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INTRODUCT ION

Energy scenarios have long shaped policy feasibility and ambition. Reflecting on 
past scenarios – and with the benefit of hindsight – allows for an evaluation of 
assumptions on plausibility and outcomes. Here, this is used to explore what can be 
done differently and in response to the urgency of contemporary climate challenges. 
As climate impacts intensify, we ask how energy research can better align with the 
commitments under the United Nations Framework Convention on Climate Change 
(UNFCCC) and raise levels of ambition to support those already on the frontline, as 
well as future generations.

The report reviews Tyndall’s Decarbonising the UK1 and Living within a Carbon 
Budget2 scenarios, alongside over 80 scenarios developed by others between 
2002 and 2009. It compares the futures they explored with actual UK energy 
developments since, highlighting a need to:

•	 question what is meant by ‘highest possible ambition’.
•	 appreciate that major shifts can exceed expectations.
•	 be mindful of techno-optimism.
•	 pay more attention to a wide range of demand-side measures – including those 

targeting ‘residual’ aviation emissions.
•	 use more diverse tools and methods – with some focused on ‘climate-optimal’.

In 2003, Tyndall’s research began to explore how to achieve a 60% carbon 
reduction target, but why was the target 60%?

The Tyndall Centre is celebrating 25 years of 
research at the midpoint of the ‘critical decade’ 
for climate action, amid unprecedented global 
climate change challenges. To mark this 
milestone, this report reflects on Tyndall’s early 
energy scenario research, drawing lessons 
from the past to enhance our future impact. 
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A MOVING CARBON TARGET

Throughout the 20th Century, scientists continued to study the relationship 
between CO2, and the Earth’s climate. The ‘doubling’ experiment of atmospheric 
CO2 concentrations from 280 parts per million (ppm) in pre-industrial times to 
560ppm remained influential. In the 1970s, the climate sensitivity was estimated to 
be between 1.5 and 4.5°C. Meanwhile, evidence mounted about how dangerous 
reaching even just 2°C of warming would be for people and the planet. With that 
came the UNFCCC in 1992, opening the debate about national limits and targets. 

The UK’s first climate commitment was made with the adoption of the 1997 
UNFCCC Kyoto Protocol: a 12.5% reduction in greenhouse gas emissions by 
2012 from 1990 levels. Later, the Royal Commission on Environmental Pollution 
(RCEP) recommended a 60% cut in CO2 by 2050 to avoid exceeding 550ppm, 
considering global fairness and historical responsibility. Meanwhile, an increasing 
body of research raised concerns that 2°C of global warming would be beyond the 
threshold of dangerous climate change for many people around the world. 

With most of the UK’s CO2 emissions being released by different parts of its energy 
system, Tyndall researchers began in 2003 to explore how changes across sectors 
could deliver the RCEP’s recommended 60% cut. As Tyndall’s scenario work 
evolved, it became clear that focusing on cutting emissions by 2050 wasn’t enough; 
the total cumulative emissions – carbon budgets – mattered more. Inclusion of 
historically overlooked sectors like international aviation and shipping, and the need 
for immediate reductions, added urgency. 

The evolution of climate change commitments 
has a long history. As early as 1856, Eunice 
Newton Foote – rare as a woman scientist 
at the time – established that gases like 
CO2 have a warming effect in the Earth’s 
atmosphere. In around 1859, Irish physicist 
John Tyndall (our Centre’s namesake) 
demonstrated the greenhouse effect. And in 
1896, Svante Arrhenius calculated the impact 
of doubling atmospheric CO2 concentrations 
on global temperatures – known as ‘climate 
sensitivity’. 
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Under pressure from some Tyndall researchers and a coalition of NGOs, amongst 
others, carbon budgets were brought into the UK’s Climate Change Act in 
2008. This inclusion was considered a huge step forward. But with increasing 
understanding of what constituted ‘dangerous’, the urgency continued to grow. 
By 2015, the Paris Agreement pushed ambition further, focusing on the risks 
of exceeding not only 2°C, but also 1.5°C above pre-industrial temperatures. 
Meanwhile, Integrated Assessment Models – combining physics with economics 
– highlighted the possible implications of the very limited 1.5°C budget, showing 
a need for emissions to fall below zero. This brought the term ‘net zero’ to the fore. 
The UK enshrined this in law in 2019 with a net zero 2050 target. 

