  OPEX 
–  10-15 EUR/MWh 

ROUGH ESTIMATES 
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Description and status 1 Future potential 2 

SOURCE: SETIS; MacKay; IsleNet; European Ocean Energy Association; IEA Energy Technology Perspective; McKinsey knowledge initiative on 
wave and tidal; expert interview; team analysis 

▪  Description:  
–  Energy is withdrawn from surface waves by special 

mechanical devices (e.g., terminator, point absorber) 
–  Better load predictability than wind and/or solar 

(ocean measurement/forecasting techniques over 
long distances need to be developed/implemented) 

–  Intermittent 
–  Load factor: 20 - 45% (depending on location) 
–  Lifetime: ~ 20 years; Size per unit: 10 kW - 2 MW 

▪  Status:  
–  No commercial-scale projects operating yet (~ 4 MW 

total installed European pilot plants in 2008) 
–  50 types of wave energy converters designed, but 

only 10 at full scale prototype stage 

Wave energy has an estimated potential  

of <800 TWh/year in Europe 

▪  Geographies with highest potential in Europe: 
Norway, Scotland, Ireland 

▪  Commercial availability: 2020 
▪  Estimated global economically exploitable resources 

(TWh/year): < 2,000 (up to 800 in Europe) 
▪  Expected build-up of production (TWh/year): 

–  2020: 
▫  2 - 40 (SETIS, Europe) 
▫  4 - 10 (McKinsey; worldwide) 

–  2030: 
▫  3 - 64 (SETIS, Europe); > 30 TWh (expert) 
▫  5 - 50 (McKinsey; worldwide) 

–  2050: up to 400 (worldwide) 

▪  Technology: 
–  Appropriate grid infrastructure is main barrier for wave 

technology 
–  Slow technology learning 

▪  Suitable locations: 
–  Potential conflicts for use of coastal space with other 

maritime activities 
▪  Cost: 

–  High O&M cost 

▪  Current cost (EUR/kW): 
–  CAPEX: 2,500 - 7,000 (site- and technology-specific) 
–  OPEX: Very high - could account for 50% of entire 

cost 
▪  Future development (EUR/kW): 

–  2020: 
▫  CAPEX: 2,000 - 5,500 (20% cost reduction until 

2020 - Carbon Trust) 
–  2030: 
▫  CAPEX: 1,500 - 3,500 

–  2050: 
▫  CAPEX: 1,500 - 2,500 1 Average CAGR as of SETIS' and McKinsey's high pathways from 2020 - 2030 (~10%) applied to 50 TWh of McKinsey's high pathway potential in 

2030 

ROUGH ESTIMATES 

Key barriers 4 Current cost and expected future development 3 
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Description and status 1 Future potential 2 

▪  Description:  
–  Two main categories of tidal power systems 
▫  Tidal current systems make use of the kinetic 

energy of moving water to power turbines 
▫  Tidal barrage systems use of potential energy in 

height difference between high and low tides  
–  Intermittent 
–  Better load predictability than wind and/or solar 
–  Lifetime: 25 years (tidal current); > 50 years (tidal 

barrage) 
▪  Status: 

–  Tidal current: commercial scale prototypes (~ 2 MW 
total installed European pilot plants in 2008) 

–  Tidal barrage: 1 operating plant in France (240 MW) 

Tidal current energy has an estimated potential  

of 50 - 100 TWh/year in Europe 

▪  Geography with highest potential in Europe: Scotland 
▪  Commercial availability: 2015 
▪  Estimated global resources (TWh/year): 

–  Tidal current: > 800 (50 - 100 in Europe) 
–  Tidal barrage: > 300 

▪  Expected build-up of production of tidal current 
(TWh/year):  
–  2020:  
▫  4 - 9 (McKinsey) 

–  2030:  
▫  4 - 21 (McKinsey) 

–  2050: ~ 100 (worldwide) 

▪  Technology: 
–  Development of commercial projects 
–  Development of site-independent technologies 
–  Reliability and durability of components in harsh 

weather conditions 
▪  Suitable locations: 

–  Mapping potential sites/resource assessment 
–  Potential conflicts for use of coastal space with other 

maritime activities 
–  Very limited number of sites account for majority of 

tidal stream potential 

▪  Current cost (EUR/kW): 
–  CAPEX tidal current: 4,500 - 7,000 
–  CAPEX tidal barrage: 1,500 - 2,500 

▪  Future development (EUR/kW) (target cost): 
–  2030:  
▫  CAPEX tidal current: 3,500 - 5,500 
▫  CAPEX tidal barrage: 1,000 - 2,500 

–  2050: 
▫  CAPEX tidal current: 2,500 - 4,000 
▫  CAPEX tidal barrage: 1,000 - 2,000 

ROUGH ESTIMATES 

SOURCE: IEA OES; IEA Energy Technology Perspective; IsleNet; McKinsey knowledge initiative on wave and tidal; expert interview; team analysis 

Key barriers 4 Current cost and expected future development 3 
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Description and status 1 Future potential 2 

SOURCE: IEA OES; NREL 

▪  Description:  
–  Uses temperature difference between deep and 

shallow waters (needs to be > 20°C)  
–  Open-cycle systems boil tropical oceans' warm 

surface water in low-pressure container to rotate 
turbine and generate electricity 

–  Closed-cycle systems use fluid with a low boiling 
point to rotate turbine and generate electricity 

–  Hybrid-cycle systems combine open-/closed cycle 
–  Non-intermittent 
–  Lifetime: 30 years 

▪  Status: 
–  Advanced stage of R&D (test plant e.g. on Hawaii) 

Ocean thermal energy has no potential at all in  

Europe, as water temperature differences are too low 

▪  Geography with highest potential: India, Asia; none in 
Europe 

▪  Commercial availability: > 2030 
▪  Estimated global resources (TWh/year): 10,000 (none 

in Europe) 
▪  Expected build-up of production (TWh/year):  

