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The Grantham Research Institute on Climate Change and the Environment was established in 2008 at the London
School of Economics and Political Science. The Institute brings together international expertise on economics, as
well as finance, geography, the environment, international development and political economy to establish a world-
leading centre for policy-relevant research, teaching and training in climate change and the environment. It is
funded by the Grantham Foundation for the Protection of the Environment, which also funds the Grantham
Institute - Climate Change and the Environment at Imperial College London. More information about the
Grantham Research Institute can be found at: www.lse.ac.uk/granthaminstitute/

The Centre for Economic Performance (CEP) is an interdisciplinary research centre at the LSE Research Laboratory.
It was established by the Economic and Social Research Council in 1990 and is now one of the leading economic
research groups in Europe. The CEP studies the determinants of economic performance at the level of the company,
the nation and the global economy by focusing on the major links between globalisation, technology and
institutions (above all the educational system and the labour market) and their impact on productivity, inequality,
employment, stability and wellbeing. https://cep.lse.ac.uk/

Productive and Inclusive Net Zero (PRINZ) is a collaboration funded by the Economic and Social Research Council
between researchers from Imperial College Business School, the London School of Economics and Political Science,
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achieved while ensuring equitable economic growth and good jobs for all. www.prinzproject.io/
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measure and enable productivity across the UK. It is funded by the Economic and Social Research Council (grant
number ES/V002740/1). www.productivity.ac.uk/

The Programme on Innovation and Diffusion (POID) carries out cutting-edge research into how to boost
productivity through nurturing innovation - ideas that are new to the world - and how to diffuse these ideas across
the economy. The programme is funded jointly by the Economic and Social Research Council and the London
School of Economics and Political Science. https://poid.lse.ac.uk/
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Summary

UK investment: too little, too volatile and insufficiently forward-looking

It is now widely accepted that the UK has a major productivity growth problem, with chronic
underinvestment across both the public and private sectors being a key cause. Continued low public
investment, as laid out in the Chancellor's Autumn Statement of 2023, and ongoing barriers to business
investment in productive and sustainable assets, are inconsistent with success in international markets
and will likely lead to more stagnation.

Investing in the opportunities afforded by the global transition to an efficient, resilient and inclusive
economy needs to be a bigger part of restoring productivity and output growth for the UK to gain a
competitive lead in the innovative markets of the 21st century.

Too much current investment continues to be in the unsustainable economy, such as development of
new oil and gas fields in the North Sea and the construction of homes and offices that are not energy-
efficient or climate-resilient - this raises costly risks. These include creating stranded assets, significant
financial losses in polluting and emissions-intensive sectors, and an insecure, unaffordable and
unsustainable energy supply. It will also mean that the UK fails to adequately tackle climate change,
biodiversity loss and environmental degradation, including water and air pollution. As the Office for
Environmental Protection has pointed out, the UK is not fully on track to meet any of the 10 goals set by
the Government in the Environmental Improvement Plan in 2023. In contrast, a sustainable, inclusive and
resilient economy would produce significant benefits for productivity growth, driven by innovation and
efficiency, which would reduce harmful waste and pollution and support people’s health by planning
more liveable cities and by improving access to nature.

Investment policy should be forward-looking, based on what the economy can be rather than what it
has been in the past. Decision-makers should no longer be caught out by the rapid pace of change. The
Government’s Green Book appraisal and evaluation guidance highlights the limitations of cost-benefit
approaches when dealing with policies designed to steer transformational, systemic change. An
alternative risk-opportunity analysis approach is less reliant on historical trends for data and can help
shape clean, digital future markets by steering paths, inducing innovation and kickstarting the clean
innovation machine. The alternative of fostering fossil fuel technologies of the past, without setting up
complementary institutions to resist influence from incumbent vested interests, poses significant
economic risks.

Innovation is key to reducing costs, boosting efficiency and profiting from opportunity

The competitive economy of the 21st century will be based on resource-efficient innovation. But this
requires early investment in a range of future-proofed assets to substitute fossil fuel and resource use,
and to reduce waste and pollution.

Innovation to drive down costs and get more out of the resources the UK uses will be key. Research
shows that developing British excellence in innovation has knock-on effects: knowledge spills over from
one technology to another, boosting productivity, and strengthens skills and expertise in the workforce.

As a centre of innovation, the UK is well placed to lead the competitive race to build knowledge networks
and supply chains for the goods and services of the 21st century. Once a country or region embarks on a
high-innovation, high-productivity path, that path tends to reinforce its technological lead with new
knowledge clusters and supply lines, attracting high-skilled jobs and promoting the country’s competitive
advantage.

Digitisation and responsible use of artificial intelligence (Al) will be central to the transition to a
sustainable and efficient economy, optimising systems through real-time monitoring and management
and contributing to the speed, efficiency and effectiveness of the new economy.



Government must immediately boost investment

Investment needs to cover all key sectors: energy, transport, housing and industry, plus agriculture and
waste. It affects how land is used and shapes the connectivity of cities. It helps tackle climate change,
biodiversity loss and environmental degradation, including water and air pollution, across the country.
Productivity is driven by efficiency, and investment in resource and energy efficiency gets more out of the
country’s resources and drives competitiveness in global markets. The investments inevitably will be
front-loaded, substituting capital for fossil fuels, and reducing waste and pollution.

Much of the needed investment will come from the private sector, but government has a basic role to
play in helping to guide investors towards profitable, future-proofed assets and strategically creating
new markets, while enabling workers to participate in the 21st century economy.

We estimate that the UK needs to increase annual public investment by around 1% of GDP (£26 billion at
current prices) to make up for decades of underinvestment in its physical, natural, social, knowledge and
human capital, to deliver on the need to tackle climate change, biodiversity loss and environmental
degradation, and to be economically productive, efficient and competitive in the future.

Together with a coherent set of public policies to drive innovation and address gross systemic
inefficiency, this would help crowd in private investment in tackling climate change, biodiversity loss and
environmental degradation, and could form part of a rise in annual overall public and private investment
that taken together is equivalent to at least 3% of GDP, or £77 billion.

It is clear that the imperative to create a sustainable, inclusive and resilient economy is one of the
starkest and most radical drivers of human ingenuity, inducing innovation and boosting efficiency and
productivity. The growth story that will be created will be much more attractive than the dirty,
destructive models of the past. Connected cities in which people can move, breathe and live fruitful and
productive lives can be expected to attract knowledge clusters and high wage jobs to supply the 21st
century economy. A sustainable agricultural sector would boost biodiversity, reduce pollution and waste,
and improve food security. Inclusivity is key, to enable full utilisation of the country’s diverse human
resources, enable regional levelling up and promote social justice. Left unaddressed, distributional
impacts during the transition to net zero can act as sources of friction that slow down and derail efforts.

New methodologies are needed to utilise the economic toolkit

It is impossible to forecast accurately what impact the deployment of key technologies and systems will
have on costs and productivity. But what is known with great confidence is that delay or inaction will
substantially increase the costs and close off opportunities. In key sectors, deployment stimulates cost
reductions and cost reductions induce increased deployment. Moreover, the spillovers and impacts from
one sector to another, and more broadly to institutions and consumer behaviour, are large.

Such reinforcing, potentially self-fulfilling, systemic feedback is unstable and makes detailed predictions
impossible: all leading analysts were caught out by the pace of change in key renewable and energy
efficiency technologies. Nevertheless, this feedback is happening worldwide and at an accelerating pace.
It makes policy all the more important, because its effects are amplified. It also heightens the costs of
weak, inconsistent or delayed policy and calls for a coherent strategy. There are limitations to setting
policy by looking in the rear-view mirror; we suggest in this report practical approaches to assessing risk
and opportunities from a sustainable transition.

The economy creates opportunities faster than they can be modelled, so analysis and policy must be
adaptive.

Designing the future is easier than forecasting it

We have no detailed quantitative grasp of what an intelligent, sustainable and resilient economy will look
like by 2050. What we do know, with confidence, is that anticipating, managing and steering any
transition is likely to reduce costs.

Conventional cost-benefit approaches are inappropriate tools for assessing non-marginal structural
change. The key cost parameters change as a result of the actions we take and the innovation pathways
we generate.



Technological and behavioural adjustments with reinforcing feedback are hard to model. Perhaps this is
why they are too often ignored by economists. In fact, these dynamic processes imply that forecasting
optimal pathways is unhelpful. The best that can be done is to guide the economy in the appropriate
direction.

Rather than attempting to provide long-term forecasts, economists would do better to focus on better
informing decisions regarding future risks and opportunities, while guiding technological and behavioural
innovation tipping points.

The Office for Budget Responsibility and the Treasury could usefully undertake a thoroughgoing review of
their forecasting methodologies, setting out their approach to modelling large-scale risks and
opportunities in compliance with the recommendations of the Government’s Green Book guidance
relating to strategic investment.

The risk-opportunity assessment needs to go beyond the impact on growth and productivity of a specific
investment (often termed the ‘growth multiplier’), given the path-dependent and systemic nature of a
structural transition. The effect of each policy and each investment depends on its interactions with
others and cannot be assessed individually. A broader strategy is required to assess value for money.

Investment and growth would set public finances on a sustainable path

The direct public finance required to support this transition should not be expected to worsen public
debt/GDP dynamics. Indeed, by facilitating long-term resilient growth, borrowing to invest is the only
way to secure enduring public debt sustainability. As with all risk-opportunity-based strategies for
assessing a structural transition, the precise magnitude of the change cannot be quantified. But the
alternative of paring back or delaying vital investment at this critical time is likely to prove to be
economically and fiscally irresponsible as well as environmentally damaging. The balance of risks and
opportunities is clear and is illustrated by evidence.

A key distinction needs to be made between real resource costs, which are lost to the economy, and
investment costs, which yield future returns. The public sector should take further strides to monitor
public and broader national net worth, recognising that raising debt to enhance core assets bolsters
financial sustainability.

Sustainable growth also comes from productive investment right across the economy, some of it in less
technologically innovative sectors such as home insulation, improved grids and social support such as
skills retraining, housing, health, education and transport, to enable people to take advantage of the
opportunities of a changing economy. This is a whole-economy transformation.

There will be upfront investment costs to delivering the transition to sustainable, inclusive and resilient
growth, but targeted and temporary borrowing for good public net investment reduces the debt-to-GDP
ratio over time and is fiscally responsible. Scarce public resources should be targeted at sectors close to a
technology or behavioural tipping point. Indeed, the bigger political risk is that fixating on investment
costs results in a failure to notice and avail of the biggest opportunity for economic renewal in a
generation.

The path of interest rates is critical for debt sustainability, particularly as capital is substituted for fossil
fuels. However, the evidence suggests there is little shortage of global desired saving. Moreover, once
current capacity constraints begin to abate, nominal and real interest rates will likely drop back to
historically low levels.

Fiscal rules need to be adjusted to account for the net investment in core assets and the preservation of
net worth. It is incomplete accounting to ignore the asset side of the balance sheet and focus solely on
the liability side.

Once the UK's sustainable innovation system is up and running, government support can be phased
down, as new, more efficient and productive industries increasingly outcompete the old and generate
their own global revenues and inward investment. By contrast, inaction would likely prove costly to
economic competitiveness and financial resilience and require costly remedial support later on.



Credibility and coherence create an enabling environment

Stimulating sustainable investment in highly regulated sectors including energy, transport and housing
need not require huge sums of public expenditure on deployment or innovation. Equally important is
clear, credible and predictable policy intervention, which is often financially costless.

Consistent predictable and coordinated policy frameworks, based on a national growth, innovation and
skills strategy, can provide investors and companies with greater clarity and confidence that investment
will be profitable in the sustainable and carbon-constrained markets of the future.

To attract private capital, the Government needs to make clear its commitment to an innovative and
competitive sustainable economy through creating and enabling a stable policy environment, and make
efforts to catalyse private finance. Resource and carbon pricing (that raises public revenues) and
ambitious standards or regulations are highly effective ways to shift private activity. R&D and
deployment policies, systemic reform and new institutions will also complement direct infrastructure
investment.

Guiding expectations is critical to abating perceived policy and regulatory risk and lowering capital costs.
Evidence shows that when economic actors anticipate a supportive framework, they will seek to profit
from new markets and act in ways that reduce the costs of a new technology by deploying sustainable
and resilient investments.

Choices need to be made, technologies induced and markets created

Strategic choices need to be made - there is no such thing as a technology-neutral choice. Avoiding
change is a choice that will, unavoidably, advantage incumbent technologies that have extensive legacy
assets (physical, human and knowledge), deep pockets and established lobbying networks, even if they
are ultimately more expensive.

Inevitably, there will be some instabilities and setbacks along the way, which must be anticipated and
managed, but investments in sustainable technologies and infrastructure are set to reduce costs for UK
businesses, improving productivity and profitability over time. This in turn would fuel increasing returns to
scale in production, where investment in knowledge begets increased output and resources for further
investment: a virtuous-growth spiral.

Inconsistent, weak or delayed policies have consequences: against the backdrop of a global structural
transition, these consequences can be amplified. The economic risks of the UK being behind on some of
the fastest growing markets are substantial. Markets increasingly recognise that the infrastructure, skills
and ideas of the past century can quickly become a liability and asset valuations and capital costs will
increasingly reflect this.

Coherent strategy and new institutions must be created

Institutional capacity, better understanding of the nature of the problem, and incentives to deliver
change rather than just set targets are required. Public institutions should invest in the capacity and
expertise to fully understand the process of structural change, the returns to investing in core assets and
the management of risk and uncertainty.

It should be made easier for policymakers to be held to account for inadequate infrastructure, expensive
leaky houses, uncompetitive firms and vulnerability to global energy crunches, as well as congested,
polluted cities. Access to core enabling assets such as health, education and skills can provide positive
returns within years. Better measurement of public net worth is a prerequisite.

The UK requires a dedicated, independent policy institution, focused on finding solutions to the
productivity problem. It would need to ensure that industrial policies are embedded in a lasting and
coordinated growth strategy, along with policies to ensure that risks and opportunities are shared. It
should explicitly and transparently consider where there are synergies and trade-offs between
sustainability and productivity objectives over different timescales, and what this implies for policy.

There is a need for a skills strategy to accompany the growth strategy. This would be based on strategic
sectors and technologies, including clean, resource-efficient technologies and Al.



Managing disruption is key

The biggest challenges to the transition to a sustainable, inclusive and resilient economy are not
technological or economic: they are political and behavioural. Management of dislocation is central to
equity and to successful action and political feasibility. Fundamental structural change inevitably involves
dislocation in the workplace and changing relative prices, with some costs rising before ultimately falling.

Near-term political risk from disruption relating to a clean transition must be recognised and mitigated.
Care must be taken to understand and respond to the distributional impacts of all policies as part of a
coherent skills and growth strategy. Workers will need to be reskilled and retooled so they can benefit
from the opportunities of the new economy. People on low incomes will need support as early investment
costs of the transition are passed on.

