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Abstract

This paper asks a specific engineering question: is it physically feasible, using technology that 
already exists, to limit global warming to 2 °C and reach net-zero greenhouse gas emissions by 
2070 — the outer boundary consistent with avoiding the most catastrophic climate tipping points? 
The answer, after examining energy, food, transport and the built environment, is: yes, but only 
under conditions that are currently far from being met. The window is narrow and closing. This 
paper sets out what those conditions are, why the financing objection does not hold, and why the 
precautionary principle demands we act as though the answer must be yes.

1.  Where We Are: The Planetary Situation

The scientific evidence is unambiguous. Seven of the nine Planetary Boundaries — the safe 
operating limits for human civilisation — have now been transgressed, a number that has 
risen steadily from three in 2009 to four in 2015 and seven in 2025. The boundaries now 
exceeded  include  climate  change,  biosphere  integrity,  land-system  change,  freshwater 
change,  biogeochemical  flows,  novel  entities  and  ocean  acidification.  Self-reinforcing 
feedbacks  between  these  breached  boundaries  are  beginning  to  amplify  environmental 
instability in ways that were not anticipated in earlier modelling.

The original Limits to Growth modelling (1972) projected that under a 'standard run', global 
population undergoes overshoot and collapse by approximately 2050. The 30-Year Update 
(2004)  confirmed  this  trajectory:  even  with  more  abundant  non-renewable  resources, 
scenarios  still  showed  overshoot  and  severe  decline.  These  models  notably  omitted 
armaments and wars — meaning reality is likely harder, not easier, than the projections.

We  are  now  24  years  from  2050.  This  is  shorter  than  the  working  lifetime  of  most 
infrastructure being built today, and shorter than a human generation.

The Carbon Budget: Hard Numbers

The IPCC Sixth Assessment Report sets out the remaining carbon budgets with precision:

Warming Limit Carbon Budget Zero-GHG Year Status

1.5 °C 500 GtCO₂ ~2030 Budget already spent

2.0 °C ~1,250 GtCO₂ ~2070 Achievable — just

3.0 °C ~3,250 GtCO₂ ~2100 Civilisation-
threatening
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The 1.5 °C budget is already effectively exhausted. The 2 °C budget remains — but barely. 
This is not a political target. It is a physical constraint derived from atmospheric chemistry. 
Every year of delay consumes a larger fraction of the remaining budget.

2.  The Acute Threat: Tipping Points and AMOC

The  planetary  boundaries  describe  a  slow  deterioration.  Tipping  points  represent  a 
qualitatively different risk: sudden, irreversible shifts in Earth-system behaviour that could 
render large parts of the planet uninhabitable within decades. For Europe and the United 
Kingdom, the most consequential of these is the potential collapse of the Atlantic Meridional 
Overturning Circulation (AMOC).

The AMOC is the ocean circulation system that transports warm tropical water northward 
and keeps Northern Europe several degrees warmer than its latitude would otherwise allow. 
Research published in 2025 found that the tipping point making AMOC shutdown inevitable 
is likely to be passed within a few decades, though the collapse itself may lag by 50 to 100 
years. Critically:

 Under continued high emissions, 70% of model runs lead to AMOC collapse

 Under intermediate emissions, 37% of models show collapse

 Even under low future emissions, 25% of models show AMOC shutdown

What AMOC Collapse Means for the UK

Simulations indicate February temperatures cooling by up to 4 °C per decade over a century, 
driving extreme cold winters, severe storms, and summer droughts across northern Europe. Sea 
levels around Britain could rise by an additional 50 cm above the global average. Indigenous food 
production would fall dramatically. These are not distant-generation consequences: the tipping 
point that makes collapse inevitable may be crossed within the lifetime of people alive today.

This paper acknowledges honestly that staying within 2 °C reduces but does not eliminate 
AMOC collapse  risk.  This  is  not  a  reason  for  complacency  — it  is  the  most  powerful 
argument for hitting the 2 °C target rather than missing it. The difference between 25% and 
70% collapse probability is the difference between a serious risk and a near-certainty of 
civilisational catastrophe for Europe.

Additional  tipping-point  risks include permafrost  thaw releasing stored methane,  Amazon 
and Boreal forest dieback, and accelerating Antarctic ice loss. These interact: each amplifies 
the others. The precautionary principle — standard engineering practice — demands we 
treat these tail risks with the same seriousness as structural failure modes.

3.  The Feasibility Question

The  central  question  this  paper  addresses  is:  can  existing  technology  deliver  zero 
greenhouse gas emissions by 2070 at a scale sufficient to keep warming below 2 °C? The 
word 'existing' is deliberate and important. It excludes nuclear fusion, large-scale speculative 
carbon  capture,  and  solar  geoengineering  —  all  of  which  are  frequently  offered  by 
policymakers as reasons to defer action. The argument here is that no technological miracle 
is required. The miracle has already happened: wind turbine and solar photovoltaic costs 
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have fallen by over 90% in a decade, and both technologies have exceeded virtually every 
projection made for them.