–  2020:  
▫  0 

–  2030:  
▫  0 

–  2050: 
▫  0 

▪  Technology/environment:  
–  Lack of experience from a larger number of full-scale 

sea-trials on performance and environmental impacts 
–  Electrical grid connection and capacity constraint 

challenges 
–  High reliability and durability of components in harsh 

weather conditions 

▪  Current cost (EUR/kW): 
–  TBD 

▪  Future development (EUR/kW): 
–  TBD 

ROUGH ESTIMATES 

Key barriers 4 Current cost and expected future development 3 
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Description and status 1 Future potential 2 

SOURCE: IEA OES; NREL; IsleNet 

▪  Description:  
–  Energy is retrieved from difference in salt 

concentration at river-sea interfaces 
–  Non-intermittent;  
–  Lifetime: 20 – 50 years 

▪  Status: 
–  Early stage of development 
–  Few preliminary laboratory-scale experiments have 

been developed  
–  First commercial salinity gradient power plant taken 

into operation in November 2009 by Statkraft (~3 kW) 

Salinity gradient energy has an estimated potential  

of ~200 TWh/year in Europe 

▪  Geography with highest potential in Europe: Rhine 
region, Norway 

▪  Commercial availability: > 2020 
▪  Estimated resources (TWh/year):  

–  Global: ~1,700 
–  Europe: ~ 170 

▪  Current cost (EUR/kWh): 
–  TBD 

▪  Future development (EUR/kW): 
–  TBD 

▪  Target cost (EUR/MWh): 
–  70-100 
–  Capex/opex split unclear 
–  Opex: driver for cost is replacement of membranes 

▪  Load factor 
–  Plant supposed to operate 8760 hours per year, 

partially with reduced load, to clean parts of the 
membranes 

▪  Technology/environment:  
–  Lack of experience from a larger number of full-scale 

sea-trials on performance and environmental impacts 
–  Development of semi permeable membrane with high 

efficiency and durability 
–  Currently large investment cost 

ROUGH ESTIMATES 

Key barriers 4 Current cost and expected future development 3 
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Description and status 1 Future potential 2 

▪  Description: 
Building on Gen III, further research conducted to 
improve nuclear safety, improve proliferation resistance, 
minimize waste and natural resource utilization 

▪  Thermal reactors 
–  Very-high-temperature reactor (VHTR) 
–  Supercritical-water-cooled reactor (SCWR) 
–  Molten-salt reactor (MSR) 

▪  Fast reactors 
–  Gas-cooled fast reactor (GFR) 
–  Sodium-cooled fast reactor (SFR) 
–  Lead-cooled fast reactor (LFR) 

▪  All under research, commercial availability expected past 
2035 (VHTR possibly around 2025) 

Others - Nuclear Gen IV could have almost unlimited  

potential in Europe in the long-term 

▪  In the long-term, almost unlimited potential 
▪  100-300 times more energy yield from the same amount 

of nuclear fuel, therefore fuel availability expected  
>1000 years 

▪  Nuclear waste that lasts decades instead of millennia 
▪  The ability to consume existing nuclear waste for 

production of electricity 
▪  The VHTR is also being researched for potentially 

providing process heat for hydrogen production. The fast 
reactors offer possibility to burn actinides to further 
reduce waste and be able to breed more fuel than they 
consume 

▪  Technological – Material research to be conducted as 
higher pressures and temperatures and high neutron flux 
pose additional challenges (some overlap with fusion 
research) 

▪  Environmental – Amounts of nuclear waste produced by 
reactor will reduce (but not to zero) 

▪  System issues (grid, storage) – none; possible issues  
in high RES case due to limited flexibility 

▪  Energy security – limited, import Uranium from outside 
Europe 

▪  Public acceptance – proliferation and safety concerns 

▪  Current cost (EUR/kW): 
–  Not available yet, target is to become cost competitive 

with Gen III nuclear power plants or even better 

SOURCE: European Environmental Agency Technical Report 2009; Nordic Energy Solutions; IEA Energy Technology Perspectives 

Key barriers 4 Current cost and expected future development 3 

ROUGH ESTIMATES 
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Description and status 1 Future potential 2 

▪  Description:  
–  Wind turbine(s) mounted on a floating platform 
–  Hybrid: floating offshore wave power plant also 

serves as a foundation for wind turbines 
–  Intermittent 
–  Lifetime: 25 years 

▪  Status: 
–  Technology still in investment and testing phase 

("embryonic state")  
–  In Europe, two floating offshore wind farm concepts 

are being developed deep water (200 to 300 metres) 
both based on wind turbines of 3 - 5 MW 

Others - Offshore floating wind energy has an  

estimated potential of up to 3,500 TWh/year in Europe 

▪  Geographies with highest potential in Europe: 
Denmark, UK, France 

▪  Commercial availability: > 2020 
▪  Estimated European offshore wind potential (TWh/

year): 3,500 

▪  Technology: 
–  Electrical grid connection  
–  High reliability and survivability of components in 

harsh weather conditions 

▪  Current cost (EUR/kW): 
–  ~ 20,000 (StatoilHydro pilot project of 2.3 MW turbine 

with costs of EUR 43 Mio.) 
▪  Future development (EUR/kW): 

–  TBD 

ROUGH ESTIMATES 

SOURCE: European Environmental Agency Technical Report 2009; Nordic Energy Solutions; IEA Energy Technology Perspectives 

Key barriers 4 Current cost and expected future development 3 
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Others - various other breakthrough technologies  

have been explored (1/2) 

Solar ▪  Solar 
updraft 
tower 

▪  Low efficiency compared to 
other solar technologies 

▪  Durability (e.g., against 
storms) 

Piloted ▪  Air is heated by sunshine around base of 
tall chimney 

▪  Resulting convection causes rising airflow 
to rise through updraft tower and drive 
turbines to produce electricity 

▪  Solar 
power 
satellite 

▪  Technical complexity 
▪  Launch costs 
▪  Safety issues (e.g., misuse 

of microwave beams) 

Idea ▪  Satellites in geostational orbit (~36,000 
km height) with large solar collectors 
produce electricity 

▪  A microwave beam is used to transmit 
energy from satellite to antenna on earth 

Biomass 
▪  Microbial 

fuel cells 
▪  Not suitable for large scale 

plants but interesting where 
biomass is available (e.g., 
breweries) 

Being tested 
in very small 
scale (e.g., to 
power light 
bulb) 