Grasping opportunity and minimising risk

The transition to a sustainable, inclusive and resilient economy is a genuine opportunity for the UK to
drive innovation and competitiveness and rekindle productivity growth. This requires a coherent, credible
and targeted set of policies to raise living standards, manage disruption and unlock new, intelligent and
sustainable forms of growth.



1. Introduction

The UK faces large-scale investment needs across both the public and private sector. On the public
investment side, government faces constraints on the ability to increase taxes further and with a high
debt to GDP ratio and high interest rates, there are concerns around the sustainability of increasing
borrowing for investment. But there is mounting evidence, as we document, that targeted and
temporary borrowing to invest in sustainable technologies and infrastructure would prove cost-effective
and beneficial to the UK’s living standards and economic competitiveness by increasing productivity and
economic growth. The alternatives of low investment or unsustainable investments in high-carbon
technologies and infrastructure would only generate sluggish growth, limited profits in the marketplace
of the future, and stagnant levels of productivity. Investing in inefficient and outmoded assets that will
be stranded, devalued and replaced later would also generate higher costs over time.

Investments in core assets, including physical, natural, knowledge, human and social capital, drive
growth in income and opportunity. Both the scale and nature of the investment matter. Investment
expands the array of productive assets which, by their nature, drive labour productivity, earnings and
income. These assets (or forms of capital) can be produced (the buildings and infrastructure we rely on),
can be human (the skills and training of our workforce), can be intangible (the ideas, processes and
institutions which we deploy), or can be natural (the essential building blocks of socioeconomic
possibility: the clean air, water, stable climate and biodiversity on which we rely).

At a time when the economy is undergoing significant structural change, the direction of investment is
as important as its size and type. This must recognise the rapid evolution of global structural change
such that new assets are resilient, future-proofed and take full advantage of the opportunities of the 21st
century, while minimising the risk of becoming destroyed, devalued, redundant or stranded.

In the past one to two decades, many parts of the world have experienced a macro position in which
planned investment has been too small in relation to planned saving, which has resulted in persistent
near-zero neutral real interest rates and low productivity growth, as we show. The recent rise in nominal
interest rates does not fundamentally alter this underlying shift towards stagnation, nor is it explained by
a rise in desired investment. One of the features of the past two decades is that investment in advanced
economies has not risen in the presence of ‘free money’ (Zenghelis et al., 2023). Part of the answer is
likely to do with a lack of monetisable projects, reflecting mounting perceptions of policy risk in a world
of rapid structural change, where credible leadership and consistent public intervention are of increased
importance.

This report sets out the need for long-lasting institutional and policy frameworks that can induce
investment in a broad range of assets. These assets drive technological, institutional and behavioural
innovation. The report is intended to guide policymakers to manage a structural transition, by taking
advantage of the opportunity associated with the sustainable, intelligent and resilient economy while
minimising the disruption and the risks associated with assets being left redundant and devalued in the
economy of the 21st century. The report makes the case for a strategic approach, noting that inaction is
a choice that raises the cost of capital, reduces competitiveness and favours inefficient and unproductive
economic activity.

Structure of the report

e Section 2 describes the UK's three-decade-long poor performance on investment and
productivity, highlighting the need for substantial investment, over the next two decades in
particular, to boost productivity that in turn drives wage and income growth.

e Sections 3-4 explain why investment in the transition to a sustainable, inclusive and resilient
economy, and restoration and enhancement of physical, natural, human, knowledge and social
capital, will be particularly productive, enabling the UK to benefit from some of the fastest
growing global markets. Much of this comes from addressing multiple market failures - situations
where a pure market outcome misallocates resources: for example, because polluters do not pay
for the damage they cause or innovators do not benefit from the research they undertake,



resulting in too much pollution and too little innovation. These market failures interact and lead
to inefficiency and a failure to realise potential in the new dynamic and growth opportunities.
Such investment will drive greater innovation, efficiency and productivity while boosting the
country’s competitiveness.

Section 5 outlines the benefits of sustainable investment to the UK’s energy security. Much of this
investment could be provided by the private sector, but additional public investment will be
critical to leverage these flows of private finance.

Section 6 explains how the high interest rate environment has affected the prospects for
investment.

Section 7 illustrates how targeted and temporary public borrowing for sustainable investment
would reduce the debt to GDP ratio over time, and is thus the only fiscally responsible option.
These sustainable investments would drive fundamental structural and systemic change in the UK
economy, profoundly improving cities, land, energy, transport and water. How these systems
change and interact over the next two decades will be crucial to shaping the economy, as well as
to productivity and growth. While this makes it impossible to predict a precise impact from each
sustainable investment, the risks to the UK economy of weak policy and low or unsustainable
investment are severe.

Section 8 outlines key implications for policy, recognising that these do not necessarily mean high
public spending, but could include setting of standards and regulations, and may even raise
additional public revenues (for example, through carbon pricing). Most important of all is policy
coherence and effectiveness and attention to fairness. Policies that are clear, credible and
aligned, and not prone to unexpected adjustment or reversal, and that can gain and maintain
crucial public support would be most likely to attract investment and boost prosperity.

Section 9 presents summary recommendations for government and concludes.



2. The UK needs substantial investment

The UK has a major productivity growth problem

Output per hour worked in the UK has risen by just 0.7% a year on average since the global financial
crisis (authors based on Office for National Statistics [ONS], 2023a). This is much lower than the average
annual growth rate of 2.1% that occurred in the 14 years prior to the crisis (ibid.). The UK is not alone in
seeing a slowdown in productivity growth since the financial crisis, but it is one of the worst affected
advanced economies (Oliveira-Cunha et al., 2021). Indeed, had the UK’s annual output per hour
continued to grow on its pre-crisis trend, it would have been 24% higher than it was in reality in 2023
(Van Reenen and Yang, 2023).

The UK's productivity levels are also lower than those of some of its main peers: the UK market economy
is about 28% less productive (in real value added per hour) than the United States, 13% less productive
than France and 14% less productive than Germany (ibid.).

Productivity matters for living standards. The UK’s weak productivity growth has directly translated into
lost growth in wages and income: real wages grew on average by 33% per decade from 1970 to 2007,
but have flatlined since the global financial crisis (Resolution Foundation and Centre for Economic
Performance [RF and CEP], 2023a). Fifteen years of lost wage growth has cost the average worker
£10,700 a year (ibid.).

Moreover, as the UK's productivity growth and investment levels have stagnated, inequality between
both households and geographical places remains very high compared with other European countries (RF
and CEP, 2023a). More worrying from the point of view of economic opportunity and wellbeing has been
the widening inequality in access to core assets such as connectivity, transport, housing, medical
facilities, education and childcare (ibid.). It is these assets that determine an individual’s ability to
improve their circumstances and avail themselves of the opportunities an economy has to offer.

Increasing the UK'’s growth rate requires a substantial investment programme

The UK'’s chronic underinvestment in fixed capital has been a key feature explaining its relative
underperformance in both productivity growth and levels and the relative decline in living standards (Van
Reenen and Yang, 2023; Brandily et al., 2023) .

Figure 2.1 shows that the UK's investment rate (including public and private investment) has been below
the G7 average for some time. In the period from 1993 to the present day, gross fixed capital formation
averaged near 18% of GDP in the UK: in the US it averaged 21% and in France and Germany 22% of GDP
(authors, based on IMF, 2023b). Compared with the rest of the G7 as a whole, the UK invested 4.7
percentage points less as a share of GDP annually on average over this period (ibid.). The UK’s
investment rate has also taken a hit following the global financial crisis, remaining 0.7 percentage points
lower on average in the years since the crisis compared with the 14 years prior to it (ibid.). This
underinvestment has resulted in a fall in the rate of growth of capital per person and per employee
(Brandily et al., 2023).

Boosting investment will be crucial for raising the UK’s growth and productivity growth rates. Indeed, the
World Bank (2024) demonstrates the positive impact of investment and growth strategies on economic
performance, using worldwide examples. Furthermore, analysis of international data shows that
sustained ‘growth accelerations’ (periods where GDP per capita is high over a long period) are strongly
associated with ‘investment’ booms (periods where the growth in capital stock per person is high over a
long period) (Brandily et al., 2023).® There is also compelling evidence that infrastructure investment

Productivity figures for the market economy are more reliable than those for the whole economy, as public sector output often lacks a market
price and has to be estimated through various methods including, in some cases, inputs (which assumes zero productivity change).

The slowdown in ‘Total Factor Productivity’ has been large in all countries. In addition, the UK has not benefitted from an acceleration in
human capital accumulation of the kind seen in France and Germany (Van Reenen and Yang, 2023).

By looking across the cycle, these studies account for the fact that higher growth causes higher investment, which itself drives higher growth.
By raising demand faster than supply can keep up with, such accelerations in investment are not always sustainable in the short run, and can



boosts growth (Ramey, 2020), and the G7 economies demonstrate a positive correlation between GDP
growth and investment in capital as a share of GDP over the past four decades (see Stern et al., 2021) -
see Figure 2.1.

Figure 2.1. Investment rates for G7 countries, 1980-2023
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Note: 2023 values are estimates. Investment is defined as Gross Fixed Capital Formation.
Source: Authors’ analysis of International Monetary Fund, World Economic Outlook Database, October 2023 (IMF, 2023b)

How much is needed and where?

To make up for decades of underinvestment in its physical, natural, human, knowledge and social
capital,* to deliver on the need to tackle climate change, biodiversity loss and environmental
degradation, and to be economically productive and competitive in the future, the UK needs to increase
annual public investment by the equivalent of at least 1% of GDP,s or £26 billion (at current prices),¢ as
part of a rise in annual overall public and private investment equivalent to at least 3% of GDP, or £77
billion. Indeed, if UK private investment had matched the average of France, Germany and the US since
2008 - which would have required additional investment of just over 2% of GDP each year - the UK's
GDP today would have been nearly 4% higher, enough to raise average wages by around £1,250 a year
(Brandily et al., 2023).

This sustainable investment should enable the UK to accelerate action in tackling climate change,
biodiversity loss and environmental degradation, including air and water pollution. The annual report of
the Office for Environmental Protection, published in January 2024, found that the UK is not fully on
track to meet any of the 10 goals set by the Government in the Environmental Improvement Plan in
2023. It concluded that more investment was needed across a range of areas.

reflect an overheated economy. This effect is commonly referred to as the multiplier-accelerator effect. The multiplier makes output rise
following an increase in investment, and the accelerator makes investment increase when output increases. Once expansion starts, the level
of output growth consistent with more investment levels off, growth slows and the accelerator weakens, slowing the expansion. Lower growth
then leads to a reduction in investment and causes incomes to decline, a process that breeds unsustainable cycles.

Some of these outlays, including investments in teachers and the provision of core social support, are scored as current consumption and do
not enter the investment figures. However, by delivering future returns they can be conceptually considered investment in human, knowledge
and social capital.

> UK public sector investment is expected to be 3.6% of GDP in 2024, but will fall to 3.1% in 2028-29 under current plans to hold capital
departmental spending flat in cash terms (OBR, 2023c). Cross-country studies of the effectiveness of public sector capital in boosting private
sector output suggest governments should be investing around 4.5% of GDP (Odamtten and Smith, 2023).

Based on the Office for Budget Responsibility’s Economic and Fiscal Outlook of November 2023 where the UK’s outturn nominal GDP for
2022-23 is estimated at £2,552 billion (OBR, 2023c¢).



This investment needs to be in the sustainable economy in its entirety, encompassing not just what are
conventionally labelled as ‘green’ industries but also in reducing the environmental damage caused by
economic infrastructure, from schools and hospitals to roads and information management systems.
Such an investment programme will mean working with the investment cycle, as redundant capital is
retired and replaced. Even when it comes to replacing worn-out capital, sustainable investment will still
be front-loaded, because it will be substituting capital for dependence on fossil fuels across systems in
energy, transport, buildings and industry. Put simply, resource-efficient capital, for example making
schools and hospitals more energy-efficient, is more expensive upfront than the seemingly cheaper leaky
alternative, but it pays for itself through lower bills (for example, see Fetzer et al., 2022). Place also
matters and significant investment in the UK’s cities outside London will be needed, to improve economic
performance and opportunity across the country (Brandily et al., 2022; UK Urban Futures Commission,
2023).

While we consider a broader definition for what constitutes sustainable investment, the UK’s Climate
Change Committee (CCC) makes an assessment specifically of the capital investment requirements of
the technological transformation required to bring UK emissions to net zero by 2050. It estimates that
the country needs to ramp up its annual additional investment (relative to a no-action counterfactual)
to over £40 billion as early as 2025, and maintain it at a ‘new normal’ level of around £50 billion from
2030 to 2050 (Figure 2.2). This additional investment is equivalent to less than 1% annually of projected
GDP over this period. The Office for Budget Responsibility has estimated that about £14 billion of this
annually by 2030 will need to be public investment. If well executed and embedded in a new growth
strategy for the UK, such an increase in investment will not only be fully offset by the operational cost
savings it delivers over time (see Figure 2.2), but will also deliver high returns in terms of productivity, new
opportunities and the environment (Stern and Valero, 2021) .7

Figure 2.2. Capital investment costs and operating cost savings in the CCC’s Balanced Net
Zero Pathway
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Note: CAPEX refers to additional annual capital investment. OPEX refers to savings due to operational cost reductions.
Source: Sixth Carbon Budget, Climate Change Committee (CCC, 2020)

Savings rates and sources

Were the UK to carry out a substantial investment programme without borrowing from abroad and
without running significant current account deficits, it would need to increase its saving rate (see Section
7). Over the period 2010 to 2023, the UK’s average saving rate lagged behind almost all the other

7 Also see Section 4 for a discussion of the co-benefits of decarbonisation and Skidmore (2023) for an extensive review of the evidence on the
economic and environmental opportunities for the UK from transitioning to a net zero economy.
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advanced economies (see Figure 2.3). In 2019, the UK’s net national saving was 0.6% of GDP, less than
one-tenth of the OECD median (Brandily et al., 2023).

Funding net investment in sustainable and inclusive growth through borrowing from abroad implies
foreigners increasingly owning more UK assets than UK citizens own abroad, with the returns to
investment increasingly accruing to non-UK citizens. A key source of domestic saving is household
pensions. Policies such as an increase in the minimum savings rate within auto-enrolment, for example
by levelling up the minimum contributions by both employers and employees to 6 percentage points,
would increase the returns to British consumers from domestic investment in the economy of the 21st
century (ibid.).

Domestic saving can be undertaken by government, households and firms. Successful firms most often
invest retained earnings and borrow from consumers who want to save for pensions and other occasions,
returning the proceeds from investment to households in the form of dividends and interest. In the UK,
this is too often not the case, with companies returning more in dividends and interest and limiting their
net borrowing to invest. At the same time, consumers and the public sector undertake net financial
borrowing for current consumption and investment part-funded by proceeds coming from foreign savers
(Stern and Zenghelis, 2021). This is unlikely to be sustainable. It also raises the unappealing need to rein in
UK current consumption, in order to make room for domestic investment without further recourse to
borrowing from other countries.