The feasibility assessment spans four sectors: energy supply, the built environment, food 
systems, and transport.

3.1  Energy Supply

The Institution of Mechanical Engineers' Energy Hierarchy provides the correct ordering of 
priorities:  first,  demand  reduction;  second,  energy  efficiency;  third,  renewable  and 
sustainable resources; fourth, other low-carbon sources; and last, conventional resources. 
The analysis here follows this hierarchy.

Wind and solar PV can, in principle, supply all the energy services currently met by fossil  
fuels — but  only with storage,  grid interconnection,  and demand management.  The key 
enabling technologies already exist:

 Pumped hydro storage: the Global Atlas of Off-River Pumped Hydro Storage (Blakers 
et al, ANU) identifies sufficient sites globally to provide multiple days of backup at full 
load

 Deep closed-loop geothermal (e.g. Eavor Technologies, now operating in Germany): 
on-demand heat and electricity, independent of weather, with no combustion and no 
radioactive waste

 Grid-scale batteries for short-duration balancing

 Demand-side response and smart grids to match consumption to renewable 
generation

Nuclear fission is excluded from this assessment on three grounds: uranium is a depletable 
resource that may be effectively exhausted before 2070 at projected consumption rates; 
nuclear has consistently failed to meet deployment projections and remains uncompetitive 
with renewables on cost; and new nuclear plant cannot be delivering electricity before 2030 
at  the  earliest,  consuming  carbon  budget  in  its  construction.  Nuclear  fusion,  requiring 
temperatures of 100 million °C and relying on tritium — a radioactive material with a 12.3-
year half-life and near-zero natural occurrence — is not an available technology.

A critical and often overlooked constraint: by the Zero Year, renewable energy plant must 
itself  be manufactured and constructed using zero-carbon processes. Steel,  cement and 
glass  for  wind turbines  and solar  panels  must  be  produced without  fossil  fuels.  This  is 
technically achievable using green hydrogen for industrial heat and electric arc furnaces for 
steel — but it requires the industrial transition to be well underway before 2050.

3.2  The Built Environment

Space and water heating currently accounts for a large fraction of energy consumption in 
temperate climates. A technically coherent strategy exists:

 Dense urban cores: district heating networks fed by deep geothermal heat, with district 
cooling using river or sea water

 Suburban and medium-density areas: individual ground-source or air-source heat 
pumps, highly efficient at current electricity grid carbon intensities and improving as 
the grid decarbonises

 New rural buildings: Passivhaus standard, reducing heating demand by 80–90% 
compared with conventional construction

 Existing building stock: deep retrofit programme — insulation, triple glazing, air 
tightness — is labour-intensive but uses no exotic technology
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3.3  Food Systems

The food system accounts for approximately one-third of global greenhouse gas emissions. 
This is where some of the most technically promising — and socially demanding — changes 
are required.

Several existing technologies can transform this sector:

 Precision fermentation (e.g. Solar Foods, Finland): bacterial protein grown using 
renewable electricity, with a land footprint orders of magnitude smaller than animal 
agriculture and GHG emissions a fraction of conventional meat

 Perennial crops — including Kernza grain (The Land Institute, Kansas) and perennial 
rice varieties — that do not require annual ploughing, dramatically reducing soil carbon 
loss and energy inputs

 Plant-based protein transition: one review found average GHG emissions of plant-
based meat are 34% smaller than chicken and 93% smaller than beef

 Rewilding of released agricultural land: sequestering carbon and restoring biodiversity

This transition is technically feasible. It is not painless. It requires a shift away from animal-
based food across the global  diet  — a change that  is  far  more a  matter  of  policy  and 
incentive than of technology.

3.4  Transport and Data

Surface  transport  electrification  is  well  underway  and  technically  unproblematic  given 
sufficient renewable electricity supply. The residual challenge is modal shift: electric private 
cars  are  less  efficient  per  passenger-kilometre  than  electric  trains  and  buses.  Rational 
transport policy prioritises public and active transport, with private electric vehicles for the 
remainder.

Air travel is inherently more energy-intensive than surface travel and cannot be electrified at 
current  battery  energy  densities  for  long-haul  routes.  Synthetic  fuels  are  possible  but 
expensive in renewable energy terms. Under a strict carbon budget, long-haul aviation must 
be substantially reduced.

Data centres are a growing concern: UK consumption could reach 8.8% of total electricity 
demand by 2030, more than a fivefold increase. This energy can in principle be supplied 
from renewables, but the scale of the demand growth competes with decarbonisation of 
other sectors. Energy efficiency standards for data centres — currently averaging a Power 
Usage Effectiveness of 1.56 globally — and prioritisation of AI workloads by carbon intensity 
are technically straightforward measures.