▪  Use catalytic reaction of microorganisms 
to transform chemical to electrical energy 

Being tested ▪  Algae, 
bamboo 

▪  Fast growing bamboo or algae burned 
and converted into steam to generate 
power - potential to overcome biomass 
supply problem 

▪  Growing process for 
biomass 

▪  Public support 

▪  Limited due to lack of 
sunlight in Europe 

Major barriers 

Current 
status Description Technology 

ROUGH ESTIMATES 
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Major barriers 

Current 
status Description 

Gravitational ▪  Piezo-
electric 
sensors, 
spinning 
wheels 

▪  Sensors or spinning wheels are 
integrated into ground to absorb 
vibrations from, e.g., cars and footsteps 
of people and turn it into power 

▪  Technical complexity 
▪  Limited power generation 

potential 

Idea/early 
testing phase 

Wind 
▪  Kites / 

flying 
windmills 

▪  Technical complexity 
▪  Durability in harsh weather 

conditions 

Being tested ▪  Power generating windmills are put up to 
15 km in the air, where strong and 
constant jet stream winds can be used as 
source for huge amount of energy 

Nano 
▪  Turbines 

or solar 
cells in 
house 
paint 

Idea ▪  Technical complexity ▪  Micro turbines or solar cells used in 
house paint to generate power for 
respective building 

Technology 

SOURCE: Team analysis 

Others - various other breakthrough technologies  

have been explored (2/2) 

ROUGH ESTIMATES 
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The Oxford Economics macro-economic model is used  

to asses the impact of power pathways on the economy 

SOURCE: Team analysis 

  Energy demand, efficiency 

  Power demand, efficiency 

  Power generation supply 
over time according to 
different pathways 

  Costs for power over time 

  Costs for shifting to EVs, 
biofuels and heat pumps 

  Employment by unit of 
energy  

  Policy assumptions 

Inputs to the model Outputs from the model 

▪  Economic performance 
–  GDP by pathway 
–  Decomposition of GDP 

changes, e.g., new 
sectors, higher prices, etc. 

–  EU competitiveness 
–  Overall energy prices and 

inflation 
–  Employment in new 

sectors and overall 

▪  Carbon shadow prices 
required to trigger the 
projected energy investment 

Oxford  

macroeconomic 

model 
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The impact on the economy is assessed by a macro-economic 

equilibrium model 

SOURCE: Oxford Economics  

Assess impact on energy 
prices and direct effect 

on cost of energy, 
including CO2 cost 
necessary for fuel shift 

Assess 2nd round 
effect on the price of 
non-energy 
intermediate inputs 
to production 

Assess scope for 
substitution effect 
of factors of 
production 

Supply shock 
Assess the overall 
impact of higher 

cost on firms’ 
supply decisions, 
which determines 
the supply curve 

Demand shock 

Impact on energy prices Impact on other costs Substitution effect 

Overall 
impact  

on EU GDP 

Impact on interme-
diate domestic 

demand for goods  
and  services  
(bought by busi-
nesses in Europe) 

Impact on final 
domestic demand 
for goods and 
services (bought by 

consumers in 
Europe) 

Impact on price 
competitiveness of 
exported goods and 
services due to change 
in cost 

Input by pathway: 
CoE, capex and 

opex for generation 
and grid, fuel shift in 
transport, buildings 

and industry 

Effect of stimulus 
investments not 

taken into account1 

1 Government or industry direct investments (e.g., stimulus packages) have a temporary effect on demand and jobs. An equilibrium model does not 
account for those as it is expected that over the longer run, the positive effect is offset by monetary or inflation effects 
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Macro economics analysis: key insights from the EU 2050 analysis 

▪  Transitioning to a decarbonized economy has relatively little impact on GDP (between -0.2% and + 
1.8%) 

▪  In the decarbonized pathways, the energy productivity is higher than in the baseline 

▪  Early investments in low-carbon technologies could result in increased European clean tech exports. 
This could contribute € 25 billion per year to the GDP until 2020 

▪  Employment in the fossil fuel supply-chain (oil, gas and coal) would reduce in case the European 
fossil fuel production reduces with demand. The job losses could amount to 260,000 jobs by 2020. 
Jobs could be created in the clean tech sector (potentially 200, 000 jobs) and the efficiency sectors 
(potential 220,000 jobs) 

▪  After the transition, the EU27 economy will be more resilient to fossil fuel price fluctuations, thanks to 
a more diversified primary energy supply chain 

▪  If inadequate policy or market failures prevent the achievements of the desired efficiency 
improvements, GDP would be up to € 300 bln per year lower by 2050, eroding the benefits energy 
productivity improvements 

▪  A 25% higher cost of electricity would depress GDP by about € 200 bln per year 

▪  History shows that large innovation episodes can be accompanied by spill-over effects across the 
wider economy, which can add an additional 0.2-1.9% per year to GDP growth. This would apply to 
decarbonization only if the CoE reduces significantly below what has been assumed in this project 

SOURCE: Team analysis 
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EU-27 GDP growth 

SOURCE: Oxford Economics 

Percent 

0.5 

3.0 

2.5 

2.0 

1.5 

1.0 

GDP growth rates are very similar in the baseline and the low-

carbon pathway 

Baseline 

Decarbonized pathways 

Clean tech 
exports push up 

growth  

Intervention 
may mitigate 
the effects of 

higher 
electricity costs 

The economy is more 
energy productive, 
uses less oil and is 

more resilient to fuel 
price fluctuations 

Annual growth (%) 
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EU-27 GDP 

SOURCE: Oxford Economics 

GDP (EUR bn) 

24,000 

22,000 

20,000 

18,000 

16,000 

14,000 

12,000 

2050 2040 2030 2020 2010 

+2% 

GDP remains similar in the baseline and pathways 

60% pathway 

Baseline 
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EU-27 GDP growth 

SOURCE: Oxford Economics, team analysis 

Capex investments may affect short term business cycles 

- Large capex investment 
would contribute to the 
business cycle 
- Caused by ‘stickiness’ of 
markets, which do not 

adapt instantaneously to 
structural changes in the 
economy (in our case the 
transformation of the power 
sector) 
- four phases: 
i) expansion (increase in 
production and prices); (ii) 
crisis (stock exchanges 
crash and multiple 
bankruptcies); (iii) 
recession (drops in prices 
and in output, high interests 
rates);  
(iv) recovery (stocks 
recover because of the fall 
in prices and incomes).  