However, the usefulness of ‘net zero’ and whether it drives action aligned with the 
UNFCCC, are important to question. The Climate Change Committee’s Seventh 
Carbon Budget may align with net zero by 2050, but is that enough to deliver on 
1.5°C and 2°C commitments, and is the proposed UK contribution fair? 

Figure 1: A non-exhaustive indicative timeline 
highlighting how climate science has led to an 
evolving UK climate target.
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Created between 2003 and 2005, Tyndall’s 
Decarbonising the UK Scenarios took as 
a starting point the ‘best available science’ – 
a 60% carbon reduction target – to explore 
suites of whole-system energy futures for the 
UK. As understanding of the importance of 
cumulative emissions and carbon budgets 
increased, additional scenarios were 
developed for the Living within a Carbon 
Budget (LWCB) report.2 Since then, the 
challenge has intensified – firstly, the window 
for effective action has dramatically narrowed 
as cumulative carbon budgets associated 
with ‘dangerous interference’ have rapidly 
diminished (Figure 2).

HIGHEST POSSIBLE AMBI T ION: IS NET-ZERO 2050 ENOUGH?

The rings represent cumulative CO2 emissions, combining actual emissions and 
future estimates. The inner ring ‘Emissions so far’ represents the UK’s territorial 
CO2 emissions from 2002 to 2024. The three surrounding rings illustrate cumulative 
emissions according to prominent UK decarbonisation pathways each with historical 
emissions from 2002. The outermost ring is the level used for the Tyndall Centre’s 
2005 Decarbonising the UK scenarios, the next shows emissions from the 1.5°C 
Balanced Pathway of UK Climate Change Committee’s 7th Carbon Budget report 
(2025)3, the next shows Anderson’s (2020)4 fair-share pathway for a UK-aligned 
2°C budget.

TYNDALL SCENARIOS (2005)

ANDERSON ET AL., (2020)

EMISSIONS SO FAR

20

15

13

11

CLIMATE CHANGE COMMI T TEE

Figure 2: The UK’s shrinking 
possibility space: carbon 
budgets under evolving climate 
targets (GtCO2).
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Secondly, the ‘dangerous’ limit has shifted. In July 2025, the International Court of 
Justice (ICJ) declared that the 1.5°C threshold should be the primary temperature 
target for countries.5 It noted that, under international law, states have a duty to 
prevent significant harm to the environment and are “obliged to use all the means at 
its disposal in order to avoid activities which take place in its territory or in any area 
under its jurisdiction”,5 based on the best available science.

This ruling arrives at the midpoint of the critical decade for climate action, and at 
a time when the UK’s climate mitigation target has evolved to ‘net zero by 2050’. 
But does this target align sufficiently with Article 3 of the UNFCCC to “prevent 
dangerous anthropogenic interference with the climate system”? The UK’s Climate 
Change Committee provides a sobering answer to this question, acknowledging 
that “it is now almost inevitable that warming levels will exceed 1.5ºC in the next ten 
years.”6 

This tension is further highlighted by Article 4 of the Paris Agreement, which states 
that “successive nationally determined contributions will represent a progression 
… and reflect its highest possible ambition”, and the concept of “common but 
differentiated responsibilities…” emphasising the importance of developed countries 
taking the lead.  Yet determining what constitutes “highest possible ambition” is 
contested.7 Against this, our reflection builds an evidence base that supports a call 
for a more diverse portfolio of tools, methods, voices and researchers, to help inform 
better climate outcomes and release self-imposed constraints on levels of ambition. 

THE UK’S CLIMATE CHANGE COMMI T TEE PROVIDES A 
SOBERING ANSWER TO THIS QUEST ION, ACKNOWLEDGING 
THAT “I T IS NOW ALMOST INEVI TABLE THAT WARMING LEVELS 
WILL EXCEED 1.5°C IN THE NEXT TEN YEARS.”
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Few UK-focused scenarios existed in the 
early 2000s – Intergovernmental Analysts 
Group (IAG), Department for Trade and 
Industry and some MARKAL8 scenarios 
were the exceptions. More came in the 
subsequent years, with many developed 
through the work of the UK Energy Research 
Centre. The scenarios explored different 
levels of climate ambition and included some 
‘business as usual’. Scenarios serve as 
heuristics, to explore the ‘possibility space’, 
rather than being predictions or forecasts, 
and different approaches can, and did, lead 
to different outcomes. 