Figure 2.3. Gross national savings rates and total investment rates for selected advanced
economies, averages between 2010 and 2023
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Source: Authors’ analysis of International Monetary Fund, World Economic Outlook Database, October 2023 (IMF, 2023b),
drawing on Wolf (2023).

Assessing risk and opportunity in times of structural change

A further policy challenge relates to quantifying the benefits from policies designed to steer structural
change. The fact is, these cannot be quantified against arbitrary counterfactuals. We have no detailed
picture of what a clean or dirty economy will look like by 2050. What we do know, with confidence, is
that a delay in anticipating and managing any transition is likely to increase costs.

The current policy agenda requires steering the UK economy through technological change, innovation,
reskilling people and repurposing financial and public institutions. Conventional approaches fail to
adequately account for the dynamics of societal and technological change (Stern, 2018). Risks are
underestimated, and economic opportunities from innovation are generally not assessed in practice.
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The Government'’s Green Book Appraisal and evaluation guidance highlights the limitations of cost-
benefit approaches in the case of non-marginal, irreversible, systemic transformations that are subject
to uncertainty (see Annex 7, HM Treasury, 2022). Fundamental uncertainty makes precise costs and
benefits unknowable. When the South Koreans took a strategic decision post-war to diversify out of rice
production and into ships and steel, and thereafter into electronics, no one attempted to quantify or
compare paths through cost-benefits. The best that can be done is to give illustrations of the
consequences of decisions in the face of risks and opportunities.

A number of authors (e.g. Mercure et al., 2021) recommend a risk-opportunity analysis (ROA) approach
and conclude that in place of inaccurate quantification. Sharpe et al. (2021) state, “the preferred policy
option can be determined by the decision-maker based on a qualitative judgment of the scale of the
opportunities and risks, compared to the cost of the intervention. This will necessarily be a subjective
judgment (since it incorporates a weighing of outcomes in different dimensions), informed by an
objective assessment of likelihood and magnitude of possible outcomes in each of the relevant
dimensions.”

Notwithstanding the modelling difficulties, the rapidly changing landscape of risk and opportunity
requires strong action and we know enough about policy to begin travelling down the path of an
attractive low-carbon transition (Stern 2018). It is clear that reaping the benefits of a more productive
and sustainable economy requires capital investment upfront, but its influence on output (net value
added) is likely to be very strong, particularly when taking into account the reduced dependence on the
flow of fossil fuel inputs that will occur in the future (and additionally the reduced requirements for
mining, transportation and refining capacity). The challenge is as much about increasing the efficiency
of capital as it is to increase the investment rate.® The nature and quality of the investment are as
important as the quantity, marking a clear role for government to steer investment in a sustainable,
resilient and intelligent direction, compatible with the technologies, markets and behaviours of the 21st
century.

8 The Incremental Capital-Output Ratio (ICOR) is a summary statistic for the high returns on intelligent, resilient and future-proofed
investment. The growth rate is the investment rate divided by the ICOR. It is the product of the rate of investment and the productivity of
investment. The ICOR is the reciprocal of the marginal product of capital and is often used to assess the amount of capital required to sustain
a particular growth rate.
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3. Sustainable investment is also productive
investment

The rise of clean technologies internationally

The UK's lacklustre performance on productivity and investment has occurred against the backdrop of a
major global transformation towards sustainability, one that has the potential to radically boost
efficiency, innovation and productivity. Countries that lead this transition stand to benefit through
future-proofed, resilient infrastructure, and via building competitiveness in technologies seeing growing
global demand.

The evidence suggests that adopting clean technologies, in combination with digital technologies and
artificial intelligence (Al), induces creativity and innovation across the whole economy and generates
new learning and experience along the way (Dechezleprétre et al., 2017). We are already seeing
increasing returns to scalein the discovery and production of clean technologies (Geels et al., 2021;
Aghion et al., 2016; van der Meijden and Smulders, 2017). A key reason for the sharp reduction in solar,
wind and battery costs is learning-by-doing and experience, which result from expanding deployment.
Learning and experience also lower the costs of installation and maintenance. Costs come down too
because of economies of scale in production, distribution and maintenance. The unit-cost benefits
accrued from larger production and distribution networks reflect large, fixed costs where, once initial
fixed costs have been incurred, low unit costs encourage increased output (Acemoglu et al., 2012).
Indeed, the potential for cost reductions from innovation and technological learning is higher for clean
technologies than for fossil fuels: the costs of certain clean technologies have dropped almost
exponentially in recent decades, while the price of fossil fuels has remained roughly constant for more
than a century (Way et al., 2022).

Falling technology costs accelerate further deployment and investment in supporting networks,
infrastructure and institutions.? This in turn makes deploying new technologies more attractive -
generating a virtuous cycle of innovation, investment and falling costs. Some economists balk at such a
reinforcing form of feedback, because including these would make their models unstable (think of what
happens when you put a microphone in front of a speaker) and this has complicated the task of
modelling the costs of the transition to a sustainable, inclusive and resilient economy (see also Section
8). But it is a feature of the real world, and failure to anticipate reinforcing feedback effects leads to
over-estimation of adjustment costs.

Costs have fallen faster than expected

In contrast to pessimistic forecasts from almost all analysts, which we outline below, policies supportive
of research into, and development and deployment of new technologies have already driven remarkable
and unexpectedly large cost reductions in renewable and other energy technologies.

Over the past decade, the cost across the world of both solar photovoltaic (PV) generation, and battery
storage necessary to address intermittency of supply, has fallen nearly tenfold, while offshore wind costs
have fallen by more than half (see Figure 3.1, Grubb et al., 2021a; and Way et al., 2022). In many parts of
the world, renewable energy is now cheaper than fossil fuel-based alternatives (Holder, 2019).%°

? For example, once electric vehicle (EV) infrastructure is rolled out, the incentives to conduct research and development on electric cars
increase relative to combustion engine or fuel cell vehicles. Volvo will stop producing combustion engine cars from 2019 and start focusing its
R&D on EVs; other manufacturers are sure to follow.

9 With every doubling of solar PV deployment, the price drops by 30%; it is currently falling by ~10% every year. Over the past 70 years, the cost
per kWh of solar energy has fallen by 99% while the price of coal has remained about the same.
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Figure 3.1. Evolution of installed capacity and cost of solar PV and wind energy, 2010-2020
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Turning specifically to the UK context, analysis by the Office for Budget Responsibility demonstrates that
even before the large spike in fuel prices that followed Russia’s invasion of Ukraine, renewable electricity

generation costs were comparable to the cost of gas-based generation, despite the higher systems costs
associated with renewables (Figure 3.2; OBR, 2023b). Rising prices rendered generation from renewables
considerably cheaper than generation from gas (ibid.).

Figure 3.2. lllustrative enhanced levelised cost of energy
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Note: Additional systems costs are the mid-point of high and low scenarios used by the Department for Energy Security and Net
Zero (DESNZ) (formerly the Department for Business, Energy and Industrial Strategy [BEIS]). Under OBR analysis, these are
rebased to be relative to a reference technology, i.e. the additional systems costs of gas, in line with the literature. Additional
fuel costs are calculated by scaling up BEIS estimates of fuel costs in 2025 to account for the gas price in OBR’s Economic and
Fiscal Outlook forecast of March 2023.

Source: Reproduced based on Office for Budget Responsibility (OBR, 2023b) analysis of DESNZ data.
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Forecasts of technology costs now suggest that the world will have cheaper energy (and in time cheaper,
more efficient and better performing cars [see BloombergNEF, 2021]), largely as a result of policy
initiatives to steer investment in clean technologies. Most economists failed to predict this and the
markets alone would not have delivered it, as the technologies were initially too expensive to be viable.

Most analysts, including the International Energy Agency (IEA; see Figure 3.3)," have long
underestimated both how fast the costs of renewables would fall, and (largely as a consequence) the
scale of their deployment (Roberts, 2015; We Mean Business Coalition, 2023; Way et al., 2022). They have
been routinely caught by surprise by the speed with which reinforcing feedback changes the energy
landscape, which means they have systematically underestimated the pace of innovation and
deployment in renewables. A striking example lies in solar PV costs: in 2014, The Economist described
solar PV as “the most expensive way to reduce carbon emissions”. By 2020, the IEA argued that it was
generating “the cheapest electricity in history”.

Figure 3.3. The faster-than-predicted rise in capacity and fall in cost of solar power
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Notes: Forecasts by year vs. outturn. Left-hand figure uses ‘new policies scenarios’ from the World Energy Outlooks of 2010-18
and the ‘stated policies scenarios’ from the World Energy Outlooks of 2019-22. Right-hand figure calculates capital costs using
the experience curves from the IEA and IRENA datasets. Years on the x-axis indicate when the forecasts were made and colours
are consistent across both charts.

Source: We Mean Business Coalition (2023) analysis of IEA’s World Energy Outlooks, 2006-22 and IRENA (2019).

A similar story is also true for the UK government’s own analyses, with renewable costs in the country
repeatedly falling faster than predicted over the years (Figure 3.4; OBR, 2023b). Simon Sharpe, who was
a government advisor in the early 2010s, wrote “Subsidising offshore wind when it costs three times the
market price must have required guts from ministers.” Few guessed that within a decade costs would fall
by 70%, outcompeting coal and gas (Grubb et al., 2021a). Technology-neutral market design at the time
would instead have chosen cheaper biomass to subsidise. As Sharpe contended recently, “it is hard to
argue that burning wood pellets, once the cheaper option, would have been a better bet” (Sharpe,
2023).

" This chart is not intended to form a criticism of the IEA’s forecasting record. The IEA is arguably the most authoritative body to make such
projections, and all major analysts underestimated the scale of the transformation in the electricity sector. Rather, we are drawing attention
to the Dornbusch phenomenon that dictates, in economics and markets, “Things take longer to happen than you expect; and then happen
faster than you thought possible.”
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Figure 3.4. Successive UK government forecasts of renewable generation costs versus outturns
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Note: Renewable generation costs are expressed as the levelised cost of electricity (LCOE). A moving average trendline was
fitted around the historical projections, as these were forecast at five-year intervals.

Source: Office for Budget Responsibility (OBR, 2023b) analysis of DESNZ data.

Until a few years ago, electric vehicles (EVs) were widely seen as expensive playthings for rich people. Yet
no serious auto manufacturer is now investing meaningful sums of scarce R&D in the combustion engine.
The aim is to dominate the mass-market in EVs (see Figure 3.5).7

Figure 3.5. Global electric car sales and share of global car sales, 2010-2023
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Source: International Energy Agency (2023a).

2 Until recently, Toyota was pushing hydrogen vehicles but it too has now aligned with the pack in developing EVs, not least in recognition of
the network effects from the corresponding expansion of charging infrastructure.
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Based on policies already in place and under development, there will be nearly 10 times more EVs on the
road by 2030 than today (IEA, 2023a), by which time renewable energy sources are expected to supply
nearly half of all power (IEA, 2023c). Transformative cost reductions are also occurring in other key
technologies, such as fuel cells and even electric and synthetic fuel aviation. One study estimates that by
the end of this decade, tipping points for crucial low-carbon solutions will have been triggered in sectors
representing 90% of emissions, making them cheaper than conventional fossil fuel technologies in key
markets (Systemiq, 2021).

New manufacturing supply chains and supporting services will be at the core of this transition. Important
spillovers will occur from clean technologies into other sectors, including health, defence and housing.
Sometimes, innovations involve new technologies and new products, but they may also be embedded in
conventional products such as housing and glass (Llewellyn et al., 2020).

The importance of innovation in a technological transition

Overcoming dynamic market failures, in order to generate dynamic rather than static efficiency, has the
potential to change the world economy. This understanding was first outlined by Nobel laureate Paul
Romer, and Philippe Aghion and Peter Howitt, when they formalised the theory of endogenous
technological change (see Romer, 1990 and Aghion and Howitt, 1993). It is central to the task of
efficiently managing the transition to a sustainable, inclusive and resilient economy.

As costs have become increasingly competitive, global investment in clean technologies - including
renewables, EVs, nuclear power, grids, storage, low-emission fuels, efficiency improvements and heat
pumps - is already outstripping investment in coal, gas and oil (IEA, 2023b). With the flow of investment
in global electricity generation now predominantly in renewables, the IEA recently estimated that they
will overtake coal to become the largest source of electricity worldwide by 2025 (IEA, 2022). In fact,
renewables are now on track to generate most of the world'’s electricity by 2040 (BloombergNEF, 2022).

Innovation is thus essential in determining economies’ ability to decouple growth and consumption from
environmental degradation and use of resources. Yet innovation does not just "happen’ in a vacuum. It is
induced and relies on path dependencies of three kinds (Aghion et al., 2014):

e First, discovery and invention, with scientists working in areas that are well-funded, where other
good scientists work, leading to geographical clustering of research and knowledge production.

e Second, deployment, whereby innovations leverage existing infrastructure and ideas rather than
risk investment in potential new sectors.”™

e Third, incentives for technology adoption, whereby the net benefits of unilaterally switching to an
alternative network rise with the number of others using it.

Economies of scale are derived from a number of powerful factors, including learning by doing,
combinatorial technologies, and behavioural feedback.™ Moreover, the spillovers and impacts from one
sector to another and more broadly to institutions and consumer behaviour are large. When additional
deployment reduces the costs and raises the productivity of systems, they become more attractive, and
more extensively deployed. This then drives further cost reductions. Such a reinforcing system of
feedback is unstable and hard to predict, but it heightens the importance of early policy decisions. See
Box 3.1 for a full discussion of the inter-related forms of feedback.

> For example, conventional cars with internal combustion engines have historically been easier to sell than EVs because the existing network of
petrol stations is far larger than that of charging stations.