Short-term 
business cycle 
(qualitative) 

1.0 

1.5 

0.5 

2.0 

2.5 

3.0 

Percent 

baseline 

60% pathway 
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High renewables pathway 

SOURCE: Oxford Economics; team analysis 

Overall GDP differences are small and mostly positive in the high 

renewables pathway  

NOTE: Efficiency and fuel shift investment includes all efficiency levers from McKinsey cost curves (excluding what already in the baseline), further 
penetration of heatpumps in residential and industry and the slow penetration of EVs 

Long-term positive 
effect driven by 
higher energy 

productivity and 
less oil / fossil fuel 

dependency 

2010 2030 2050 

Difference from the baseline 

Short-term negative effect 
due higher energy prices, 

partly compensated by 
clean tech exports 
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NOTE: Energy prices are a weighted average of prices faced by consumers weighted by the shares of consumption of different fuels 

Energy cost per unit of GDP output, € (real terms) 

Decarbonized 
pathways 

Baseline 

2050 2040 2030 2020 2010 2000 

-25% 

-15% 

Lower energy cost in the 
decarbonized pathways due to 
improved productivity and less 
GHG emissions which reduce 
the impact of the carbon price 

Energy cost decreases in the baseline, but even more so in the 

decarbonized pathways 
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Energy cost per unit of GDP would increase less in the decarbonized 

pathways if efficiency and fuel shift is realized 

NOTE: Energy prices are a weighted average of prices faced by consumers weighted by the shares of consumption of different fuels 

Energy cost per unit of GDP output, EUR (real terms) 

Decarbonized 
pathway 

Baseline 

-24% 

-8% 

Already by 2020 the overall 
energy bill for the economy 
starts decreasing 

Lower energy cost implies improved 
productivity and competitiveness across 
the economy 

Alternative slide 
with other energy 
inflation factor 
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Contribution to GDP (real EUR billion) in each year 

Clean-tech exports could amount to € 250 bln by 2020 

2040 2020 2030 2010 

SOURCE: Oxford Economics 

NOTE: EU-27 assumed to provide 50% of capex requirements of the rest of the world between 2010 and 2015. After 2020, EU-27 advantage in clean-
tech erodes and EU share of capex goes down to 10% by 2050 

2050 

The cumulated value of clean tech exports 
over the first decade is €250 bn 

(approximately 5 additional “Siemens” and 
3 additional “Iberdrolas”) 

Contribution of clean tech exports to GDP in the high renewables pathways 
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NOTE: Efficiency and fuel shift investment includes all efficiency levers from McKinsey cost curves (excluding what already in the baseline), further 
penetration of heat pumps in residential and industry and the slow penetration of EVs 

2010 2020 2030 

Jobs linked to efficiency and fuel shift investment 

Jobs for additional power capacity (RES+grid) 

Jobs in coal, petroleum, gas and oil supply chain 

Job variations in the decarbonized pathways in ‘000s 
Difference from the baseline 

-260 

+420 

The reduction of employment in the fossil fuel supply chain is more 

than compensated by employment in renewables and efficiency 

SOURCE: Oxford Economics; team analysis 
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EU-27 GDP– effect of a simulated oil price spike  

SOURCE: Oxford Economics 
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Decarbonized  
pathway – price shock 

-1.4 

-1.0 

-0.6 

1.0 

0.4 

0.2 
Baseline - price shock 

-1.8 

-1.2 

The economy in the decarbonized pathway would be more resilient 

to a recession ignited by a spike in fossil fuel prices 

2010 

NOTE: fossil fuel price shock is generated by a spike in oil prices, gas and coal prices, all doubling in real terms in 2020 for 3 years 

2020 2030 

Difference in GDP (%) from non shocked GDP path – for each year 

€ 300 bln losses 
avoided over the crisis 

Effect of a 
simulated fossil 

fuel spike 
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Sensitivities on fossil fuel prices are run on the basis of IEA’s 

assumptions 

In the pathways 

demand for fossil 

fuels is reduced 
by 60-70% 

Fossil fuel 
producers are 
not able to 
reduce supply 
strongly enough 

IEA projections 

Fossil fuel 
producers 
manage to 
reduce supply 
drastically 

Fossil fuel 
prices would 
decrease 
substantially 

Fossil fuel 
prices increase 
substantially 

Sensitivity analysis: 

IEA projections +/-50% 
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Oil prices  

SOURCE: Oxford Economics 

$ per barrel – real 2008 US$ 
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Sensitivity analysis is based on higher and lower oil prices  

2010 2030 2050 

The 100% difference in 
oil price is built up 
gradually between 
2010-50 

Higher oil price shock 
can be thought of as a 
peak oil world where the 
marginal cost of 
extraction increases 
significantly over time 

Lower oil price shock is 
a world in which new 
techniques make oil 
extraction a lot cheaper 
or geopolitical conditions 
improve drastically 

NOTE: in the lower oil price scenario switch to EVs needs to be forced in the model as not any longer economical 
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EU-27 GDP 

SOURCE: Oxford Economics 

Percent difference from baseline/pathway 
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The pathway is more resilient to a gradual doubling of fossil fuel 

prices and benefits less from a gradual halving of prices 

NOTE: in the sensitivity fossil fuel prices gradually become 100% higher (or lower) by 2050  
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Efficiency: halving achievements, doubling cost1 

1.0 

-0.5 

-1.0 

2.0 

1.5 

0.5 

-€300 
 bn/yr 

1 Doubling nominal cost of all efficiency improvements (Industry, buildings and EVs); halving efficiency improvements in industry and buildings. 