SCOPE FOR ENERGY DEMAND TRANSFORMAT ION

Tyndall’s scenarios expressly set out to scope a broad ‘possibility space’ by using 
backcasting, unconstrained by historical economic trends, economic optimisation, 
or modelled relationships between sectors. A participatory exercise assessed the 
scenario implications, drawing out the essential early-year changes necessary if 
the UK was to deliver its fair contribution to not exceeding 2°C of warming. The 
first scenarios were neutrally named – after colours – and the modelling took an 
open, energy balancing approach. This was a significant departure from much of 
the energy modelling at the time – and to this day – which typically incorporates 
economic optimisation. 

THE INVOLVEMENT OF STAKEHOLDERS 
AND A 60% CONSTRAINT ON 2050 CO2 
EMISSIONS UNDERPINNED THE ORIGINAL 
SUI TE OF FUTURES, DICTAT ING THEIR 
LEVEL OF MI T IGAT ION AMBI T ION.
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The involvement of stakeholders and a 60% constraint 
on 2050 CO2 emissions underpinned the original 
suite of futures, dictating their level of mitigation 
ambition. Tyndall’s and others’ scenarios, irrespective 
of modelling approach, were at the time considered 
plausible by definition.9 To interrogate this, an estimate 
of energy demand for 202210 – calculated by linearly 
interpolating between the scenarios’ respective 
historical baseline and the envisioned 2050 energy 
systems – illustrates limits to levels of plausible 
ambition at the time.

Figure 3 shows that the interpolated 2022 final energy 
demand11 from just one scenario – the ‘Red’ Tyndall 
scenario – lies close to the UK’s observed level of final 
energy demand in 2022. Many scenarios did model for 
lower demand by 2022 than their baseline years, but 
only one explored demand tracking close to what we 
have today. 

There are multiple reasons for present-day levels of 
energy demand being lower than most scenarios 
conceived as plausible in 2002‑2009 – lower levels 
of economic growth than modelled, some offshoring 

of manufacturing and ‘black swan’ events such as 
Covid-19. Nevertheless, energy efficiency gains, 
particularly across household, industrial and service 
sector energy use, played a key role.12  

Tyndall’s original scenarios highlighted that the lower 
the energy demand, the easier decarbonisation across 
the economy will be, particularly given the engineering 
and societal challenges around the deployment of 
large-scale, low-carbon infrastructure. As this lower 
end of the energy demand spectrum has materialised, 
it raises questions around the level of modelled 
ambition feeding into policy development and long-term 
planning.

If the highest possible level of ambition in terms of 
carbon constraints and energy demand had been 
modelled at the time – could the energy transition 
be more advanced than it is today? Technical energy 
efficiency is just one lever – lifestyle change, or using 
energy differently for the same service, such as public 
transport replacing car travel, is also critical – but was 
this overlooked? 

THE INTERPOLATED 2022 FINAL 
ENERGY DEMAND FROM JUST ONE 
SCENARIO – THE ‘RED’ TYNDALL 
SCENARIO – LIES CLOSE TO THE 
UK’S OBSERVED LEVEL OF FINAL 
ENERGY DEMAND IN 2022.
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Figure 3: Levels of final energy demand 
in million tonnes of oil equivalent 
modelled in UK energy scenario 
exercises between 2002 and 2009. 

The 2005 Tyndall scenarios are 
represented by their coloured 
name, Tyndall’s scenarios from 
‘Living Within a Carbon Budget’ 
are in green, then all other 
scenarios in grey – data sources 
and analysis contained in the 
supplementary materials. The 
orange vertical line illustrates 
final energy demand, adjusted for 
aviation and shipping, in 2022. 
The blue vertical line represents 
the same adjusted final energy 
demand level for the baseline 
year (2002) used within Tyndall’s 
original suite of energy scenarios. 
This is a subset of the scenarios 
reviewed, based on those where 
data were available or avoiding 
variants that duplicate the same 
figures. Demand data are adjusted 
to account for the differences 
between datasets, particularly due 
to the treatment of aviation and 
shipping, to ensure a like‑with-like 
comparison.
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Tyndall’s original scenarios were unique 
as they included international aviation and 
shipping in their modelled futures. However, 
this put additional constraints on the 
decarbonisation options for other sectors. 
Here we explore how this played out for the 
residential and transport sectors. 