" Combinatorial policies and network effects can be extremely important. Without any one of the technologies in question individually being
new necessarily, they may be combined in new or novel ways.
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Box 3.1. Inter-related forms of feedback

e Learning effects. Learning-by-doing and experience curves resulting from expanding
deployment have been key factors in the sharp reduction in cost for solar PV, wind power and
batteries.

e Economies of scale in production and distribution. Costs also come down because of the unit-
cost benefits accrued from larger production and distribution networks. This reflects large, fixed
costs where, once the initial fixed costs have been incurred, low unit costs encourage increased
output.

e Combinatorial policies and network and coordination effects. This is closely related to
economies of scale but reflects the greater advantages of moving in tandem with others, such
that the gains are higher the more economic agents are taking similar action. Sometimes the
networks involve spillovers across sectors. iPhone component technologies, for example, were
comparatively well known before the smartphone went on the market but were combined by
Apple in such a way that the resulting new product swept the world. Apple began a bandwagon
effect that revolutionised mobile communications. The more people with smartphones, the
more developers created clever apps to work with them, the more people wanted to own a
smartphone... and so on.

e Sector spillovers. Not only have sustainable technologies been shown to have predictably higher
cost-reducing learning rates but they have also been shown to have positive productivity
spillovers into other sectors of the economy. Using data on 1 million patents and 3 million
citations, Dechezleprétre et al. (2014) suggest that productivity-enhancing spillovers from low-
carbon innovation are over 40% greater than from conventional technologies (in the energy
production and transportation sectors).

e Social and institutional feedback. Law is based on social norms, the predominant behaviour
within a society, and these norms are the ultimate drivers of legislative change (Posner, 1997).
Business and trade union lobbies from expanding new industries can play a role in
strengthening policy support for emerging technologies (Meckling et al., 2015).

e Consumer tastes and behaviour. Consumer tastes are an important factor in the attribution of
future value to goods and services and can change rapidly. Consumers routinely influence one
another, leading to positive feedback, crowd effects and changing consumption patterns.

Without direct policy intervention, strong inertia and high switching costs often make it difficult at first
to shift the innovation system from dirty to clean technologies.” But once expectations change rapidly,
and technologies switch from one network to another, these effects frequently go the other way, as a
result of positive and reinforcing feedback effects (Krugman, 1991).

All innovation has the potential to boost output, but there is mounting evidence that low-carbon
innovations have a much broader application in other sectors of the economy than the dirty technologies
they replace, with greater productivity-boosting knowledge spillovers (Dechezleprétre et al., 2017). The
size of knowledge spillovers associated with clean technologies is also comparable to those associated
with information and communication technologies (ICT).

Furthermore, government support for innovation in clean technologies is estimated to generate higher
average returns'® than that produced by innovation in other technology categories, including the
“trending’ category containing the likes of Al, 3D printing and robotics (Martin and Verhoeven, 2022;
Curran et al., 2022). These returns also carry geographical patterns that have the potential to support
regionally balanced growth in the UK. For example, investments in clean technologies such as tidal
stream and offshore wind in less innovation-intense regions generate strong returns for those regions

> This is consistent with early slow progress in deployment of decarbonisation technologies.

' Including private returns for the innovator as well as direct and indirect knowledge spillovers for other UK innovators.
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(and little leakage), while such investments in more innovation-intense regions generate strong returns in
these regions themselves and spillovers for the rest of the country (Curran et al., 2022).

These findings suggest that induced investment in low-carbon innovation can ‘crowd in” rather than
‘crowd out’ productive investment, help to offset the costs of climate change regulations and even
encourage economic growth.

One evaluation suggests that the majority of economic activities the UK is expected to see as a result of
moving towards net zero have the potential to be positive for productivity — activities such as investing in
renewable energy, constructing higher efficiency buildings, promoting public transport and restoring
natural ecosystems (Alvis and Sissons, 2022).

Even looking backwards, over the period when renewable and energy efficiency technologies were more
expensive, there has been no detectable difference in economic growth rates between those countries
that adopted emissions-reducing technologies early and those that did not. Yet the early-adopter
countries are in a stronger position to benefit in years to come from a global transition to a net zero
economy.

Behaviours, norms and institutions are also changing

Additional feedback effects, beyond the technology sphere, are likely to accelerate the pace of the
transition to a sustainable, inclusive and resilient economy. As better ways of consuming, producing and
living are found, complementary changes in behaviour, institutions and social norms will evolve (Boyd et
al., 2015). The presence of low-cost alternatives to emitting greenhouse gases has enabled anti-fossil-
fuel campaigners to point to superior energy alternatives (Bradshaw, 2015; Collier and Venables, 2014).

Anti-fossil-fuel norms are already concentrating moral pressure on the largest culprits of climate change
(Green, 2018). A spate of lawsuits have been filed against fossil fuel companies and governments for
deceiving shareholders and citizens by knowingly undertaking or supporting unsustainable and damaging
activities.” At the same time, new business lobbies in fast-growing sectors have over the last decade
begun to challenge the influence of incumbents on policymakers (Lockwood, 2013).

For all the justified concerns about the slow speed of global action, these factors are driving global
climate policies at an accelerating pace: as of June 2023, there were more than 3,100 climate change
legislation and policies in place around the world.®

Changing expectations accelerate the deployment of new technologies (Zenghelis, 2019), which in turn
accelerates cost reductions and policy support (Aghion et al., 2014). Strategic complementarities”” occur
as the payoff to investing in low-carbon technologies rises (and the costs fall) when others are expected
to invest in low-carbon technologies.

Sustainable investment must also be climate-resilient

While there is an understandable and justified focus on the challenge of creating an economy that is
zero-emissions, it must also be climate-resilient. The global impacts of climate change will continue to
increase until the world achieves net zero emissions of greenhouse gases, with some effects, such as sea
level rise, continuing for many decades afterwards. These impacts can cause loss and damage that will
harm the economy and could hinder the transition to zero emissions. For instance, as well as increasing
heat-related morbidity and mortality, the increase in the intensity of heatwaves is damaging the
economy by reducing productivity through failing infrastructure and overheating workplaces.

The UK is exposed and vulnerable to the direct and indirect impacts of climate change, including sea level
rise and the increasing frequency and intensity of extreme weather events such as heavy rainfall and
heatwaves. The impacts of climate change on other parts of the world could have significant

At least 2,341 climate-related lawsuits have been recorded to date globally, 190 of which were filed in a single year to the end of May 2023
(Setzer and Higham, 2023). Around 60 of these were against the so-called ‘carbon majors’ (such as oil and gas companies), and 20 of the 29
cases in the US were filed by cities and states (ibid.).

According to the Climate Change Laws of the World database: https://climate-laws.org

In game theory, strategic complementarities occur when the actions of one player increase the returns to another player taking the same
action, such that the decisions of two or more players mutually reinforce one another.
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consequences for the UK through, for instance, disruption of supply chains, and increases in the flow of
migrants and refugees from affected parts of the world.

Without adaptation and increasing resilience to these impacts, the UK economy will suffer growing loss
and damage. It is essential, therefore, that investments are climate-resilient. In many cases this will just
mean redirecting investment so that it takes the growing impacts of climate change into account.
Additional investment will be needed, but this will be far less than the costs of dealing with loss and
damage.

Investments in new zero-emissions infrastructure and technologies will also need to be climate-resilient.
For instance, investments in improving the energy efficiency of homes alongside the installation of zero-
emissions heating systems to deal with cold weather should also include improvements in ventilation and
passive cooling to cope with hot weather. An increased reliance on air conditioning would be more costly
and increase pressures on the electricity network.

There are no detailed assessments of the level of investment required by the UK to adapt (Watkiss,
2020), which will depend significantly on the magnitude of climate change. Some studies have suggested
that the aggregate costs of adaptation could be equivalent to 1-2% of GDP by 2050.

Protecting biodiversity and enhancing natural capital

The UK continues to suffer from significant loss of its natural capital. The 2023 State of Nature report
found that across the UK 19% of studied species have declined since 1970, and nearly one in six species in
Great Britain are threatened with extinction (State of Nature Partnership, 2023). Unsustainable
agricultural and fishing practices, as well as the impacts of climate change, are the main drivers of loss
of terrestrial, freshwater and marine habitats and species.

About three-quarters of the UK's land is used for agriculture. The State of Nature report concluded that
while one-fifth of farmland in the UK is covered by agri-environment schemes, many of these could not
be considered as ‘nature-friendly’ farming. Furthermore, despite recent improvements, only 44% of
woodland is certified as sustainably managed and only half of marine fish stocks are sustainably
harvested.

The Government has committed to achieve by 2030 a target of 30% of land and sea under effectively
managed protected areas or other areas that are well-managed for nature. At present, 38% of UK
waters are protected but just 11% of UK land is protected by a legal designation for nature conservation.

Restoration projects are being undertaken across a wide range of ecosystems in the UK. For example,
more than 5,000 hectares of degraded peatland are being restored each year, but only 25% of peatlands
are assessed as being in good condition. Similarly, only 14% of priority habitats, including 7% of
woodland, is in a good condition. Large areas of the UK seafloor do not meet ‘good environmental
status’ (the goal for which is set out in the UK Marine Strategy) because of habitat disturbance from
fishing.

A 2021 study found a gap of £44-97 billion between current planned expenditure and the investment
from all sources required for a range of nature-related outcomes across the UK between 2022 and 2032,
including £13-32 billion for protecting and restoring biodiversity (Green Finance Institute [GFI] et al.,
2021).

Tackling environmental pollution and degradation

While pollution of the UK's air and water have reduced markedly from the levels of a few decades ago,
there is still a significant demand for investment to reduce it further. The contamination of streams,
rivers and beaches with sewage has highlighted chronic underinvestment in the water industry. And while
specific policies to tackle air pollution in the UK's cities are currently contentious, the desire for clean air is
not.

A recent analysis by the Wildlife Trusts (Morse, 2023) of data from the Environment Agency concluded
that less than 15% of surface waters (e.g. rivers, lakes) in England are rated as having a good or high
ecological status. The Agency last tested rivers for chemicals in 2019, and every site in England failed,

20



with contamination expected to last for at least the next 40 years. In more than half of sites, levels of
phosphate exceeded limits due to pollution from sewage and farming.

The most recent assessment of air pollution in the UK, published by the Department for Environment,
Food and Rural Affairs (Defra) in September 2023, found that nine of 43 zones exceeded annual average
limits for nitrogen dioxide in 2022. Six zones failed to meet the long-term 2040 limit for particulate
matter, and no zones were compliant with long-term limits for ozone.

A 2021 study concluded that there was a finance gap of £5-15 billion between 2022 and 2032 between
planned expenditure and the investment required to ensure clean water in the UK (GFl et al., 2021). The
National Infrastructure Commission (NIC) estimated in 2023 that to increase water supply, reduce
demand and tackle pollution will require private investment in the water sector of about £12 billion per

year from 2025 to 2030, falling to £8 billion per year from 2030 to 2050 (NIC, 2023).

A report by the Clean Air Fund and Imperial College London (2022) called for £3.3 billion per year (in 2018
prices) to be spent on policies to tackle air pollution across the UK, particularly in urban areas.

Investing in an intelligent economy

The potential to integrate Al and digitisation with the transition to a sustainable, inclusive and resilient
economy will define the growth story of the 21st century. Digitisation and Al can contribute massively to
the speed, efficiency and effectiveness with which net zero technologies are discovered, applied and
upscaled. Al and machine learning (ML) can be thought of as general purpose, economy-wide
technologies that accelerate our ability to get more out of the resources we have - the core definition of
productivity.

Data, information and AI/ML firms are already the world's largest by market capitalisation and are
constantly investing and innovating. Fundamental systemic and structural change will involve complex
systems optimisation for cities, energy, transport, agriculture, water and supply and distribution
networks worldwide. The transition to a sustainable, inclusive and resilient economy and Al/ML will drive
productivity growth across all sectors. It will facilitate the move to more sustainable behaviours and
forms of consumption as well as the discovery of new technologies, inducing and accelerating innovation
tipping points and diffusion cascades.

Waste will be limited by streamlining production. For example, it is estimated that around 70% of the
world’s primary energy is wasted in the form of heat. Efforts to recycle and store wasted heat in
electricity generation and industry can result in substantial cost savings (Forman et al., 2016).* The
Government should urgently seek to reinstate or replace the UK’s now disbanded Energy Efficiency
Taskforce with a coherent strategy to reduce and eliminate waste. Decentralised energy and energy close
to the point of use have a role to play, with cogeneration and Combined Heat and Power (CHP) markets
having been deployed with great success across the UK.

By promoting sustainable practices and lean efficient production, and reducing the demand for new raw
materials, a circular economy can shrink resource extraction, limit environmental degradation and
contribute to mitigating climate change. In a circular economy, the goal is to minimise resource
extraction and waste generation by keeping products, materials and resources in use for as long as
possible. Here too there can be scale economies and boosted efficiency. For example, once a critical
number of electric vehicles are in circulation, it becomes cheaper to recycle batteries than to mine
lithium and cobalt for new ones. A new structural equilibrium can be created.

However, investment in the new economy will require an increase in the use of critical minerals such as
lithium, cobalt and rare earths. Commodities such as copper and bauxite will be in strong demand as
electricity grids are rolled out and it is important that accessing these resources is monitored, to minimise
environmental impact. Real time monitoring and management through connected sensory systems will
be at the heart of this. Critically, once the capital is rolled out and installed, the resource intensity of the

2 The Lawrance Livermore National Laboratory in the US has a graphical representation in its energy flow chart:
https://flowcharts.linl.gov/sites/flowcharts/files/2023-10/US%20Energy%202022.pdf

2 See the UK CHP tools map: https://chptools.decc.gov.uk/developmentmap and also the portfolio of companies such as SEEIT:
https://www.seeitplc.com/portfolio/.
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new renewable and circular system will be much lower than in the fossil based, wasteful linear economy.
Extensive fossil fuel and resource use will be substituted with long-lived capital.

Increasingly, ‘green’ will be about intelligent circularity, innovation and lower cost. It is an area of intense
human creativity and central to productivity growth. There will be powerful health and resilience benefits
from reduced pollution and minimised ecological degradation associated with biodiversity destruction
from mining and transportation.

Decarbonisation can yield co-benefits, many immediately

Contrary to the assertion of some politicians, most — or at least many - of the policies required to
decarbonise the global economy will boost economic growth, not reduce it. Much of this comes from
addressing multiple market failures - situations where a pure market outcome misallocates resources, for
example because polluters escape paying for the damage they cause. That these policies provide a boost
has been demonstrated by a number of authoritative studies. For example:

e A World Bank study found that, compared with business-as-usual, green growth would produce
immediate positive effects on the economy, when taking proper account of co-benefits (e.g.
reduced local pollution); growth in new ‘green’ sectors; and reduced energy price volatility via
reduced dependence on fossil fuel imports (Hallegatte et al., 2012).

e The Global Commission on the Economy and Climate (2014) found that more than half, and
perhaps as much as 90%, of the global emission reductions required to meet an ambitious
climate target could generate net benefits to the economy. These include health benefits from
reductions in urban pollution; declining traffic congestion; increased efficiency; and improvements
in energy security and supply.

e A study by the University of Oxford estimates that transitioning to a decarbonised energy system
by around 2050 could save the world at least $12 trillion compared with ‘business as usual’ fossil
fuel use (Way et al., 2022).

e Turning specifically to the UK, analysis by Cambridge Econometrics has indicated a boost to GDP
of around 2% by 2030 under a pathway consistent with the Sixth Carbon Budget, which would
continue to grow after 2030 before levelling off at around a 3% boost by 2050, in part reflecting
an increase in economic multipliers as less UK spending goes on imported oil and gas (Cambridge
Econometrics, 2020).

e A particular advantage of renewables investment is that in the near-term, investment creates
new jobs in manufacturing, construction and maintenance - and many of these have so far been
high-wage jobs. The CCC considers net zero is overall a net creator of jobs in the UK, although
this will of course depend on tightness in the labour market (CCC, 2023b). The shift to a
sustainable, inclusive and resilient economy is a story of change in the labour market, requiring
new tasks and skills and some moving to new jobs (Valero et al., 2021).

e Congested, polluted cities, with poorly-insulated buildings, using outmoded energy technologies,
and ill-served by public transport, are inefficient and wasteful. Urban air pollution is a major
cause of respiratory illness, cardiovascular disease and early mortality. The Committee on the
Medical Effects of Air Pollutants (COMEAP, 2010) estimates that, in the UK, premature deaths
resulting from a single particulate pollutant, PM, s, currently total around 29,000 per year.?
Global welfare losses due to pollution are estimated by one study to amount to 6.2% of global
economic output (Landrigan et al., 2018).

e Arecent study by the London School of Economics and Political Science even draws a link
between London’s growing air pollution and increases in crime (Bondy et al., 2020). Another
study, from the United States, links air pollution with increased vulnerability to COVID-19 (Wu et
al., 2020).