EU-27 GDP difference from the baseline (%) 

LCoE: 25% higher LCoE levels 

2.0 

1.5 

1.0 

2040 2030 2050 

-0.5 

-1.0 

0.5 

2020 2010 

-€200 
 bn/yr 

Lower efficiency or higher LCoE reduce GDP by €200-€300 billion 

by 2050 

Efficiency and LCoE  
sensitivities 

Decarbonized  
pathway 

SOURCE: Oxford Economics, team analysis 



365  

EU-27 GDP – overall energy intensity of the economy – average % improvements 

SOURCE: Oxford Economics 

Assumptions to model impact of doubling cost and halving 

efficiency improvements in industry and buildings compared to 

baseline 

% improvement in final energy consumption per unit of GDP 

2030-50 

1,6% 

1,3% 

2,0% 

2010-30 

1,9% 

1,3% 

2,6% Low efficiency sensitivity 

Decarbonized pathways 

Baseline 

NOTE: Low efficiency sensitivity is obtained by doubling nominal cost of all efficiency improvements (Industry, buildings and EVs) and halving efficiency 
improvements in industry and buildings. 
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EU-27 GDP – efficiency sensitivity: halving achievements and doubling cost 

SOURCE: Oxford Economics 

1.5 

1.0 

-1.5 

2.0 

2.5 

-2.0 

-1.0 

0.5 

-0.5 

Decarbonized pathway 

Effect of lower efficiency 

€300 bln/yr 

At half efficiency improvements and double the cost, GDP would be 

€300 bln lower by 2050 

NOTE: Doubling nominal cost of all efficiency improvements (Industry, buildings and EVs); halving efficiency improvements in industry and buildings. 

GDP difference from the baseline (%) 

Failure to achieve 
the efficiency 
improvements 
could erode 

productivity benefits 

Not achieving efficiency 
improvements early on would 
cost € 50 bln a year by 2020 
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EU-27 GDP – COE sensitivity: 25% higher COE levels 

SOURCE: Oxford Economics 
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Pathway with COE +25% 

2050 2030 

-EUR 200bn 

If the COE was to be 25% higher than assumed in the pathways, GDP 

would be 1% lower by 2050, a € 200 bln per year difference 

GDP difference from the baseline (%) 

Higher COE would erode 
the early competitive 

advantage in clean tech 
and some of  the longer 

term productivity benefits 
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Baseline 

Pathways 

Percentage of renewables in total electricity generation - 2050 

Note: Renewables include hydroelectric power 

SOURCE: IEA WEO 2009, team analysis 

US 

China 

India 

Other countries 

Both clean tech export and general competitiveness advantage 

depend on actions outside Europe:  share of renewables across the 

world are based on IEA WEO 2009 ‘450 scenarios’ 
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EU-27 GDP – difference from baseline 

SOURCE: Oxford Economics 

2028 

Assuming low  
clean tech exports 

Decarbonized pathways 

2026 2018 

0.25 

2030 

0.15 

0.20 

0.40 

-0.05 

0.30 

-0.15 

0.05 

0.10 

0.35 

2012 2014 2010 2022 2016 2024 

-0.10 

If Europe has no clean-tech export advantage, the short term 

positive impact is eroded 

NOTE: In the sensitivity we assume that half of the proportion of clean tech is sourced from Europe, both domestically and in the rest of the world 
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The economic effect of past technology innovations has occurred  

in 3 main stages 

SOURCE: Team analysis 

Technological changes raise productivity growth in the 
innovating sector 

I 

New technology causes significant improvement in 
productivity in sectors that embody the new 
technology 

III 

Falling prices encourage investment in capital in the 
innovating sector, causing both the economy to 
expand and productivity to increase 

II 
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Past innovations comparable in size and reach to low-carbon 

technology have common characteristics 

SOURCE: IMF 2001; team analysis 

Key features of economic effect of past technology revolutions 

▪  Short-term capital deepening, thanks to falling prices 

▪  Long-term benefits through wider reorganization of production 

▪  Most gains go to technology users rather than producers 

▪  Technology revolutions are often accompanied by financial 
markets’ excess (rail road, electricity, IT) 

▪  Large potential short-term benefits if prices fall very quickly (IT) 

▪  Benefits spread very quickly if technology is embedded in highly 
tradable products (e.g., IT, textiles) 
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Past innovations have had significant impact on productivity levels 

and contributed to GDP growth 

1996-2000 

1991-95 0.6 

1974-90 0.5 

1919-1929 
0.2 

0.1 

1899-1919 0.3 0.1 

1870-1890 0.3 

1839-1870 0.1 

1780-1860 0.2 

1.9 

0.8 

0.7 

1.0 

0.4 

0.6 

0.2 

0.5 Steam – UK 

Rail roads – US 

Electricity – US 

IT – US 

Capital deepening 

Technological 
progress in production 

Technological 
progress in usage 

SOURCE: IMF, WEO 2001, Chapter 3 

GDP growth impact – % per year 
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Sensitivity analyses highlight that parameters related to energy 

cost and competitiveness are key for the results 

Higher and 

lower fossil fuel 

prices 

▪  fossil fuel prices gradually increase/
decrease to reach a level 50% higher 
by 2050 

▪  Pathway suffers less due to high prices 
(0.6 of GDP saved by 2050) and benefits 
less from lower prices (0.2% of GDP lost) 

Sensitivity lever Effect 

Oil crisis 

▪  fossil fuel price shock is generated by 
a spike in oil prices, gas and coal 
prices, all doubling in real terms in 
2020 for 3 years 

▪  The pathway is significantly more resilient, 
saving 0.5% of GDP at the outset of the 
crisis (over EUR 70 billion a year) 

Lower efficiency 

improvements 

▪  Efficiency improvements are halved in 
industry and buildings, with cost 
doubled (including EVs) 

▪  A doubling of cost and halving of 
achievements imply a cost on overall GDP 
of EUR 50bn and EUR 300bn by 2020 and 
2030 respectively 

Higher cost of 

power 

▪  the cost of electricity increases 
gradually reaching a 50% higher level 
by 2015 

▪  GDP would be 1.6% lower by 2050 with 
higher COE prices. Every additional 10 
Euro on CEO would decrease GDP by 
0.3% (EUR 60 billion a year) 

International 

competitiveness 

▪  The penetration of EU clean tech 
exports around the world is halved. It 
starts from 25% in 2010 to then 
decrease, from 2015 onwards, down 
to 5% by 2050 

▪  Overall impact on GDP is relatively small 
(0.1%) but happens in the early years, 
hence eroding the EUR 250bn clean tech 
contribution to GDP between 2010 and 
2020 
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The story on capital requirements 

Capital requirements are an essential part of the decarbonization implications, and this section highlights the likely 
trends if decarbonization target are followed through. 