TRANSPORT & HOUSEHOLDS

For example, to fit the carbon reduction target, the residential sector cut CO2 
through an increased share of electrification, substituting for gas in space heating 
and cooking. By 2022, Tyndall’s scenarios would have had at least 55% of 
residential energy consumption provided by electricity, even under its relatively 
weak CO2 constraint. This compares with 22% in 2002 and the small rise to 24% 
realised in the UK by 2022, with gas continuing to make up the largest share. While 
household energy demand has reduced over two decades by just under a third, 
in part through energy efficiency, it raises questions around the level of ambition 
pulled through into decision-making. If more recognition of the scientific imperative 
to include aviation and shipping had featured across all scenarios, would there 
have been greater efforts to reduce heating through insulation and passive house 
construction, for example, or increase substitution of gas for electricity?

For inland transport13 there is a different reflection. Between 2002 and 2022, the 
level of energy demand has only reduced by about 9%. In the scenarios where data 
is disaggregated for transport, around half explored levels of demand lower than has 
materialised in 2022 – as well as three of the five Tyndall scenarios. 

Most of the reviewed scenarios modelled for hydrogen and biofuel being in use 
within transport by 2022. All14 had a higher amount of electricity being used (both 
as a share and in absolute terms) than has materialised. In practice, there remains 
minimal use of hydrogen, and the growth in electricity in road transport has been 
offset by a reduction in electricity for trains, meaning that in 2022 electricity is only  
2% of the transport fuel supply mix, with oil still at 92%. This shows that, in the case 
of transport, levels of ambition from the scenario outputs reviewed were higher than 
has emerged, particularly on the fuel supply side. 

DECARBONISING THE UK REVISITED  11



When it comes to climate change, all sources 
of emissions must be understood, quantified 
and mitigated. In 2003, the ‘energy system’ 
typically referred to a country’s demand 
sectors (households, industry, inland transport, 
services etc.) and their sources of energy 
supply. Moreover, some understood the 
‘energy system’ to be only the ‘electricity 
system’ – a frequent source of ongoing 
confusion even amongst academics. Yet back 
in 2002, UK electricity was just 17% of energy 
consumption, a figure that is not much higher 
today. Oil products for transport and gas 
for heating were dominant within the energy 
system then, and remain so today, despite 
policies to reduce reliance on fossil fuels over 
more than two decades. 

Crucially, if ‘whole’ includes only sources of emission 
released by sectors within national boundaries or 
jurisdictions, then this will exclude international aviation 
and shipping emissions. Yet they are also part of the 
global ‘energy system’. These emissions are released 
in international airspace and international waters, 
and their combined CO2 emissions are similar to the 
sixth‑highest emitting country in the world.15

In 2002, little attention was being paid to 
emissions from international aviation and 
shipping – the ‘difficult to decarbonise’ sectors,16 
as they later became known. Yet they were two of 
the fastest‑growing sources of the UK’s CO2. Their 
inclusion within the Tyndall modelling sent out a 
loud warning signal given how rapidly emissions – 
particularly from aviation – could become a dominant 
share in the future. Their inclusion also significantly 
constrained the possible futures modelled – as even a 
continuation of modest growth rates severely curtailed 
decarbonisation options across the other sectors.