22 The European Environment Agency (2022), using data from its Air Quality e-reporting database, puts the figure at approximately 37,800
premature deaths a year in the UK and 432,000 in 2012 in Europe, with an additional 75,000 people dying each year from exposure to
atmospheric NOz.
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e Valuing ecosystems and biodiversity, monitoring natural capital and recognising non-market
impacts such as benefits for physical and mental health are prerequisites to securing a positive
impact on social wellbeing (Agarwala and Zenghelis, 2020).

There will also be costs, which must be distributed fairly

The transition to sustainable, inclusive and resilient growth will be largely beneficial to society, but if not
managed carefully, structural change at this scale and pace could leave certain parts of society behind.

Some jobs will disappear in the transition; others will change radically. While the aggregate number of
jobs expected to be phased out entirely is thought to be small, some locations may be particularly
affected: for instance, coastal communities relying on the oil and gas industry (Broome et al., 2022). If
managed badly, these changes could harm crucial public support for the transition as a whole. The
challenge is to manage change so that all have a chance of benefitting, with a pivotal role for
government (for a more detailed discussion, see Section 8).

Especially when the cost-of-living is high, some households will struggle to afford the upfront costs of the
technologies that need to be adopted at scale to deliver net zero. This is a particular consideration for
the installation of energy efficiency upgrades and heat pumps in homes and the uptake of electric
vehicles in personal transport (Anis-Alavi et al., 2022; Corlett and Marshall, 2022). Even though most of
these changes have the potential to deliver operational savings once initial investments are made,
currently high upfront costs mean that the savings will only accrue to households that can afford them.

However, there are also low-carbon technologies that do not yet offer a clear operational cost
advantage to consumers. For example, the CCC (2022) estimated that the average heating bill for a
heat pump was around 10% higher than for a gas boiler even under the record high gas prices at the
time of its analysis. The Government will therefore have a role not just to provide targeted support for
households with the upfront costs of low-carbon technologies but also to address price distortions that
often penalise these technologies, while making sure policy costs are passed on fairly (Owen and Barrett,
2020).

To secure the support of citizens, consumers and workers as the transition progresses, it will be crucial to
ensure the costs and benefits are distributed fairly and are perceived to be done so.
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4. Competitiveness

The race to develop knowledge clusters is on

Our analysis in the preceding sections suggests that, to the extent that the UK can shift its energy and
production systems from one network to another, this will likely generate large spillovers across the
economy. Yet there is a growing risk that the UK loses any potential comparative advantage in low-
carbon markets due to delayed policy action.

Economies of scale that drive cost reduction in fast-growing clean sectors drive up productivity and
wages, attracting high-skilled employees. This implies a tendency towards clustering and agglomeration
of new industries (see Section 3). The presence of a diverse and specialised skilled workforce then
expands productivity further. Once established, such clusters become hard to dislodge, as they develop
competitive leads in boosting productivity and wages and driving product costs down (Porter, 1990;
Krugman, 1979). Late entrants will then find it hard to build production capabilities in these sectors.
Examples include integrated semiconductor fabrication in Taiwan and financial services in the City of
London.

Building on the UK’s strengths requires a clear strategy

Building competitiveness in explicit ‘green’ sectors where the UK has current or latent comparative
advantage can present an opportunity for the UK, but an economic strategy for sustainable, resilient and
inclusive growth must recognise the country’s broader strengths across finance and professional services,
the creative sectors, life sciences and areas of high value manufacturing (De Lyon et al., 2022). As such,
green industrial policy must be embedded in a wider growth strategy (Valero and Van Reenen, 2023).

To an extent, it is easier for countries to become competitive in new green products that require
production capabilities and know-how that are similar to their existing domestic capabilities (Hidalgo et
al., 2007; Mealy and Hepburn, 2020). As a result, green transitions are highly path-dependent: countries
that successfully invest early in green capabilities have greater success in diversifying into future green
product markets. A firm’s choice over whether to innovate ‘clean’ or ‘dirty’ products is influenced by the
practice of the countries in which its researchers/inventors are located. Moreover, firms tend to direct
innovation towards what they are already good at (Aghion et al., 2016).

The pace of international decarbonisation policy developments has stepped up. Strong policy strategies
include the US Inflation Reduction Act; the EU’s Green Deal, hydrogen strategy and Carbon Border
Adjustment Mechanism; China’s 14th Five Year Plan; and India’s Union budget and Energy Access
strategy. The sharp cost reductions in renewables, allied with unexpectedly rapid deployment, are
increasingly well-known. Notwithstanding the risk of some instances of early lock-in to fossil fuel
infrastructure, the war in Ukraine is on balance set to accelerate this process (Zenghelis et al., 2022).

Green industrial policies and support must be informed by the areas of comparative advantage,
proximate skills and intangible capital the country can build on to drive a leading position in clean
manufacturing (see e.g. Andres and Mealy, 2023; Valero and Van Reenen, 2023). In fact, the UK is
already specialised in the innovation of a number of clean technologies that are seeing rapid growth
globally, including offshore wind, carbon capture, usage and storage (CCUS) and tidal stream energy
(see Figure 4.1 below and Serin et al., 2021; Curran et al., 2022; Serin et al., 2023).? The UK can also
benefit from its competitiveness as a centre of green finance and expertise in other key services such as
consultancy and design (Curran et al., 2022).

Moreover, the UK’s innovative strengths in clean technologies, products and services tend to be

concentrated in less productive parts of the country (Curran et al., 2022). Hence, on top of their
environmental benefits, investing in net zero innovation and capabilities could also support local
prosperity and help address longstanding regional inequalities.

% Also see Renewable UK’s map of renewable technology supply chain companies: https://www.renewableuk.com/Page/SupplyChainMap
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Figure 4.1. UK revealed technological advantage (RTA) by selected clean technologies, 2015-2018
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Source: Valero and Van Reenen (2023), reproduced from Curran et al. (2022)

For a range of other clean technologies and products, such as solar photovoltaics, building fabric and
batteries, the global markets have already reached a level of maturity, but the UK does not currently
demonstrate competitiveness (Curran et al., 2022). Yet they need to be deployed at scale regardless to
bring UK emissions to net zero. While manufacturing opportunities available to the UK from these
technologies may be limited, investing to scale them up rapidly will make the overall economy more
resilient, efficient and productive. Building some level of domestic productive capability for strategic
products like batteries might also be justified for national resilience and security purposes across supply
chains, regardless of potential opportunities from international trade.

Adjustment costs to business are over-stated and can be ameliorated

Incumbent industries directly or indirectly reliant on fossil fuels are inclined to claim that stronger climate
policy will put them at a competitive disadvantage relative to those in other countries, or even cause
them to relocate. The evidence suggests that such risks of ‘carbon leakage’ are overplayed (Grover et al.,
2016). Indeed, the future commercial viability of tradable carbon-intensive sectors is likely to depend on
them becoming best-in-class in terms of emissions and resource use (Bassi and Zenghelis, 2014). The
scale of potential opportunity, but also of loss of competitiveness and asset devaluation, demonstrates
this. Heightened regulatory and policy risk means investors and individuals need a clear policy steer to
guide investment (see Section 8).

Working with the UK's existing comparative advantages is pragmatic. At times, however, a more
disruptive strategy and change in direction is required to make a success of new economic sectors. Had
South Korean policymakers pursued only the country’s comparative advantage through the 20th century,
rather than taking strategic decisions, the country might today be a global leader in the production of
rice rather than smartphones.



5. Energy security

Fossil fuels have historically generated revenues for the UK...

The UK has previously been a significant producer of coal, oil and natural gas. However, coal production
has been in decline since 1913, petroleum production peaked in 1998, and natural gas production has
been in decline since 2000. The UK has been a net importer of natural gas since 2004, and in 2022,
domestic production of natural gas was equivalent to 54% of UK demand (Department for Energy
Security and Net Zero [DESNZ], 2023a). The UK has been a net importer of petroleum products since
2013 (ibid.).

While production of oil and natural gas has in the past created significant tax revenue for the UK,
between 2015-16 and 2020-21 relatively low wholesale market prices and declining production meant
that total receipts were well below £2 billion per annum, equivalent to much less than 0.1% of UK GDP.
According to the Office for Budget Responsibility (2023d), tax receipts surged after the large rises in il
and gas prices in late 2021 and 2022, and the introduction of the energy profits levy in May 2022, and are
expected to have reached a peak of £11 billion in 2022-23. However, a significant decline is predicted for
subsequent years, in line with falls in both oil and gas prices and production.

...but dependence on fossil fuels comes with growing costs

The UK’s heavy dependence on natural gas for electricity and heating meant it was exposed and
vulnerable to a huge spike in costs after Russia’s invasion of Ukraine. This, combined with the country’s
old housing stock, played a large part in household budgets being hit harder in the UK than in any other
country in Western Europe during the energy crisis that followed (Ari et al., 2022; Kranz et al., 2022). The
Government was forced to shield consumers from rising energy bills and cost of living through various
support schemes at an estimated total cost of £78 billion across 2022-23 and 2023-24 (OBR, 2023a). This
significant public subsidy contributed to record profits for energy producers in the UK and abroad. The
lack of previous investment in cost-effective domestic energy security, including investment in energy
efficiency and, more recently, renewable energy, made the UK more susceptible to a global price shock,
with the resulting last-minute support that was required worsening the country’s fiscal position.

The UK is also exposed to the volatility of prices for diesel and petrol resulting from the international oil
market. International oil prices are strongly influenced by the actions of a small number of large
producers, including the Organisation of Petroleum Exporting Countries (OPEC), which adjusts supplies
to attempt to maintain the global price at desired levels. Action by the OPEC countries and Russia in
2023 led to rises in the prices of petrol and diesel in the UK, which slowed down the speed of reduction in
the rate of inflation (Bank of England, 2023). The major shocks to the global oil supply also led to large
windfall rents to low marginal cost oil-extracting regions (which does not include reserves under the
North Sea). New domestic oil and gas licences will do little to enhance UK energy security.

Continued dependence on fossil fuels would constitute an unsustainable economy, undermining the UK's
energy security, future living standards and economic competitiveness. The sustainable economy, on the
other hand, would include a rapid transition to domestic clean energy and electrification of the economy,
and thus incur major savings from forgone fossil fuel purchases. By one estimate, in the first seven
months of 2022, renewables helped the UK avoid the need to buy around £12 billion of gas (Evans, 2022).
Savings could have been even larger had the UK pursued a faster transition to renewables and energy
efficiency.

Looking ahead, while it will be capital-intensive upfront to scale up the low-carbon technologies
necessary for the UK's net zero transition, these costs will likely be offset over time by the operational
cost savings they unlock, particularly from the avoided purchase of fossil fuels (CCC, 2020). Furthermore,
a notable amount of energy consumption that currently lies in the UK's buildings sector is avoidable, with
the CCC conservatively estimating that energy efficiency and behavioural measures could deliver a 12%
reduction in primary energy for heat to 2050 in its balanced net zero pathway (ibid.). Decarbonising
buildings through a rapid roll-out of energy efficiency upgrades alongside low-carbon heating will be
central to the UK's energy security and economic sustainability.

26



6. Impact of high interest rates

Higher interest rates are affecting capital costs

The clean transition relies on substituting capital for fossil fuels. It is becoming evident that the UK
missed an opportunity to increase investment over the decades in which interest rates were historically
low. The recent increase in interest rates has sharply raised the cost of capital for clean energy sectors
including solar and wind, which are in general more capital-intensive than fossil fuel-based sectors (see
Figure 6.1).

Figure 6.1. Cost composition of different power generation technologies
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35% for wind power, 20% for solar power, and 90% for nuclear, and a carbon price of US$30/tonne CO.. Under these
assumptions, the levelised electricity costs of all technologies are comparable in level (US$58-84/MWh). O&M = operations and
maintenance.

Source: Hirth and Steckel (2016) (reproduced under CC BY 3.0 DEED licence)

The failure of the 2023 Contracts for Difference auction to attract any bids in offshore wind is testament
to the pressure higher capital costs are putting on the industry in the UK (DESNZ, 2023b). Shares in wind
companies such as Siemens Energy and Orsted have suffered, with the latter having to abandon projects
in the US (Lex, 2023; Millard, 2023).

Yet, after rising capital costs pushed prices up in 2022, clean technology prices globally renewed their
sharp downward trend during 2023. The levelised cost of solar photovoltaics fell by 9% over the year to
the first half of 2023 while that of onshore wind fell 13% (Butler-Sloss et al., 2023 based on
BloombergNEF). Battery cell costs fell by 16% over the same period (ibid.). Investment in clean energy
exceeded $1 trillion in 2022, for the first time matching the total investment in fossil fuels
(BloombergNEF, 2023). Around 90% of this went to just two sectors: renewable energy and electric
vehicles (ibid.). Capital expenditure for clean energy was almost twice that for fossil fuels in 2023, and is
set to be more than 10 times that for fossil fuels by 2030 under a scenario that brings emissions from the
global energy system to net zero by 2050 (IEA, 2023c).

The net zero energy system in the UK will be a largely electrified one, with demand across buildings and
transport almost entirely met from clean electricity (CCC, 2020). The UK’s electricity output will need to
more than double current levels by 2050 (ibid.), which will need to be matched with an expansion of the
transmission network at an unprecedented scale and pace, alongside development of storage and
flexibility services (Winser, 2023). Meeting the current government’s target of 50 GW of installed
capacity of offshore wind by 2030 alone will require in the next seven years building more than five times
the total amount of transmission infrastructure built in the last three decades (National Grid, 2023).
Recent commitments in the 2023 Autumn Statement to expand and speed up access to the UK
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electricity grid were positive steps in that regard (HM Treasury, 2023), and were welcomed by the energy
industry itself (Energy UK, 2023). In addition, the permanent full expensing of capital outlays announced
in the Autumn Statement also reduces costs for capital-intensive projects such as renewable
infrastructure.