This study does not assess the requirements in other sectors in as much details as in the power sector. The estimates 
are focused on the sectors where a significant shift in spending is required for decarbonization. This includes fuel 
production sectors (fossil fuels, hydrogen, biofuels) as well as the transport, buildings and industry sectors. These 
estimates are based on high level assumptions and should be seen as likely trends, not as forecasts in any way. They 
do not attempt to account for all capex expenditures in these sectors.  

The decarbonized pathways require about 40 to 50 percent more capital investments across the entire economy. This 
is the net result of a decrease in expenditures in some of the sectors and an increase in others. The largest reductions 
happen in the fossil fuel sectors where the large drop in demand would lead to lower capital investments (-25%). On 
the other hand, the capital requirements in the power sector will increase by 50 to 85% depending on the pathway, 
which will more than make up for the loss in the fossil fuel sectors. Non-energy sectors will also be significantly 
affected, with efficiency in buildings often very capital intensive, as well as heat pumps. CCS in the industry will also 
require more capital on the plants as well as network developments.  

FOOTNOTE 

▪  In the fossil-fuel production sectors, the drop in demand in translated into a similar proportion in a drop in capital 
investment required  

▪  Biofuels and hydrogen investments are based on the volume of fuel needed in the baseline and decarbonized 
pathways and on the capex per volume of production  

▪  Capital requirements for the efficiency levers are based on the McKinsey Global Cost Curve bottom up calculations 
▪  Heat pumps capital requirements are based on 90% penetration of heat pumps in buildings heating and 10% of 

penetration in industry heat requirements 
▪  CCS requirements are based on plants XX 
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The decarbonized pathways require about €3 trillion 

more capex over 40 years 

2010-50 cumulative capex, EUR billions 

1 Including CCS transport and storage 

Baseline 

~4,200 

270 

570 

0 

0 

0 

1,375 

40 

1,415-1,615 

580 

1,220 

50 

7-30 

0 

Non-energy2 

▪  Efficiency (industry) 

▪  Efficiency (buildings) 

▪  EVs  ‘industry capex’ 

▪  Heat pumps (buildings) 

▪  CCS for industry 

Power supply 

▪  Generation1 

▪  Grid 

Subtotal 

Primary energy supply 

▪  Oil 

▪  Gas 

▪  Coal 

▪  Biofuels and biomass supply 

▪  H2 plants and infrastructure 

~6,900 

RES 60% 

360 

760 

550-1,0502 

340 

240 

2,545 

155 

2,800-3,000 

330-340 

660-800 

25-30 

14-60 

200 

1,880 Subtotal 1,230-1,430 

Total 

0 ▪  Heat pumps (industry) 100 

6.9 

High RES 
pathway 

1.4 

2.9 

Baseline 

4.2 

1.9 

1.5 

0.3 

-25% 

+66% 

Primary energy 

Power 

Non-power 

Consumer 

2010-50 cumulative capex,  

EUR trillions 

Source: IEA WEO 2009 (fossil fuel capex 2010-30, assumed constant 2030-50), McKinsey Global Cost curves, team analysis 

2 Assuming EVs’ batteries and fuel cells for vehicles (total of ~€500 billion) are accounted for as an industry capex 

0-200 ▪  Distribution 100-300 
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The decarbonized pathways require up to 70% more capital for all 

energy sectors, driven by more efficiencies and a shift away from oil 

6,915 

Primary energy 

Power 

Non-power 

Consumer 

Decarbonized  
pathway 

1,415 

2,900 

Baseline 

4,170 

1,885 

1,450 

270 

+66% 

Cumulative capex 2010-50, EUR billions 

SOURCE: IEA WEO 2009 (fossil fuel capex 2010-30, assumed constant 2030-50), McKinsey Global Cost curves, team analysis 

NOTE Excludes additional capex for EV batteries and fuel cells for vehicles (in total approximately EUR 500 billion) 
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Methodology for estimating the impact on capital requirements for 

the fossil fuel industry 

Drop in capex 
requirements 

Drop in demand in 
decarbonized 

scenarios 

Capex requirements Baseline demand 

▪ Assess demand in the 
baseline 

▪ Assess the absolute drop 
in demand in the 
decarbonized scenarios 
based on all levers (e.g., 
efficiency improvements) 

▪ Estimate the capex 
requirements over 40 
years in the baseline 

▪ Assume that the % 
drop in demand is 
reflected in a similar 
amount in a drop in 
capex requirements 

Logic 

Example 

2050 2010 2030 

227 
208 208 

Coal baseline demand  
Mtoe 

105 

2010 2030 

227 

2050 

-54% 

Coal demand in 60% RES  
Mtoe 

24 

2030-
2050 

2010-
2030 

24 

Baseline capex in coal 
industry  

Cumulative in € billions 

Capex in coal industry 
in 60% RES  

Cumulative in € billions 

12 

2030-
2050 

2010-
2030 

17 
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Detailed assumptions on primary energy supply sectors 

2010-50 cumulative capex, EUR billions 

Baseline 

580 

1,220 

50 

7-30 

0 

▪  Oil 

▪  Gas 

▪  Coal 

▪  Biofuels and 
biomass supply 

▪  H2 plants and 
infrastructure 

RES 60% 

330-340 

660-800 

25-30 

14-60 

200 

Source: IEA WEO 2009 (fossil fuel capex 2010-30, assumed constant 2030-50), McKinsey Global Cost curves, team analysis 

Sources Logic  

  Assess demand in the baseline 

  Assess the absolute drop in demand in the 
decarbonized scenarios based on all levers 
(e.g., efficiency improvements) 

  Estimate the capex requirements over 40 
years in the baseline 

  Assume that the drop in demand is reflected 
in a similar amount in a drop in capex 

requirements 

  Oxford economics and GCC 

  GCC  

  IEA WEO 2009 (p105) 

  - 

Sector 

  Volume assumptions are based on the 45% 
penetration of biofuels in the HDV fleet 