WHOLE MEANS WHOLE
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This message broke through at the time – ultimately 
influencing the inclusion of international aviation and shipping 
within the UK Government’s carbon budgets. However, their 
share of the UK’s total CO2 emissions has grown since and, 
although Covid-19 impacted on air travel, this is anticipated 
to be a temporary blip. According to data for 2019,17 before 
the pandemic, the UK’s aviation emissions had risen to 10% 
of the UK’s CO2 emissions, compared with 6% back in 
2002,18 and they are on the rise again. While measures to 
mitigate these sectors’ emissions are much higher profile now 
than in the early 2000s, for aviation the focus is more about 
reducing carbon intensity of fuels, rather than about cutting 
total emissions. This is compounded by the sectors’ emissions 
being considered as ‘residual’, implying limits to their 
mitigation, with a risk of them being treated as inevitable19, 
thereby locking in the need for extensive carbon dioxide 
removal (CDR). Within the Climate Change Committee’s 
Seventh Carbon Budget, passenger numbers are modelled 
to increase by 28% by 2050 from 2025 levels.20 Given that 

most air travel is undertaken by relatively wealthy frequent 
flyers,15 the choice to see ongoing emissions from this sector 
as inevitable suggests a mitigation ambition that is reluctant to 
question high-energy norms of the wealthier socio-economic 
groups, assuming current patterns of demand continue. With 
the carbon budget rapidly diminishing, overlooking this large 
share of emissions, raises a flag for the UK to elevate its level 
of ambition in line with the global imperative. 

Tyndall’s original scenarios highlighted key interventions 
that could significantly cut these international emissions. 
For aviation, the core message was to focus on demand 
management – at the time to reduce the high growth rate. 
For shipping, a suite of measures was explored, including 
wind‑assist, slow-steaming and alternative fuels. While some 
of these interventions have started to emerge, ambition within 
the Seventh Carbon Budget remains out of step with the 
mitigation potential available, with consequences for other 
sectors as well as high levels of techno-optimism around CDR.
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The evolution of coal use within 
the UK’s energy system over 
the past twenty years illustrates 
how important it is for scenario 
exercises to imagine plausible, yet 
sufficiently different visions, using 
tools like backcasting to break the 
link between the past and the future. In 2002, coal made up 17% of primary energy 
supply and about a third of electricity generation. By 2050, all of Tyndall’s scenarios 
assumed coal as part of the energy mix, both with and without Carbon Capture and 
Storage (CCS), making it a strong feature in 2022 (see Figure 4). Yet late in 2024, 
the UK closed its last coal-fired power station at Ratcliffe-on-Soar. 

Continued coal use without CCS was possible within Tyndall’s early ‘decarbonised 
futures’ because of the relatively weak target (60% by 2050). Nevertheless, no 
Tyndall scenarios explored an absence of coal altogether, although one explored 
no CCS. Likewise, in the other scenarios reviewed, none of them explored futures 
without either coal or coal CCS by 2022, and gas CCS and biomass with carbon 
capture and storage (BECCS) barely featured, although gas CCS played a role the 
within some Tyndall scenarios (see Figure 4).

Within contemporary discussions, some 
high-profile aspects of the future energy 
system include hydrogen deployment, 
carbon capture and storage, carbon removal, 
and the expansion of nuclear capacity. 
Significant long‑term planning and investment 
commitment are needed to rapidly upscale 
emerging technologies and build expansive 
and complex infrastructure. Using our scenario 
review to reflect on some of the discussions 
around in the early 2000s, there are some 
striking developments to highlight. 

TECHNO-OPT IMISM OR LIMI TED FORESIGHT? BY 2050, ALL OF TYNDALL’S 
SCENARIOS ASSUMED COAL AS PART 
OF THE ENERGY MIX, BOTH WI TH 
AND WI THOUT CARBON CAPTURE 
AND STORAGE (CCS)
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By 2022, most scenarios reviewed explored CCS operating at 
scale. However, halfway through this critical decade, it remains 
absent from UK electricity generation. In the early 2000s, all 
the individual components of CCS technology existed and 
were commercially proven.21 Yet over the last two decades, 
expectations around CCS have shifted from being widely used 
across coal power stations, to playing an important – but less 
extensive – role to support industrial decarbonisation, in part 
for blue hydrogen production, whilst also enabling ‘negative 
emissions’ through its use with biomass. That this is modelled 
to offset around 40% of the 2050 ‘residual emissions’ in the 
Seventh Carbon Budget3 illustrates that expectation around 
CCS was, and continues to be, high, despite very slow 
progress in terms of its deployment in practice. This potentially 
illustrates misplaced techno-optimism at the expense of bold 
demand‑side strategies.