Interest rates are likely to fall, reflecting plentiful desired saving

The near-term cost of the transition very much depends on the pathway for global interest rates. The
global real neutral interest rate finds a level which clears the market for global saving and investment,
such that desired saving equals desired investment.* It affects all other global market interest rates. An
excess of desired saving over desired investment pushes the global rate down (the term ‘desired’ is key,
as once rates have adjusted, actual global investment will always equal actual global saving). As we
have argued before, there is no shortage of available finance and an abundant supply of savings is likely
to continue (Stern and Zenghelis, 2021). Proof of this is that real interest rates have been near zero for
more than a decade and investors are hungry for positive real returns (Zenghelis et al., 2023; Zenghelis,
2023). However, the UK may need to increase its domestic supply of savings to avoid reliance on global
sources of investment and a widening current account disparity (see Section 2).

The evidence suggests that once the present inflationary pressures and supply constraints abate, the real
neutral rate of interest will settle at a low rate. It is far from clear that the era of secular stagnation and
insufficient planned investment relative to planned saving is entirely behind us. Rates may settle at a
somewhat higher value than in recent decades, perhaps 1% or more, reflecting in part a political shift
towards active industrial policy to drive investment (Blanchard and Summers, 2023), but by historical
standards the opportunity to absorb saving for productive investment looks likely to remain high.

This matters, because capital-intensive investment in infrastructure networks to support the integration
of new technologies in electricity grids and public transport, broadband and recycling, as well as the
planning of compact and connected liveable cities, will be central to the success of the transition to a
sustainable, inclusive and resilient economy.

24 The neutral (or natural, or ‘equilibrium’) real rate is taken to be the rate at which an economy is neither overheating nor being reined back.
While it is empirically unobservable, important attempts have been made to estimate it (see Zenghelis, 2023).
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7. Fiscal space

Most of the necessary finance will be private, but public capital plays a key role

For all the problems in the financial sector since 2008, the market remains the most efficient way to
distribute scarce resources in any economy and drive innovation in their use. It effectively coordinates the
vast amount of information needed to match supplies and materials with the things consumers want to
buy. It also matches personal savings with investment opportunities that deliver the best risk-adjusted
return.

This means recognising that a key task for business and innovation policy is to promote competition and
enhance market efficiency, and also recognising the role of financial markets in effectively funding
investment. Delivering the UK’s net zero transition will require a large investment programme, worth
around £50 billion each year on average until 2050, the majority of which will be privately funded (CCC,
2020). Yet the presence of static and dynamic market failures, as outlined in previous sections, suggest
government will have to play a critical role in strategically guiding private sector activity. Some of this will
be direct public investment, and the policy environment should be designed to maximise the extent to
which this can mobilise private sector investment (policies are discussed in Section 8).

In August 2022, the US Inflation Reduction Act committed at least $369 billion of public spending over a
decade to support sustainable growth. Early evidence illustrates how this has been mobilising (or
‘crowding in’) private sector investment into clean energy, infrastructure and the manufacture of clean
technologies across the country (Boushey, 2023). Over the first year after the Act was signed (along with
the CHIPS Act), at least $224 billion worth of new projects were announced in clean technology and
semiconductor manufacturing (Chu et al., 2023). This provides a stark example of how a clear and
ambitious commitment can drive private investment.

Can sustainable investment co-exist with fiscal sustainability?

Section 2 outlined the extent to which the UK’s overall investment rate has been low compared with
other advanced economies, and the impact this is likely to have had on economic performance. This
shortfall is evident when considering business investment (Brandily et al., 2023) and public sector
investment (Odamtten and Smith, 2023) separately.

Public sector investment in the UK has consistently lagged behind some other major advanced
economies, including Canada, France and the US (see Figure 7.1). From the mid-1990s until very recently,
the UK’s annual public investment stood at 2.5% of GDP on average, which is 0.9 percentage points less
than the average for the rest of the G7 economies (ibid.).”

Private sector investment in the UK has also consistently lagged behind the rest of the G7 since the
global financial crisis, with only Canada and Italy performing worse in some years (see Figure 7.2). The
UK’s annual private investment since 2010 has stood at around 10% of GDP on average, over 2
percentage points below the average for the rest of the G7 (ibid.). The combined impact of public policy
and public investment has not generated sufficient investment to support higher UK productivity growth.

Some progress has been made in recent years, and UK public sector investment is expected to rise to
3.6% of GDP in 2024. However, it will then fall to 3.1% in 2028-29 as a result of the decision announced
by the Chancellor in the Autumn Statement in November 2023 to continue to hold capital departmental
spending flat in cash terms (OBR, 2023c). In contrast, previous cross-country analyses lead to the
argument that governments should be investing the equivalent of about 4.5% of GDP annually
(Odamtten and Smith, 2023).

% While the UK's public sector investment has been on a par with Germany's, Germany has recorded much higher business investment. See
Figure 7.2.
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Figure 7.1. Public investment rates for G7 countries, 1995-2022
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Note: Public investment rate is defined as the portion of Gross Fixed Capital Formation that falls on government (as opposed to
corporations or households) as a share of GDP.

Source: Authors’ analysis of International Monetary Fund, World Economic Outlook Database, October 2023 (IMF, 2023b) and
OECD, Investment by sector, 2023 (OECD, 2023)

Figure 7.2. Private investment rates for G7 countries, 1995-2022
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Note: Private investment rate is defined as the portion of Gross Fixed Capital Formation that falls on corporations (as opposed
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Source: Authors’ analysis of International Monetary Fund, World Economic Outlook Database, October 2023 (IMF, 2023b) and
OECD, Investment by sector, 2023 (OECD, 2023)

As well as being relatively low, UK public sector investment has also been too volatile, with the coefficient
of variation (a scaled measure of variation to allow comparability) for annual growth in UK public
investment between 1960 and 2019 being the second highest among advanced economies (Odamtten
and Smith, 2023). Public investment commitments are prone to ‘feast and famine’ and are often the
soft target when bad news comes along: investment has been cut by an average of nearly 20% in each
of the post-recession fiscal consolidations that have taken place since the 1970s (ibid.). In response, the
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final report of the Economy 2030 Inquiry recommended that the UK's public sector net investment
(PSNI)? should be sustained at 3% annually (RF and CEP, 2023). This compares with the announcements
in the Chancellor’s Autumn Statement in November 2023 which would mean PSNI will rise from 1.9% of
GDP in 2022-23 to 2.6% in 2023-24 before declining gradually to 1.8% by 2028-29 (see Figure 7.3).

The National Infrastructure Commission underlines the importance of public investment in economic
infrastructure being sustained at high levels in the long term, recommending in its Second National
Infrastructure Assessment that the Government invest over 1% of GDP annually up to 2055 towards
developing sustainable, inclusive and resilient infrastructure that supports the country’s economic growth
and protects its environment (NIC, 2023). Given that the investment that falls within the Commission’s
remit is specific to certain types of economic infrastructure, the recommended figures represent a lower
bound for the UK’s public investment requirements overall.

Figure 7.3. UK public sector net investment, 1995-2023 outturn and 2023-29 forecast
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Source: Authors’ analysis of Office for Budget Responsibility’s Economic and Fiscal Outlook reports (various years). Forecasts
based on the November 2023 issue (OBR, 2023c).

The toll of years of underinvestment is beginning to show on the UK'’s public infrastructure and services. A
lack of enabling assets risks curtailing individual capabilities and the ability of the economy to prosper. It
appears, therefore, that there are strong grounds for increasing overall public sector investment by at
least 1% of GDP, or £26 billion at current prices, annually. This investment and the resulting infrastructure
need to be in the sustainable economy in its entirety and will look very different from the past, adopting
the widespread use of Al and digitisation. Investments in adaptation and resilience also afford high
returns (see Section 3).

One explanation for the UK’s poor record on public investment is excessive focus by HM Treasury on the
debt side of the public sector balance sheet, to the neglect of an assessment of the value of assets that
result fromn cumulative public investment. Assets are harder to define and measure than debt, but their
value should not be ignored in any strategy to enable productivity growth. The net worth of the UK's
public sector has been falling and turned negative in 2010, standing at -£614 billion in the fiscal year
2022/23 (ONS, 2023b). This reflects low and volatile investment (Ebdon and Khatun, 2021). Among rich
countries, only Portugal has performed worse (Odamtten and Smith, 2023).

2 PSNI consists of public sector gross fixed capital formation, with depreciation deducted, and accounting for capital grants between the public
and private sectors. By contrast, the national accounts component of GDP by expenditure is measured gross - that is, it includes investment
to replace worn out or depreciated capital.
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Nevertheless, budgetary pressures continue to have implications for global imperatives like the net zero
transition as governments struggle to tackle fiscal overhangs. The UK's ageing population means
increased spending on health, social care and state pensions, and a smaller population working and
paying taxes (OBR, 2023b). Meanwhile, the invasion of Ukraine, renewed conflict in the Middle East and
the increased tension between the US and China have prompted policymakers to increase defence
spending. This is set against the fact that budget deficits ballooned during the COVID-19 pandemic, as
governments acted as ‘insurers of last resort’ to keep economies ticking over. Public deficits in 2020
averaged more than 20% of GDP in advanced economies, sending public debt as a percentage of output
to highs of over 100% of GDP in many advanced economies (Gaspar et al., 2022; IMF, 2023a).?

More recently, rising interest rates across the world have pushed debt servicing costs higher, requiring
additional borrowing to pay off the interest. The Bank of England'’s official policy rate has risen to 5.25%
from around 0.1% at the end of 2021. The era of ‘lower for longer’ interest rates (see Adrian, 2020) seems
to be behind us at least for now (Zenghelis et al., 2023).

In this context, can the UK government keep its public debt ratio at sustainable levels while delivering the
multi-billion-pound clean transition required to meet its climate targets? There are only four ways to
improve debt sustainability as a proportion of GDP. The options, set out in Table 7.1, involve either a
nominal restructuring through debt default, higher inflation, a real restructuring through tightening the
fiscal screws, or boosting growth in GDP. Of these, only the latter two ‘real’ options are sustainable.

Table 7.1. Options for reducing the public debt/GDP ratio

NOMINAL REAL

Default, restructure or

Reduce numerator (debt)
creditor ‘haircut’

Austerity (cut spending/
raise taxes)

e Cost to economic e Taxes up/public spending
reputation down

e Increased future borrowing |

High cost to economy and
costs (default premium)

society

e Can be ineffective (because
of denominator effect)

e Uneven distributional
impact on society

Increase denominator (GDP) Inflation Growing the economy and
e [Effective, but at economic raising GDP
cost e [Effective if sustained
e Hard to restore monetary e Positive impact on
credibility numerator by raising net

public revenues
e Positive for the economy

e Increased future borrowing and society

costs (inflation premium)

The austerity dilemma

It has been demonstrated that the collective drive towards fiscal austerity in large economies since the
great financial crash of 2008 throttled productivity-enhancing government investment (Jordd and
Taylor, 2016), thereby ultimately making debt/GDP ratios higher (Auerbach and Gorodnichenko, 2017).
Furthermore, after years of underinvestment in public services, these countries have little appetite for a
further bout of fiscal austerity.

¥ Higher inflation has, however, recently eroded the real value of public liabilities (pushing them on to bondholders), allowing global public
debt/GDP to fall from its 2020 peak by around 10 percentage points in most advanced economies, generating unexpected fiscal space. Fiscal
drag, as tax bands have not risen in line with inflation, has also served to boost revenues in many countries. See IMF (2023).
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Whether to focus on austerity or borrow to boost growth will depend on the scope for expansionary fiscal
policy to generate so-called growth multipliers (Lenoél, 2020). These occur when government outlays
directly stimulate demand (rather than being saved by consumers) in the short run, and boost the
productivity of the economy in the long run. As a result, the economy can expand by more than the
additional borrowing, with the policy thereby potentially paying for itself.

In many countries, labour markets are tight, capacity is constrained and inflation, though falling,
remains stubbornly high. In such circumstances, fiscal multipliers are likely to be low. Additional public
borrowing is likely to crowd out scarce private investment. Central banks can be expected to respond by
pushing policy rates higher to offset any additional demand in order to control inflation, thereby
obviating any GDP boost and aggravating the cost of interest on public debt.

But the evidence increasingly suggests that long-run multipliers from targeting public investment in
clean growth sectors are likely to be strongly positive (Hepburn et al., 2020b). Both the risks associated
with locking into unsustainable high-carbon infrastructure (see e.g. Barbrook-Johnson et al., 2023), and
the opportunities associated with markets in sustainable, inclusive and resilient goods and services (see
Pefasco et al., 2021), have been shown to be much higher than economists hitherto understood.

A recent study compared two scenarios (Kharas and Rivard, 2022). In the first, debt sustainability is
restored through fiscal consolidation based on building up primary budget surpluses. In the second,
countries undertake a ‘big investment push’, generating larger primary deficits but also faster growth.
The study concluded that both scenarios improve public creditworthiness, but the ‘big investment push’
improves it more. Of course, this finding depends critically on the micro-level relationship between
investment and growth, but the study utilises a growing body of literature on project returns from
climate change mitigation, adaptation, resilience, human capital and biodiversity conservation, which
suggests considerable scope for investments with high economic returns in most countries. Even
fractionally higher productivity growth will compound over a period of years to make the economy
significantly larger, swamping other drivers of debt/GDP ratios (Grubb et al., 2021a).

Modelling sustained UK public investment at an OECD average rate of 3% of GDP from 2023-24,
Odamtten and Smith (2023) note that this would increase UK public sector net debt by around £70
billion by 2027-28. However, by then they expect a permanent upward shift in GDP of 0.8%. The boost to
receipts would shortly thereafter lead to a declining profile for public debt. It would also put net public
worth on an upward trajectory for the first time since the 1970s. This is in contrast to the decline in public
investment as a proportion of GDP that was outlined by the current Chancellor in his Autumn Statement
of November 2023.

It is, of course, impossible to pin down a precise productivity impact from the combination of these
sustainable investments. Nor can one deterministically assess the impact on meeting current fiscal rules
of decreasing the debt/GDP ratio within five years. This suggests the OBR’s model, like most economic
models, needs to be amended to better reflect dynamics and the changing landscape of risk and
opportunity extending over a longer time horizon.

All this is an inevitable feature of a path-dependent world, where decisions build on (and often reinforce)
other decisions, and the range of potential outcomes expands. Much of the dynamics flow through
fundamental structural and systemic change - the cumulative impact of a multitude of policy choices.
These key systems include cities, land use, energy, transport and water. They are the core enabling assets
that determine an economy’s social and productive potential. How these assets change and interact
over the next two decades will be crucial to shaping the economy, and of course to productivity and
growth.