  Capex based on the production volume and 
the required capex per plant 

  Alternative calculation based on capex 
recuperation of 70% on the price of biodiesel 

  Volume assumptions are based on the 45% 
penetration of H2 in the HDV fleet 

  H2 vehicles are assumed to have 50% higher 
efficiency than conventional ICEs 

  Capex estimate based on ‘HyWays’ study on 
H2 infrastructure build-up in Europe as a 
proxy, and scaled to EU-2050 assumptions  

  HDV fleet based on the GCC 
assumptions 

  IEA, McKinsey analysis 

  “The Hydrogen Economy – 
Opportunities and Challenges”, 
Chapter 14, M. Ball and 
M. Wietschel (Eds.), 2009 

  HDV fleet based on the GCC 
assumptions 

  McKinsey Biofuels 2.0 

  McKinsey Biofuels 2.0 
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Detailed assumptions on non-energy sectors 

2010-50 cumulative capex, EUR billions 

Baseline RES 60% 

1 WEO 2009 much more aggressive than 2007, effectively decreasing original baseline emission 6.2 (2007) to 5.8. GCC total potential is 1.4 of which 
the crisis takes off 0.1 (Project Catalyst analysis). Hence total emission if all levers were applied would be 4.5 by 2030. The baseline in 2030 with 2009 
data is 5.3 (based on the IEA projections).  Hence 0.8Gt is the potential still achievable with GCC, which means 0.8/1.4=57% of total 

2 800 plants worldwide in 2030, 10% of abatement in Europe, so 80 plants assumed to be located in Europe 
Source: IEA WEO 2009 (fossil fuel capex 2010-30, assumed constant 2030-50), McKinsey Global Cost curves, team analysis 

Sources Logic  

  Bottom up estimates based on the GCC efficiency capex 
requirements in both industry and buildings 

  43% of that potential is already assumed in the IEA 
baseline1 

Sector 

  Buildings heat pumps volume based on 90% penetration 

  Industry volume based on scaling down the buildings 
requirements based on the power savings 

  Heat pump capex at ~350 EUR per kWe (with no significant 
learning beyond 2030) 

  Baseline based on WEO 2009 with no CCS in industry 

  GCC CCS penetration until 2030 (~80 plants2) 
Penetration beyond 2030 grows up to the 35% CCS 
required in industry 

  Beyond 2030, the capex per tonne of capacity of 
abatement is assumed to flatten out (yearly decrease of 
2% down to 0.5% over time) 

270 

570 

0 

0 

0 

▪  Efficiency 
(industry) 

▪  Efficiency 
(buildings) 

▪  EVs‘ industry 
capex’ 

▪  Heat pumps 
(buildings) 

360 

760 

300 

340 

240 

0 ▪  Heat pumps 
(industry) 

100 

▪  CCC industry 

  Cumulative capex for batteries is ~10% of sales in 
automotive industry, where total additional costs of car 
batteries ~2,000 bn EUR 

  Additional cumulative capex for charging infrastructure, 
equal to ~100-200 bn EUR 

  GCC  

  EU 2050 assumptions 

  Buildings volume from GCC 

  GCC assumptions 

  Heat pump specifications from 
manufacturers 

  IEA WEO 2009 

  GCC 

  Team analysis 

  McKinsey analysis 

  McKinsey study: xEV in 
Megacities: Perspective on 
Infrastructure 
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The story on opex evolution 

Energy costs reductions are key to make the transition attractive economically. They will 
have impact across all energy sectors, not just power. Reduction in oil and gas 
consumption are the key drivers to an reduction in opex cost in the decarbonized 
pathways which will be increasing over time.  

With increasing demand for energy and increasing prices opex would likely rise from 0.9 
to 1.4 trillion in the baseline. This growth could be completely shaven by energy cost 
reductions through efficiency and fuel shift. This would lead to savings of 0.6 trillion in 
2050. This figure increases from 0.15 in 2020 and 0.35 in 2030.  
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1,090 

Decarbonized 
pathway2 

720 

100 

265 

Baseline 

1,445 

425 

15 

370 

635 

-25% 

Annual spending on energy, 2050, € billion 

1 Includes biofuels and H2 

2 Includes up to € 100 billion per year in 2050 to account for the additional capex from efficiency, EVs, heat pumps, industry CCS 
3 60% RES / 20% CCS / 20% Nuclear pathway 

SOURCE: IEA WEO 2009 (fossil fuel capex 2010-30, assumed constant 2030-50), McKinsey Global Cost curves, team analysis 

Power2 

Coal 

Gas 

Oil1 

845 

Decarbonized 
pathway2 

370 

10 
125 

340 

Baseline 

925 

275 

15 
225 

410 

-9% 920 

Decarbonized 
pathway2 

490 

10 
120 

300 

Baseline 

1,125 

325 

15 

275 

510 

-18% 

2020 2030 2050 

Annual full cost for energy is lower for the decarbonized pathways 

than the baseline 
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The energy cost of the decarbonized pathways 

Power (TWh/year) 
▪  Traditional 
▪  Fuel shift 
Gas (mtoe/year) 
▪  Industry 
▪  Residential 
▪  services 
Oil (mtoe/year) 
▪  transport 
▪  Ind 
▪  Services 
▪  Biofuels 

Coal 

  Industry 
  Residential 
Hydrogen (TWh/year) 
▪  transport 

Energy cost1 in EUR billion/year 

Baseline RES 60% 

Energy use 

3,675 
0 

91 
115 
53 

373 
40 
33 

2 

39 
5 

0 

3,315 
360 

77-94 
78-80 
37-42 

288-316 
37-41 
27-30 

4 

11-19 
5 

0 

Baseline 

279 
0 

79 
100 
46 

342 
37 
30 

1 

14 
2 

0 

916 

RES 60% 

275 
30 

67-82 
0-68 
0-36 

265-291 
34-37 
25-58 

4 

0-4 
2 

0 

715 - 823 

2020 

93-202 

NOTE: prices – Power:  0.076 EUR/KWh (baseline) 0.083 EUR/KWh (pathway); Gas: 1169 EUR/mtoe; Oil: 1210 $/mtoe; Coal: 398 EUR/mtoe (fossil 
fuel prices  are wholesale average cost, including all supply chain cost); Biofuels: 0.2-0.9 EUR/l; Hydrogen: 0.08 EUR/KWh 