In contrast, despite renewables already forming a small part 
of the electricity mix in 2002, few of the scenarios reviewed 
explored high levels of ambition around renewable capacity. 
Renewables have had over a ten-fold increase between 2002 
and 2022, which was more than most scenarios explored 
and, critically, more than new projections within the Seventh 
Carbon Budget’s Balanced Pathway over similar periods in 
future22, despite capacity for expansion.23 But with a higher 

level of ambition – is more growth feasible with the right 
incentives and structural support? 

Optimising for cost puts modelling, but not necessarily 
real‑world, constraints on renewable expansion. Current 
‘cost-optimised’ policies likely require adjustment to avoid 
further constraining deployment.24 Given that the costs of 
climate impacts and adaptation limits25 are highly uncertain, 
and their incorporation within cost-optimisation models is 
typically absent or only partial26, modelling for ‘cost optimal’ 
does not deliver a complete picture. This compounds the 
problem with taking decisions based largely on modelling 
that uses a ‘cost-optimised’ lens. With well-established 
technologies like renewables, building much higher levels of 
ambition in response to evident success, is also likely to face 
fewer technical and societal barriers when compared with 
hydrogen and CCS.27 Given the relative success of renewable 
energy deployment compared with CCS, and its potential for 
further reducing the UK’s impact on the climate and costs of 
future climate change, is there a case for revisiting the UK’s 
supply‑side strategy with complementary work focused on 
what is ‘climate-optimal’ in addition to what is ‘cost-optimal’? 
That is, exploring the full extent of what is technically and 
physically possible to rapidly reduce emissions.
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Figure 4: Electricity generation fuel mix 
by scenario for 2022 in million tonnes 
of oil equivalent. The fuel mix for 2002 
(the baseline year used when developing 
the Tyndall scenarios) and 2022 (the 
baseline year used in this review) are at 
the top, followed by the Tyndall scenarios. 
The rest of the scenarios reviewed 
follow below. This is a subset of over 80 
scenarios reviewed where generation 
data was available.

DECARBONISING THE UK REVISITED  16



In a similar vein to CCS, there were 
high expectations amongst some for the 
future hydrogen economy in the early 
2000s,28 though barriers were widely 
acknowledged.29 In the energy scenarios 
developed at the time, blue and green 
hydrogen were common, though not 
ubiquitous. Across Tyndall’s early 
scenarios, they provided around 20% of 

the energy demand (up to 69Mtoe), although one scenario assumed that hydrogen 
deployment failed. In the others reviewed, around 40% featured hydrogen in some 
form. For comparison, the Seventh Carbon Budget includes around 9Mtoe of blue 
and green hydrogen by 2050 (~10% of final energy demand), rising from effectively 
zero today. 

When included in previous scenarios, hydrogen was aligned with expectations of 
the time, with end-uses across home heating, transport and electricity. However, 
recent progress in battery technology and electrification has shifted attention,30 
with hydrogen now seen as particularly important in the UK’s ‘hard to electrify’ 
sectors. While Tyndall’s early scenarios included only one scenario with no 
hydrogen, some of the ‘cost-optimal’ carbon constrained scenarios also remained 
largely hydrogen‑free, due to modelled high costs of this nascent technology. 
These mixed insights likely contributed to uncertainty in long-term planning and 
support. Since many barriers to hydrogen deployment persist, strategically focusing 
on more mature technologies has a better chance of accelerating decarbonisation, 
at least in the near term – building on the lessons reflected here on the relative 
success of renewables. 

START ING POINT
URBANIST SALVADOR RUEDA FIRST PROPOSES 
SUPERBLOCKS TO RECLAIM STREETS FOR PEOPLE.

BARCELONA

1990
MAYOR ADOPTS VISION

MAYOR ADA COLAU OPENS THE FIRST POBLENOU SUPERBLOCK. 2016

POLICY COMMI TMENT
URBAN MOBILI TY PLAN 2019–24 PLEDGES CI TY-WIDE 

SUPERBLOCKS AND 150 KM OF GREEN CORRIDORS. 2019

EARLY RESULTS 
THE FIRST SUPERBLOCK PILOT CUTS THROUGH-TRAFFIC 
BY 82% AND ADDS 23,000 M2 OF PUBLIC SPACE.