3.5  Population: A Long-Term Precondition

The Limits to Growth modelling identifies a stable and eventually declining population as a 
precondition  of  any  sustainable  trajectory.  This  is  a  long-term  structural  issue,  not  an 
immediate policy lever. The most effective and ethically sound route to below-replacement 
fertility is well-established: universal access to education, particularly for women and girls; 
universal access to family planning; and economic security that removes the incentive for 
large families as old-age insurance.

These are not coercive measures. They are the policies that have already brought fertility 
rates  below  replacement  level  in  most  developed  countries.  Extended  globally,  they 
represent both a development agenda and a survival agenda.
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4.  The Financing Question

The most  common objection to rapid decarbonisation is  cost:  'we cannot  afford it'.  This 
objection rests on a misunderstanding of how sovereign monetary systems operate — a 
misunderstanding with potentially fatal consequences if it is allowed to delay action.

Modern Monetary Theory (MMT), as articulated by economists including Richard Murphy, 
makes  a  fundamental  distinction  between  monetary  constraints  and  real  resource 
constraints. A government that issues its own currency — the UK, USA, Japan — cannot run 
out of money in the way a household or business can. It can always create the currency it  
needs to purchase real resources. The binding constraint is not money but the availability of 
real resources: labour, materials, engineering capacity and land.

This  is  not  a  fringe  position.  It  is  increasingly  accepted  by  central  banks  and  treasury 
economists,  and  was  demonstrated  in  practice  during  the  COVID-19  pandemic,  when 
governments that had declared spending impossible found hundreds of billions of pounds 
within days when the political will existed.

The Real Question

The question is not 'can we afford to decarbonise?' — a sovereign government can always fund 
the transition. The question is whether we can marshal the real resources: the engineers, the 
materials, the manufacturing capacity, the trained workforce. These constraints are real but 
tractable. They are the engineering problem. The money is not the problem.

This  has a  direct  implication  for  policy:  the  correct  economic  framework  for  the  energy 
transition is not the Treasury's 'cost-benefit analysis against a baseline of inaction' — which 
systematically undervalues future costs because standard discount rates treat the lives of 
future generations as worth a fraction of present lives. The correct framework is: what real 
resources do we need to deploy, in what order, by when? A government that understands its 
monetary sovereignty can then ensure those resources are mobilised.

Carbon budgets must  be given legal  force — not  as aspirational  targets but  as binding 
constraints on national accounts, analogous to the way a building's structural load limits are 
binding on architects. The Climate Change Committee already has the architecture for this; 
what is required is the political decision to treat breaching a carbon budget as a legal failure, 
not a statistical footnote.

5.  The Feasibility Verdict and What It Requires

The honest engineering verdict is this: a 2 °C pathway to zero GHGs by 2070, using existing 
technology, is physically feasible. But the conditions required are demanding in ways that no 
government has yet met:

 Energy demand reduction must begin immediately and be sustained — efficiency 
gains cannot be consumed as growth

 All new energy infrastructure must be renewable from this point forward; no new fossil 
fuel extraction, no new nuclear

 The industrial supply chain for renewable energy plant — steel, cement, glass — must 
itself be decarbonised before 2050
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 The food system must undergo a fundamental transition away from animal protein at 
scale

 Surface transport must be electrified and modal share shifted decisively toward public 
transport

 Data centre growth must be matched by efficiency mandates and renewable energy 
supply

 Population policy must support and incentivise below-replacement fertility globally

 Sovereign monetary capacity must be used to mobilise the required real resources 
without delay

The window is narrow. The carbon budget arithmetic leaves approximately 44 years to reach 
zero from 2026. The fastest previous energy transitions — the electrification of the United 
States,  the  nuclear  build-out  of  France  —  took  30  to  40  years  and  involved  a  single 
technology in a single country.  What is required here is a multi-technology, multi-sector, 
global transition in the same timeframe.

This is not impossible. But it requires treating the climate and ecological emergency as what 
it is: an engineering and logistics challenge of the highest priority, to be approached with the 
same focus and resource mobilisation as a major war — which, in a meaningful sense, it is.

On the AMOC Risk

Even a successful 2 °C trajectory carries a residual AMOC collapse probability of approximately 
25% according to current modelling. This uncomfortable fact should not be used as an argument 
for fatalism. It is the strongest possible argument for achieving 2 °C rather than the 3 °C trajectory 
we are currently on — where the collapse probability rises to 70%. The precautionary principle, 
applied rigorously, demands we do everything within the 2 °C envelope and accept that we are 
managing a risk, not eliminating it.
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