Excludes € 1.8 trillion of capex 
over 40 years for efficiency, heat 
pumps, EVs and industry CCS 
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The energy cost of the decarbonized pathways 

Power (TWh/year) 
▪  Traditional 
▪  Fuel shift 
Gas (mtoe/year) 
▪  Industry 
▪  Residential 
▪  services 
Oil (mtoe/year) 
▪  transport 
▪  Ind 
▪  Services 
▪  Biofuels 

Coal 

  Industry 
  Residential 
Hydrogen (TWh/year) 
▪  transport 

Energy cost1 in EUR billion/year 

Baseline RES 60% 

Energy use 

4,100 
0 

92 
117 
55 

394 
42 
32 

8 

38 
5 

0 

3,380 
720 

67-80 
43-55 
20-32 

194-204 
38-41 
22-27 

21 

0-3 
3-4 

34 

Baseline 

312 
0 

96 
122 
57 

424 
46 
34 

4 

14 
2 

0 

~1,094 

RES 60% 

281 
60 

70-84 
0-58 
0-34 

209-220 
41-44 
24-29 

4-19 

0-1 
1-2 

3 

~705-783 

2030 

311-388 

NOTE: prices – Power:  0.076 EUR/KWh (baseline) 0.083 EUR/KWh (pathway); Gas: 1169 EUR/mtoe; Oil: 1210 $/mtoe; Coal: 398 EUR/mtoe (fossil 
fuel prices  are wholesale average cost, including all supply chain cost); Biofuels: 0.2-0.9 EUR/l; Hydrogen: 0.08 EUR/KWh 

Excludes € 1.8 trillion of capex 
over 40 years for efficiency, heat 
pumps, EVs and industry CCS 
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The energy cost of the decarbonized pathways 

Power (TWh/year) 
▪  Traditional 
▪  Fuel shift 
Gas (mtoe/year) 
▪  Industry 
▪  Residential 
▪  services 
Oil (mtoe/year) 
▪  transport 
▪  Ind 
▪  Services 
▪  Biofuels 

Coal 

  Industry 
  Residential 
Hydrogen (TWh/year) 
▪  transport 

Energy cost1 in EUR billion/year 

Baseline RES 60% 

Energy use 

4,492 
0 

96 
161 

58 

436 
47 
30 
26 

36 
5 

0 

3,210 
1,400 

49-60 
0-43 
0-19 

78-146 
40-44 
10-13 

54 

0 
2-4 

340 

Baseline 

360 
0 

112 
188 

68 

528 
57 
37 

7-30 

14 
2 

0 

~1362 

RES 60% 

260 
110 

57-70 
0-50 
0-22 

94-177 
48-53 
12-16 
15-60 

0 
0.5-1 

25 

~688-814 

2050 

584-674 

NOTE: prices – Power:  0.076 EUR/KWh (baseline) 0.083 EUR/KWh (pathway); Gas: 1169 EUR/mtoe; Oil: 1210 $/mtoe; Coal: 398 EUR/mtoe (fossil 
fuel prices  are wholesale average cost, including all supply chain cost); Biofuels: 0.2-0.9 EUR/l; Hydrogen: 0.08 EUR/KWh 

Excludes € 1.8 trillion of capex 
over 40 years for efficiency, heat 
pumps, EVs and industry CCS 
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Overview of the larger risk factors variations across pathways 

40% RES, 30% 
nuclear, 30% CCS 

60% RES, 20% 
nuclear, 20% CCS 

80% RES, 10% 
nuclear, 10% CCS 

Risk dimensions 

Public acceptance risks 

Risks associated with the 
build up of industries 

NOT EXHAUSTIVE 

Cumulative capital requirements, 2010-2050, € billion (share in total spent, capex + opex) 

▪ 1,990 (24%) ▪ 2,550 (29%) ▪ 2,860 (33%) 

Size of the transmission and 
back-up deployment required 
•    Interregional transmission 
•    Generation back-up capacity   

▪ Nuclear waste issue not solved  
▪ CCS effectiveness and environmental 

risks not accepted 

▪  “Energy nationalism” and NIMBY hampers 
interconnection and renewables policy 
harmonisation across Europe 
▪ Biomass imports and related sustainability issues 

▪ Nuclear/CCS industry cannot ramp up 
fast enough 
▪ CCS storage capacity runs out 

▪ RES industry cannot ramp up fast enough 
▪ Smart grid roll-out and customer response slow 
▪ No effective pricing mechanism installed to attract 

necessary investments 

Higher cost of generation 
•  Nuclear more expensive 
•  Lower CCS learning rate 
•  Lower RES learning rate 

Risk associated to nuclear 
development and production 

(e.g., security, waste) 

Nuclear production, TWh, 2050 

▪ 1,470  

Capacity required, GW 

▪ 50 to 55 
▪ 75 

▪ 85 to 100 
▪ 120 

▪ 125 to 165 
▪ 155 

CCS, nuclear capacity is 3 
times that of the 80% pathway 
so these have the biggest 
impact 

▪ 980 ▪ 490 

RES capacity is about three 
times that of the 40% pathways 

so lower learning rates have the 
biggest impact 

Capital constraints 
•  Competing uses drive up cost 
•  Unavailability of capital for 

nuclear w/o govt support 
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There are arguments for lower and higher RES pathways 

•  Investments are spread across 
a wider range of resource types 
and technologies1; lower 
technology risk concentration 

•  Less dependent on gas and 
coal imports 

•  Less exposure to fossil fuel 
price volatility 

•  Less waste to be managed 

•  Higher public affinity for RES vs. 
other low-carbon options 

•  More cost reduction upside 

•  Less new transmission required 

•  Less capital required 

•  Less transformation required 
compared to today’s system 

•  Less intermittency to manage 

•  Less reliance on emerging 
technology learning rates 

Arguments for low RES 

pathways 

Arguments for high RES 

pathways 

1 CCS, nuclear, solar PV, solar CSP, wind, biomass, geothermal, etc. 