2018

PROGRAMME EXPANSION 
INTO NEW NEIGHBOURHOODS, WI TH GREEN CORRIDORS 
AND LOCAL PLAZAS BEING BUILT.

2023
MEASURABLE IMPACT

FULL ROLL-OUT PROJECTED TO SAVE 230 ktCO2 
ANNUALLY (~21 % OF CI TY TRANSPORT EMISSIONS).

2030

ENABLING

TRANSFORMAT ION: 

SUPERBLOCK

REDESIGN CI TY BLOCKS INTO SUPERBLOCKS TO CUT TRAFFIC, 
LOWER EMISSIONS, AND CREATE VIBRANT PUBLIC SPACES.

Transformation example34

RECENT PROGRESS IN BAT TERY 
TECHNOLOGY AND ELECTRIFICAT ION 
HAS SHIFTED AT TENT ION, WI TH 
HYDROGEN NOW SEEN AS 
PART ICULARLY IMPORTANT IN THE 
UK’S ‘HARD TO ELECTRIFY’ SECTORS
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This report presents a short 
review of energy scenarios 
developed between 2002 
and 2009, reflecting on what 
has been learnt over the past 
decades to help ensure our 
energy research can continue to 
have impact, even in the face of 
the amplified climate challenges 
faced today. 

Some key messages 
drawn out from this review 
and reflection are:

KEY MESSAGES

A common feature of the debate around transforming 
energy systems is to give more attention and 
investment to new supply-side technologies than 
to demand-side change. Yet Tyndall’s early work 
concluded that the lower the energy demand, the 
easier it is to deliver necessary supply-side change, 
as less large-scale infrastructure is required. Our 
scenario review delivers an intriguing finding: of over 
80 scenarios reviewed, only one scenario – Tyndall’s 
Red scenario – explored energy demand lying close 
to the level that has materialised. In other words, the 
level of ambition around demand-side change 
within scenario exercises was too constrained. 
While suppressed economic activity has contributed to 
the low level of energy demand seen in 2022, energy 
efficiency has played an important role too. But could 
much more transformative change – such as the 
examples from Brussels, Paris and Barcelona – have 
been at least explored, and potentially delivered? 

The review highlights the importance of considering a 
wider portfolio of futures. More scenarios with fewer 
large engineering projects on the supply side, balanced 
by much more ambitious, but existing approaches 
to reduce energy demand, can expand the options 
influencing decision-making. Insulating all homes, 
extensively expanding the use of public and active 
transport to substitute for car travel or addressing 
the highly inequitable use of air travel, are just a few 
demand-side examples. The modelling underpinning 
the Seventh Carbon Budget remains constrained by 
the same cost-optimal relationships and historical 
trends used in most non-Tyndall scenarios reviewed. 
Assuming more flying, rather than the opposite, 
and expecting 10% more car travel by 2050, despite 
a recent 4% decline, are examples of repeated 
limited ambition within the Seventh Carbon Budget. 
Different methods, tools and voices to create and 
test a wider range of futures are essential, if we 
wish to learn from the past to improve the future.

AMBI T ION ON THE 
DEMAND SIDE WAS TOO 

CONSTRAINED
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There is a disconnect between imagined futures – both from Tyndall 
and other modelling efforts – and the energy system as it exists 
today. Many carbon-constrained scenarios explored a role for low-
carbon hydrogen derived from coal or gas with CCS, with a system-
shaping role across transport, heat and power. Those excluding 
hydrogen relied on coal-CCS as a cost-effective enabler of continued 
fossil use beyond 2022. Yet two decades later, coal power has 
exited the UK,31 full-scale CCS remains pre-operational,32 and 
hydrogen use is still limited to industrial feedstocks. This mismatch 
underscores a critical methodological reflection: deployment rates 
for unproven technologies are often overestimated, while more 
mature alternatives – like renewables – can outpace technically 
innovative options. Biomass with CCS (BECCS) features heavily 
within the Seventh Carbon Budget, with its Balanced Pathway 
relying on it to achieve ‘net zero 2050’. But this risks crowding 
out attention to more established decarbonisation options. Future 
scenario frameworks must treat emergent technologies as conditional 
rather than inevitable. They should link long-term ambitions to short-
term tests of cost, deployment pace, and feasibility, and include 
contingency pathways. This will help to ensure that scenarios remain 
scientifically credible, analytically robust and policy-relevant in a fast-
evolving energy landscape.

