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Seven 2050 Net Zero pathways were released by key players in 
the Energy Systems community in 2019/2020 following UK 
legislation

Future Energy Scenarios 2020
• ‘Leading the Way’ (FES-LTW)
• ‘System Transformation’ (FES-ST)
• ‘Consumer Transformation’ (FES-CT)

Energy Systems Catapult 
‘Innovating to Net Zero’
• ‘Clockwork’ (ESC-C)
• ‘Patchwork’ (ESC-P)

Centre for Alternative 
Technology, ‘Zero Carbon 
Britain’
• ‘Zero Carbon Britain’ 

(CAT-ZCB)

Climate Change Committee, 
“Sixth Carbon Budget”
• ‘Balanced’ (CCC-B)



Comparing Net Zero pathways can give us insights into 
what the energy systems community thinks and help us 
analyse relative risk 



Pathways generally trade more drastic behavioural & technological changes 
off in some sectors with less drastic changes in others

(Less drastic) (More drastic)

Meat & dairy 
↓50%

HEATING

TRANSPORT

INDUSTRY

ELECTRICITY 
DEMAND

LAND USE

HYDROGEN 
DEMAND

LIFESTYLE
CHANGE

LEVEL OF CHANGE, NOW TO 2050
Retrofits → heat 
demand ↓29%

More targeted 
retrofits→ heat 
demand ↓27%

Retrofits and improved 
efficiency → heat 

demand ↓16%

Retrofits offset by warmer 
inside temperatures → no 
change in demand

Car miles ↓13%
Air miles ↓66%

Autonomous vehicles 
lead to reduction in 
number of cars

Car ownership 
continues to 
increase

Aviation growth limited to 20%

Increased public/active transport modal share

Industrial energy 
demand ↑11%

Industrial energy 
demand ↓19%

Varying levels of efficiency improvements Energy 
demand falls 
by 33%

Rapid expansion 
of tree planting 

– 500 km2/yr
140 TWh/yr biomass

220 TWh/yr 
biomass

230 TWh/yr biomass, 
UK woodland ↑100%

270 TWh/yr 
biomass

↑51% ↑75% ↑79% ↑130% ↑141% ↑160%

100 TWh/yr 152 TWh/yr 185 TWh/yr 235 TWh/yr 591 TWh/yr

489 TWh/yr 565 TWh/yr 579 TWh/yr 743 TWh/yr 780 TWh/yr 840 TWh/yr

Meat & dairy ↓58%
(beef ↓92%)

More public/active 
transport 

Meat and dairy 
↓20%

Car miles continue to 
grow

Shifts to public/active 
transport

Little behaviour 
change

Uptake of flexible demand 
technologies

Demand reductions

Aviation demand falls

ESC-C ESC-P FES-LTW FES-ST FES-CT CAT-ZCB

GHG
REMOVALS

Afforestation & peat 
restoration removes 

47 MtCO2/yr

CCS capture rate limited to 95% BECCS removes 49 
MtCO2/yr

CCS capture rate 
reaches 99%

DACCS scaled up 
to 25 MtCO2/yr

CCS capture rate reaches 97%

BECCS removes 52 
MtCO2/yr

BECCS removes 61 
MtCO2/yr

CCS applied to heavy industries

CCS applied 
to heavy 

industries

Retrofits and building 
standards → heat 

demand ↓12%

CCC-B

Car miles ↓17%, 
aviation growth limited 
to 25% 

Circular 
economies  
save 12 TWh/yr

UK woodland 
↑18%

250 TWh/yr 
biomass

↑98%

638 TWh/yr

225 TWh/yr

BECCS removes 
52 MtCO2/yr

Meat ↓34%, 
dairy ↓19%

Car miles ↓17%

250 TWh/yr

220 TWh/yr 
biomass

250 TWh/yr 
biomass

Tree planting expands to 
300 km2/yr



Major fuel switching will occur in all sectors, but fossil fuels to be 
used in aviation in 2050 in 6/7 pathways

HEAT

CARS

HEAVY ROAD 
TRANSPORT

AVIATION

ELECTRICITY

SHIPPING

INDUSTRY

HYDROGEN FOSSIL FUELS

Majority heat pumps & 
district heat; hydrogen for 
winter peaks

Majority hydrogen boilers

90-95% cars are EVs by 
2050

HGVS are predominantly 
hydrogen

Mixture of 
electric and 

hydrogen HGVs

Synthetic jet fuel made from 
hydrogen and biomass

Aviation still 
reliant on fossil 
fuels

Synthetic hydrocarbon fuel made from 
hydrogen and biomass

Hydrogen converted to 
ammonia for shipping fuel

Shipping fully reliant on hydrogen

68-89% fuel switch to 
electricity; remainder is 

hydrogen/synthetic fuel & 
biomass

54% fuel 
switch to 

hydrogen; 
remainder is 
electricity & 

biomass

Majority hydrogen; 
some reliance on fossil 
fuels

ESC-C ESC-P FES-LTW FES-ST FES-CT CAT-ZCB CCC-B

100% cars are 
EVs by 2050

Long-haul aviation relies on 
biofuel (17%) and synthetic jet 

fuel (8%)
9% of aircraft miles (short haul) is 
flown in hybrid electric aircraft

Electricity, hydrogen and CCS have 
roughly equal shares in emissions 
reduction



Electricity and hydrogen are important energy vectors in all Net 
Zero pathways

51-160% increase

Offshore wind is majority 
in 6/7 scenarios

Electrolysis is the 
largest production 
method in 5/7 
scenarios



We revisited a key text in the field to update numbers on 
efficiencies, technologies and space constraints – to 
find out if it’s possible to do this



Renewable resource outstrips the UK’s projected 2050 
electricity demand by a factor 12–20

What David MacKay 
estimated we could 
practically generate using 
the UK’s renewable 
resources

Same approach, but with 
updated numbers and new 
assumptions



The increase in resource is due to increases in solar PV 
efficiency and the viability of floating offshore wind – 
and despite a reduction in land for biomass

MacKay (2008) Dixon et al. (2021)

Efficiency of solar PV 
= 10%

Efficiency of solar PV 
= 18%1

Offshore wind 
constrained to fixed 
installations, depth ≤ 
50 m

Floating offshore 
wind is a viable 
technology2

75% of the total UK 
land area could be 
dedicated to growing 
energy crops

7% of current UK 
agricultural land area 
for energy crop 
cultivation3

1Average efficiency of crystalline silicon PV cells in 2019 (representing 95% of global installation) (IRENA, 2019)
24.3 GW pipeline of global floating offshore projects as of 2019 (Hannon et al., 2019)
3Set by the CCC in 2018 Biomass in a low-carbon economy report



• Technology and behavioural change are at a 
trade-off:
• Pathways that rely on little behavioural 

change to 2050 rely on significant changes in 
technology

• Pathways that rely on significant behavioural 
change to 2050 rely on less significant changes 
in technology

• Electricity and hydrogen are important 
energy carriers across all pathways

• Emissions removals are needed in all 
pathways
• DACCS, BECCS, afforestation, peatland 

restoration

• Aviation is not allowed to grow more than 
25% in any pathway

We can infer some (hopefully) useful conclusions from 
the comparison of these pathways



More information can be found in our open access(!) paper

bit.ly/37XsMyw
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