There is no optimal investment path, and the return to any one policy or investment cannot be assessed
in isolation from the system of choices. But there are clearly better and worse ex-ante choices,
depending on changing risks and opportunities. The risk of locking into the wrong systems at a time of
rapid change are grave, with a potentially enduring impact on productivity, growth and debt
sustainability.
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There is a clear role for the public sector to stimulate investment in new technologies and behaviours that
improve the efficiency of the economy and drive productivity.? But unlike policies seeking to stimulate
demand in the short run, fiscal policies to restore long-term growth must be targeted towards specific
investment in properly measured assets that generate economies of scale in production and discovery
(Hepburn et al., 2020a; Zenghelis et al., 2022; Agarwala et al., 2023).

Governments must step in with sufficient ambition to provide enabling assets and an environment to
foster private investment, by investing in infrastructure, skills and intangible knowledge-generating
assets. These investments must support the transition to sustainable, inclusive and resilient growth.
Complementary public investment in human capital is necessary to provide an appropriately educated
and skilled workface capable of utilising the latest ideas and technologies. Building resilience is also
crucial, whether it be against floods, storms or fires; there is a need to adapt to climate change
worldwide.

The Treasury's current fiscal rules should be changed to stop ‘feast and famine’ in public investment. This
requires greater transparency over the business case for particular projects, and explicitly accounting for
the difference between public investment and current consumption. Consideration should be given to
developing more comprehensive measures of public sector net worth (IFS, 2023). The aim is not to justify
further borrowing by virtue of unreliable estimates of public assets the government mostly cannot sell: it
is to track the degree to which government borrowing is boosting the country’s asset stock, and thereby
support future direct and indirect tax revenues, relative to borrowing to fund consumption. With this aim
in mind, and noting the public sector’s influence on private activity, measures of net worth should be
developed to cover the whole economy.

Institutional change might include public investment targets being set by Parliament, with the
Government held to account for meeting these targets with independent review and oversight from the
OBR (the process enshrined through a Parliamentary Act). More investment decisions should also be
devolved outside of Whitehall to centres of power that better reflect local investment needs (Odamtten
and Smith, 2023; Newman and Kenny, 2023).

Although debt is the appropriate way to finance productive investment, some of the investment will take
the form of capital maintenance rather than net expansion of the capital stock. Together with the
likelihood that some productive investment is crowded out in the short run, this suggests a temporary
increase in aggregate tax and social security contributions will likely be required in order to finance some
of the transition to sustainable, inclusive and resilient growth (Pisani-Ferry and Mahfouz, 2023).

Finally, imperfect information and assessment of risks (especially policy risk) in capital markets, requires
risk sharing/reduction through guarantees, long-term contracts and public convening power for co-
financing (Gordon, 2023). But policy is about more than correcting static market failures: it is about the
Government’s ability to shape markets and generate new ones for the future, inducing clean, digital
investment in 21st century technologies (as opposed to fossil fuel technologies of past centuries), and
setting up complementary institutions and policies that resist influence from incumbent vested interests.
These new markets cannot be forecast with precision. Market shaping involves policy action that can be
justified because it likely brings about change that is desirable, and/or avoids a change that is
undesirable (Sharpe et al., 2021). Many of the policy requirements are costless; we turn to these in the
next section.

2 A thought experiment can help reinforce the notion of debt affordability. Assume a macroeconomic policymaker does not know the level of
public debt. They have to decide on an appropriate fiscal stance for an economy on the brink of recession and include that a fiscal contraction
would be economically ruinous. They are then told public debt is relatively high. To what extent would that materially change their view on the
appropriate fiscal stance? The answer is it should not, except in so far as higher debt impacts affordability by pushing up risk premiums on
public borrowing rates. A similar rationale underlies decisions to invest in long-term structural change - value to the economy is independent
of the past stock of debt. There is scant evidence for this thus far: financial markets were intolerant of the Truss/Kwarteng measures of
Autumn 2022, which were deemed unsustainable because borrowing was intended to fund tax cuts which would mostly drive consumption
rather than investment and fail to address the inadequacies of core public sector assets.
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8. Implications for policy

The surest way to drive improvements in living standards is through improving productivity and economic
growth. The core enabling assets (physical, human, intangible and natural) are prerequisites for
generating a sustained flow of productive activity. The question of allocation, how to divide up the pie,
derives from how best to grow the pie in the first place. Far from being more costly, a transition to
sustainable, inclusive and resilient growth can be economically essential in expanding wealth and
growing the size of the pie (Geels et al., 2021).

As outlined in Section 3, there is clear evidence for why the structure of the economy is highly path-
dependent. The costs of transitioning the UK economy to sustainable, innovative and efficient forms of
production will be a function of the choices and decisions made between now and 2050. The more
coordinated the UK’s response to managing the transition, the more cost-effective it will be.?” The best
we can do in a path-dependent economy is to choose a direction that seems to fit our interests (Aghion
et al., 2014). If the UK wishes to be competitive in the economy of the future, it will have to steer and
anticipate the choices made by others.

Paul Romer once remarked: “instead of suggesting that we can relax because policy choices don't
matter, it suggests to the contrary that policy choices are even more important than traditional theory
suggests.” There is strong evidence that public policies are the most important driver of deployment of,
and innovation in, sustainable, inclusive and resilient technologies. Moreover, this impact appears both
large and rapid: evidence suggests that much of the innovative response to climate change policy
measures occurs within five years or less (Dechezleprétre et al., 2016). Taking the lead in a competitive
playing field therefore requires early supportive and ‘enabling’ government intervention.

Economics must better inform policy choice

The standard approach to assessing the costs and benefits of climate action has been to run models that
assume a static and pre-determined economic structure. In essence, when asked to assess what it will
cost to cut emissions to zero by 2050, many economists run models that assume we know the
technologies, tastes and preferences, and institutions that will prevail from now to 2050 (Nordhaus,
1992).

Such models can generate deterministic forecasts and will automatically tell you the more we cut carbon
emissions, the greater the costs will be, because so much is hard-baked into the model that any
adjustment is very costly. However, non-marginal structural change is very different. As outlined in
Section 3, innovation can be induced to make the system more efficient. New markets and behaviours
evolve such that the more we try to cut carbon emissions, the better we become at cutting carbon
emissions. Unlike material resources, knowledge builds on knowledge and does not deplete. The
assumption of a pre-existing equilibrium is therefore just an assumption.

Standard cost-benefit, static optimisation and Integrated Assessment Models, used widely across the
economics profession, grossly misrepresent risk and are silent, by construction, on the big issues of policy,
opportunities from structural and technological change, multiple market failures and distribution and
justice. These models divert from the crucial issues. There is a need to look elsewhere for analytical
foundation, recognising that all models are wrong (they omit important issues) but that some are useful
(Ekins and Zenghelis, 2021).

|dentifying the limitations in modelling ‘optimal” pathways to net zero is important, because the
economy creates possibilities faster than models can explore them, so options can only shape the
balance of risks and opportunities. Rather than outlining ‘optimal’” pathways, economists can provide
information about better or worse choices in relation to risks.

2 For example, policy can generate cost reductions and new economic benefits by avoiding locking into unsustainable high-carbon
infrastructure, behaviours and institutions which will be expensive to subsequently retrofit or scrap, while at the same time inducing resource-
efficient innovation.
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Policy credibility and an enabling environment

We have seen how policy intervention is the opposite of distorting when applied to sectors where market
failures are corrected or necessary new market signals created. The need to steer a rapidly changing
global economy suggests more, not less, strategic intervention will be required. But the intervention
needs to be well-designed in order to avoid replacing market failure with policy failure (Hepburn, 2010).

To be credible, the pace and scale of economic change embedded in government policy should be
informed by evidence and scientific understanding. For the specific objective of reducing emissions, in the
UK that should mean working with the Climate Change Committee to develop credible timelines and
legislate targets for key sectors, including sector-by-sector transition plans (for example, in low-carbon
hydrogen, heat and buildings, grid infrastructure, low-emission vehicles and CCUS).

It is widely recognised that stable and credible economic institutions, rules-based property rights,
macroeconomic stability and policy certainty are preconditions for business investment and innovation.
Carefully targeted and time-bound fiscal policies to address market failures and invest in new markets
will need to be complemented by transparent regulations to prevent rent-seeking by vested interests and
natural monopolies and ensure an open, level playing field for competition.

But during potentially disruptive structural transitions, guiding expectations is central to keeping costs
low, while securing institutional flexibility to respond to rapid technological change. This is the most
effective way to generate investor confidence (Aghion et al., 2009). By contrast, mixed and muddled
signals, or backtracking on stated policies, exacerbate uncertainty and lack of trust in government
sticking to its commitments. This delays action and raises the policy risk premium attached to
sustainable investments.

For example, UK carmakers are, like auto manufacturers across the world, preparing for the shift to
electric vehicles. By delaying the ban on new petrol and diesel car sales from 2030 to 2035, announced by
the Prime Minister in September 2023, the Government introduced new uncertainty and a setback for UK
carmakers looking for a stable environment in which to invest with confidence. Assessing the impact of
Rishi Sunak’s announcement, the Climate Change Committee concluded that this kind of loosening of
near-term ambition “risks undermining consumer confidence and the development of UK supply chains”
(CCC, 2023). Ford’'s UK chair said the Government had undermined its own “ambition, commitment and
consistency”. Meanwhile, China and the US are pouring billions of dollars into grants, purchase incentives
and EV charging infrastructure roll-out schemes (IEA, 2023a).

The private sector can handle risk that it owns, such as technology or construction risk. What it cannot
handle is policy risk because it cannot directly control it. More policy risk, especially in highly-regulated
sectors like energy, transport and buildings, means the private sector demands a risk premium on
investment.

Of course, policy must be set in the context of uncertainty. [t must therefore be sufficiently stringent to
change behaviour and predictable in order to contain policy risk, yet simple and flexible in evolving to
changing circumstances while limiting compliance costs (Helm, 2010). This requires that it be based on
clear rules for review and revision, where the public sector responds to surprises in a predictable manner.

Government must convince business that it will not renege on its commitments once investment costs
are sunk. It can do this by sending clear signals and setting credible long-term policies while underwriting
elements of the policy risk and avoiding retrospective change. Consistency is among the most important
and costless elements of sustainable policy.

A stronger institutional framework would help to ensure that targeted industrial policies are embedded in
a lasting and coordinated UK growth strategy, along with policies to ensure that risks and opportunities
are shared. But at a time of global structural change, and in contrast with several other advanced
economies, the UK lacks a dedicated growth institution (Valero and van Ark, 2023). A new, statutory
growth and productivity institution is needed to provide independent expertise and credibility to shape
effective, coordinated and lasting pro-productivity policy. Such a body should also explicitly consider
where there are synergies and trade-offs between sustainability and productivity objectives over different
timescales, and what this means for policy (ibid.).
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The speed of economic and structural change is accelerating as new technologies associated with the
clean economy combine with digitisation and Al. Economic and social flexibility to respond to changing
markets is more important than ever. The UK has in the past prided itself on its economic flexibility and
institutional capacity to adapt to change.** However, the evidence is less encouraging. Recent analysis
shows that reallocation of labour between sectors is at its lowest rate in over 90 years (RF and CEP,
2023a). This testifies to the importance of making inclusive investments in enabling assets, especially in
low productivity regions, so that all sections of society can have better access to economic opportunities
(see below on the need for a UK skills strategy).

Blended finance constitutes another way for the Government to crowd in private capital towards public
policy objectives, potentially multiplying every £1 contributed by the taxpayer (Gordon, 2023; Gordon and
Valero, 2023). For example, the UK could channel far greater institutional capital from pensions and
insurance assets towards productive investments in the next five to 10 years (ibid.). There are already
successful examples in and outside the UK of blended finance mechanisms that enable private and public
investors to work together, despite their different outcome, risk and return expectations, to deliver
productive investment consistent with positive social and environmental objectives (ibid.).

However, the ultimate problem lies not with the supply of money to invest, but with a perceived lack of
bankable projects. Risks and opportunities are enhanced at a time of systemic and structural change.
The importance of strategic coordination and credible policy is increased by reliance on core primary
assets such as access to healthcare, basic education, digital connectivity, communications, water and
transport to drive economic activity. These increasingly important markets often exhibit some
combination of non-rival market properties (i.e. one person’s consumption does not diminish another’s,
as with broadband) or non-excludable properties (e.g. public roads). Similarly, knowledge spillovers mean
the full returns to research and innovation do not accrue to the private innovator. Markets based on
marginal cost pricing result in under-provision of core goods and services, requiring public intervention or
regulation. The perception of enhanced policy risk in heavily regulated and policy-driven sectors such as
transport, buildings and energy puts off private investors who cannot own or control policy risk. This
raises the cost of capital and deters investment. Decision-makers in public institutions therefore have an
enhanced responsibility to anticipate, manage and shape the rapidly shifting landscape of risk and
opportunity.

Targeting sensitive intervention points

Targeting policy is another way of limiting costs to the public purse. Researchers at the University of
Oxford have shown how policymakers should seek points of leverage, where a small policy intervention

can have an outsized effect by generating reinforcing feedback effects (Farmer et al., 2019; Hepburn et
al., 2020q).

A good example is tipping coal out of the UK power system as a result of a relatively minor carbon
support price of around £18 per tonne, which led to a structural change in the system and coal’s share of
electricity falling from around 40% of the total to close to zero in less than a decade (Sharpe and Lenton,
2021). Global examples extend to Norway’s coordinated policies to support growth in electric vehicles,
including carbon pricing, subsidies, free parking and ability to drive in bus lanes. The Brazilian market for
onshore wind, German and Chinese efforts to expand solar power, and India’s spectacular success in
transitioning to LED lighting (cutting the costs of light bulbs by over 90% in less than a decade) provide
other examples.

Support for technology deployment

Policies should be as neutral as possible, to enable a broad range of technologies to emerge and
compete. However, there is no such thing as a truly technology-neutral choice. Every decision will,
unavoidably, advantage some technologies over others (Sharpe, 2023). Inaction normally favours
incumbents with deep pockets and hefty lobbying power. Policymakers will inevitably ‘pick winners’, even
if they do not always get it right (Grubb et al., 2021b). Where they do get it right, the results are

0 For example, see government policy set out in 1997 on the five economic tests on which any decision about UK membership of the Economic
and Monetary Union should be based - Test 2: “If problems emerge is there sufficient flexibility to deal with them?” (HM Treasury, 1997).
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dramatic: as a prime example, the UK has developed a thriving and globally competitive offshore wind
industry, which is creating high-skilled jobs and is set to deliver even cheaper energy.

Governments cannot avoid making some choices, given that there are a range of technological options
that will be available over the coming decades, and some technologies have specific barriers and
opportunities that may require targeted assistance. The process of making choices should therefore be
well-informed, open and transparent, and carried out in collaboration with civil society and the private
sector.