Since 2002, the UK’s available carbon budget has contracted 
significantly, and not all sources of emissions were included in 
mitigation assessments in the early 2000s. The integration of 
rapidly growing sources of CO2 from aviation and shipping in the 
earliest Tyndall scenarios illustrated that a much greater level of 
ambition would be required in other sectors, something that is now 
widely recognised. In those early scenarios, the residential sector 
had to adopt demand reduction and much greater electrification 
to substitute for gas, while transport required modal shift, demand 
management, and more electrification to meet even the weak 60% 
carbon target. Contemporary scenario exercises must similarly 
resist the tendency to relegate difficult to decarbonise sectors 
to ‘residual emissions’. Doing so creates apparent policy space that 
may not exist within carbon budgets constrained by the best available 
science, and will contribute to higher levels of climate impact than 
are planned for.

SCENARIO METHODS MUST 
GUARD AGAINST NAÏVE 

TECHNO-OPT IMISM
WE NEED HONEST AND 

TRANSPARENT ACCOUNT ING

KEY MESSAGES CONT INUED
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Many scenarios in the early 2000s paid limited attention to climate 
change, despite the UNFCCC’s clear steer in 1992. UK scenarios 
employing minimal carbon constraints or limited emphasis on 
demand-side change have diverged significantly from the energy 
system that has materialised. Now, compared with the early 2000s, 
carbon budgets associated with dangerous climate thresholds 
are much tighter, with stark implications for future planning. 
This reflection highlights the benefits of adaptable, less economically 
constrained, scenario frameworks like backcasting, that can break the 
elastic connecting our thinking to historical trends, align with climate 
science and be responsive to shifting mitigation and climate threshold 
timescales. Future scenarios must now account for the climate 
impacts on the energy system and society of 1.5°C to at least 3°C 
futures, while upholding the precautionary principle called for in the 
UNFCCC of pursuing the highest ambition amid uncertainty. 

START ING POINT
PROFESSOR CARLOS MORENO INTRODUCED THE ‘15-MINUTE CI TY’ CONCEPT.

PARIS

2015
MAYOR ADOPTS VISION

MAYOR ANNE HIDALGO MAKES THE 15-MINUTE CI TY THE 
CENTREPIECE OF PARIS’S URBAN STRATEGY.

2020
PARTICIPATORY BUDGET
A €75 MILLION PART ICIPATORY BUDGET WAS DEDICATED TO 
FUNDING PROJECTS CHOSEN DIRECTLY BY PARIS RESIDENTS.

2021

CI T IZEN REFERENDUM
SUPPORTED CONVERT ING ADDI T IONAL 500 
MORE STREETS INTO PEDESTRIAN ZONES.

2025

MEASURABLE PROGRESS
PARIS HAS CUT CAR USE BY 50% SINCE 2002, CARBON 

EMISSIONS BY 36% AND ENERGY USE BY 16% SINCE 2004.
2022

ENABLING

TRANSFORMAT ION:

15-MINU T E CI T Y

THE 15-MINUTE CI TY ENABLES ACCESS TO ALL ESSENT IAL
NEEDS WI THIN A 15 MINUTE WALK OR BIKE RIDE. 

Transformation example35

ENERGY PATHWAYS MUST 
ALIGN WI TH CLIMATE 

URGENCY

KEY MESSAGES CONT INUED
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As a signatory to the UNFCCC, the UK must strive for the highest 
level of climate ambition. With tightening carbon budgets and 
accelerating climate impacts, the energy system needs greater 
resilience and a sharper focus on transformative change. A diverse 
suite of scenario approaches has an important role to play in 
understanding the scope for raising the level of ambition, whilst 
fairly reflecting climate science and its implications for people in 
a warming world. This reflection highlights not just the limits of 
our tools, but also the constraints on our collective imaginations. 
Meeting the challenges faced requires urgent, system‑wide change, 
guided by evidence and creativity, not inertia.

FINAL WORD
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