Policy choices made today will determine the institutions, technologies and infrastructure that drive our
economies for decades to come. This adjustment will be disruptive and will require bold leadership and
substantial early investment. But in the world of innovation, it is often the high hanging fruit that proves
the ripest. This is why Acemoglu et al. (2012) make a powerful theoretical case to suggest that policy to
support clean innovation can be temporary, because once the “clean innovation machine” has been
“switched on and is running”, it can be more innovative and productive than the conventional
alternative, which has a positive impact on both GDP levels and growth. Aghion et al. (2016) argue that
clear, credible and enduring policy signals are the most effective way to generate investor confidence to
kick-start that clean innovation machine. The policy intervention can be removed once the new networks
outcompete established market participants.

Just as in defence innovation in wartime, the race to the moon, and the need to find a COVID-19 vaccine
induced innovation, so the setting of mission-led green innovation or digital connectivity challenges can
be expected to create substantial knowledge-spillovers, boosting Schumpeterian innovation and
productivity across a broad number of sectors (see Mazzucato, 2013 and Perez, 2009).

Government can provide clarity on the vision for the future and how to get there. This means regulations
and standards at the product level, defining outcomes and letting entrepreneurs figure out how to get
there. China has understood the logic of this approach and has moved decisively to embrace high-tech,
low-carbon growth. In 2022 alone it invested over $500 billion in clean energy, more than any other
nation or region (IEA, 2023b). China accounts for more than half the electric vehicles on the world’s
roads (IEA, 2023a) and has more solar generation capacity than the rest of the world put together.
China and other countries recognise that investment flows to the pioneers of industrial revolutions
(Perez, 2002, 2012).

Specific support is required to promote the digital economy. Regulation must be updated to support
changing market dynamics, sector competition and the power of consumers in an intelligent electricity
system. New frameworks will be required for open collaboration, interoperability and data-sharing across
the energy system in the UK, and to address safeguarding concerns about cyber security, privacy and
consumer trust.

Policy must also focus on the practicalities of effectively integrating new technologies and digital assets
across the energy system, coordinating the further rollout of smart meters and other appliances. This will
require careful strategic planning for integrating digitisation and net zero plans, for example. Managing
investment in the new economy will be at the core of building and sustaining productivity growth.

Carbon pricing

Carbon pricing is an important part of any transition to sustainable, inclusive and resilient growth. It
provides a clear and non-discriminatory price signal to induce consumers and producers to change
behaviour, without predetermining or favouring a particular technology or action. It also generates
revenues that can be recycled to improve economic efficiency (through public investment, tax cuts or
reducing borrowing).

However, a tax for the purpose of revenue-raising (a so-called Ramsey tax®) is different from a tax
whose purpose is to change behaviour (a so-called Pigouvian tax®?). The tax that aims to change

*1 For a given amount of revenue to be extracted from a consumer, the tax system that makes the consumer happiest is that which is least
distortionary in the allocation of goods and services. The tax should aim to minimise the change in behaviour. This means taxes should be
spread thinly across the economy and goods with higher demand elasticities should be taxed less. See Stiglitz (2015).

*2 |n contrast to a Ramsey tax, a Pigouvian tax is intended to change behaviour, by taxing the producer of goods or services that create adverse
side effects for society.
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behaviour, if it succeeds, will not in the end generate revenue (this would be the case with a carbon price
in a zero-emissions economy). If a tax is created with both these purposes in mind, the risk is that it
fulfils neither purpose well. A successful carbon price will eliminate its revenue base. Raising revenue to
replace displaced fuel duty and carbon pricing might instead take the form of road or congestion pricing
as the world rapidly decarbonises.

In a recent cross-country analysis, the IMF found that any form of carbon pricing in the UK is unlikely to
be enough to offset the erosion of fuel tax bases and costs of public investment spending required to
reach net zero, so the impact on the primary balance from decarbonisation would grow to a deficit of
0.5% of GDP by 2040 (de Mooij et al., 2023%). The OBR believes this figure could reach as much as 1.2%
of GDP in 2040 (OBR, 2023b). These studies make no assumptions about the returns to innovation and
productivity from investment in clean energy technologies. Even a fractional increase in growth relative
to a high-carbon pathway would be enough to offset any increase in public debt to GDP (see below).

It is important to think carefully about how carbon pricing (through a tax or a trading mechanism for
emissions permits) is applied to accelerate the technology transition and create future new markets in
any given sector. The conventional policy response suggested by economists has been to internalise the
damages caused by global warming by imposing a uniform global carbon price. This price is then ramped
up through time as more and more costly abatement options are picked off (Nordhaus, 1992) to meet
carbon emission targets. But in fact, differential carbon pricing may be more effective at delivering
efficient emission reductions, by specifically targeting expensive technologies with large potential for
induced innovation with a higher price to trigger a tipping point.

Finally, the role of carbon pricing must be considered in combination with other policies. In a complex
system (such as an economic sector undergoing structural change) the combined effect of different
actions will often be different from, and more effective at, achieving the desired outcome than the sum
of their parts. The net present value of an individual policy that is intended to contribute to a system
transition will depend on which other policies it is combined with.

Standards and regulations

It turns out that regulation, often associated with inefficiency and ‘red tape’, can be the most effective
driver of innovation (Mercure et al., 2021). Data shows that energy efficiency standards drive cost
reductions across numerous sectors (Drolette, 2016), as entrepreneurial firms seek to meet or bypass the
regulation (Ekins and Zenghelis, 2021). If the constraints are credible, necessity will prove the mother of
invention.

Also important will be the role of utility regulators in coordinating multiple supporting networks and
systems to ensure long-term investment in the sustainable provision of utilities such as electricity, water,
transport and broadband. Many such authorities were set in place following or accompanying
privatisation in the 1980s-90s, with a primary focus on regulating prices, but the protection of consumers
and society increasingly requires an additional focus on helping to navigate the UK’s transition to a
sustainable economy (Stern and Valero, 2021). The increasingly demanding need to integrate intelligent
and responsive systems to deliver core utilities, like energy, which cannot be priced at the margin
indicates an enhanced coordination role for a system operator (Starks, 2023).

Clear and consistent regulation alongside an improved planning system will be key to getting
infrastructure projects from renewable generators to transmission lines built on time, while maximising
support and investment from the private sector. It is widely recognised that the planning system is
slowing down the roll-out of low-carbon houses and infrastructure, with excessive power in the hands of
those who own land. Addressing process bottlenecks, improving the use of data, enabling meaningful
engagement with local communities and improving coordination between national- and local-level
decision-making will be important for achieving a more effective planning system that properly supports
the UK’s transition to net zero (NIC, 2023; Skidmore, 2023). The Government’s commitment in the

* This uses a tool developed jointly with the World Bank and outlined in a working paper to generate the fiscal impacts on different countries of
different climate change scenarios. See the IMF-World Bank Climate Policy Assessment Tool (CPAT): A Model to Help Countries Mitigate
Climate Change, 23 June 2023.
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Autumn Statement to reforming the planning system towards that goal was a positive step (HM
Treasury, 2023).

A greater role for public policy comes with the need for robust and transparent regulatory authorities
designed to protect consumer interests against monopolistic pricing and rent-seeking activities among
the providers of core services such as electricity, transport, digital communications and water.

Public procurement is another tool available to government for encouraging the private sector to move
towards sustainable practices. By aligning its own purchasing power with sustainability principles,
government can promote resource efficiency, innovation and development of new technologies, social
value and increased resilience in the economy (OECD, 2015; European Commission, 2016; Salazar Cota et
al., 2018). Sustainable procurement can be particularly influential in sectors where public procurement
represents a significant percentage of the market, such as buildings and construction, public transport,
and health services (OECD, 2015) .%

Research and development (R&D)

Price-based instruments such as carbon markets, and quantity-based instruments such as renewable
energy mandates, have a large effect on low-carbon innovation, but they tend to favour innovation in
technologies that are closest to the market. Thus, they need to be complemented by direct public
funding of and tax breaks for R&D in order to support the development of technologies that are further
from market but nonetheless have long-term potential. This will complement support for demonstration,
dissemination and deployment.

Sustainable, inclusive and resilient innovation is critical in generating absolute returns for the economy
(Geels et al., 2021). The UK can build on its strong research base and innovative strengths in sustainable
technologies. The UK may have only 1% of the world’s population and around 3% of GDP, but its science
sector is, according to one study, responsible for 16% of the most highly cited articles globally (National
Academies, 2015), and the country ranks fourth overall in the Global Innovation Index, largely due to the
strengths of its university research and innovation system.*

The links between research and innovation and comparative advantage in high-skill, high-wage
manufacturing are clear, yet the UK has not made the most of this opportunity. The IEA estimates that
public R&D spending needs to at least double to achieve significant reductions in greenhouse gas
emissions. Innovation policy must be woven into the broader growth strategy for the UK (Valero and Van
Reenen, 2023) and based on the evidence of what works (Bloom et al., 2019). There is a key role for R&D
support, including via tax incentives. And when it comes to the invention, development and deployment
of net zero technologies, these might be "horizontal’, e.g. full expensing of capital investment or R&D tax
credits, or more targeted, e.g. the US Inflation Reduction Act tax credits for clean technologies. There is
scope for considering where tax incentives for sustainable investments can be enhanced in the UK.

It is important to shore up, extend and integrate the focus of any UK ‘industrial” strategy on securing
strong domestic supply chains, in order to support the full spectrum of activities to promote a
sustainable, inclusive and resilient economy (BEIS, 2017).

Global leadership

The UK cannot materially affect global climate change by itself: today, it is directly responsible for just
1% of global greenhouse gas emissions. Even when indirect effects (arising from net imports of
greenhouse-gas-intensive goods) are taken into account, its responsibility amounts to less than 2%.
Similarly, the UK alone cannot stop biodiversity loss and environmental degradation, including global air
and water pollution. However, there are likely returns to leadership and early action in effecting
structural transition to a sustainable, inclusive and resilient economy.

As a medium-sized open economy, the UK is likely to require a joint strategy of helping to drive a global
transition where it can, illustrating how profitable it can be, while reacting to developments across the

** The Independent Review of Net Zero recommended the more effective use of public procurement to drive low-carbon construction and the
creation of sustainable material supply chains in the UK (Skidmore, 2023).

* See www.wipo.int/global_innovation_index/en/
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world. Its ability to change global attitudes has already been demonstrated by the influence of the UK
Climate Change Act and the diplomatic awareness-raising activities undertaken by the Government in
this area. Innovative and successful policies like the Contracts for Difference in the electricity generation
market are seeing global uptake. The UK will continue to have influence, even if that influence is
lessening now that it is no longer speaking as a member of the EU. Credibility on the world stage,
including so-called ‘soft power’ as an influential thought leader, is important in trade negotiations and
international agreements.

Anticipating and managing change and disruption

Harnessing the transition to sustainable, inclusive and resilient growth will be largely beneficial to society.
However, structural and technological change at this scale and speed will involve dislocations and
difficulties, particularly for those on lower incomes and those working in high-carbon, resource-intensive
sectors. Strong policy and significant expenditure are required to ensure a ‘just transition’. If managed
badly, this could delay or derail the transition by harming crucial public support.

Government support will be crucial for enabling households, especially those on low incomes, to make
the initial investments in low-carbon technologies, in turn helping all of society to capture the benefits of
the transition. Targeted support will be highly relevant for driving the rapid uptake of energy efficiency
upgrades, heat pumps and EVs.

There will also be a pivotal role for government in managing the workforce transition as some sectors
decline, some transform and others grow under net zero. Workers will need to be re-skilled and retooled
to take advantage of the opportunities presented by the sustainable, inclusive and resilient economy.
Much of this will involve investment in people and places and in some cases compensation and direct
income support.

Support for workers, including retraining when temporarily unemployed, should take precedence over
support for existing jobs (RF and CEP, 2023a). The UK requires a skills strategy aligned with its growth
strategy, based on strategic sectors and technologies including clean technologies and Al (Costa et al.,
2023).

Environmental policies have become an axis of identity politics and a source of political fracture in many
countries. The Prime Minister Rishi Sunak was right to note that with current net zero policies “we risk
losing the consent of the people”. The most effective way to address this, however, is not through rolling
back commitments and delaying well-established milestones which businesses were planning against,
but through urgent application of policies and targeted assistance to the vulnerable and those likely to
be left worse off.
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9. Conclusion and recommendations

The growth story of the 21st century

While short-term challenges loom, the evidence suggests that a focus on sustainable growth is the key to
long-term economic and fiscal resilience. The UK Government has an opportunity to direct technological,
institutional and behavioural innovation at a time of global structural change.

The Government should seize on the transition to a sustainable, inclusive and resilient economy to
rekindle productivity growth and induce innovation through a coherent, credible and targeted set of
policies. The intersection between environmental targets and fiscal sustainability requires strategic,
targeted investments, regulatory innovations and an intelligent approach to debt management, with
augmented fiscal rules.

This is an opportunity to unlock new, intelligent, sustainable forms of growth. The growth story of the
21st century is one of efficiency, innovation and high wages. Creating it, and ensuring it is inclusive, will
involve fundamental structural transformations. This must be carefully managed, but the opportunities
are too great to miss.

We recommend that the Government:

Drive a sustained increase in UK public and private investment and support innovation to boost
productivity

e Increase annual public investment by the equivalent of at least 1% of GDP, or £26 billion (at
current prices), driving investment in key sectors such as energy, transport and housing.

e Use the policy toolbox to support and steer private investment in the opportunities afforded by
the global transition to an efficient, resilient and inclusive economy.

o Explicitly support the knowledge sector, digitisation and Al to drive resource and energy efficiency.

e Curtail the development of new oil and gas fields in the North Sea and invest in energy-efficient
buildings and grid infrastructure to support renewable energy.

Promote new methodologies to better reflect the nature of structural change

e Utilise economic approaches that inform on risk and opportunity rather than attempt to forecast
structural change.

e Recognise that conventional cost-benefit approaches are inappropriate tools for assessing non-
marginal structural change. Adopt risk-opportunity analysis to assess policies designed to drive
systemic transformations and adopt the advice in Annex 7 of the Government’s Green Book.

e Commit the Office for Budget Responsibility and the Treasury to undertake a thoroughgoing
review of their forecasting methodologies to assess dynamic change, clearly setting out their
approach to the modelling of large-scale risks and opportunities in line with Annex 7 of the
Government’s Green Book.

Promote fiscal sustainability through temporary and targeted borrowing to invest

e Adjust fiscal rules to recognise that borrowing for good public net investment reduces the debt-
to-GDP ratio over time and is fiscally responsible, and to account for the net worth of the public
and private sector.

e Ensure scarce public resources are targeted at sectors close to a technology or behavioural tipping
point, and at growing areas where the UK has current or potential comparative strength.

Leverage private sector investment through a clear and predictable policy framework

e Develop a lasting, consistent and predictable policy framework, based on a national growth,
innovation and skills strategy, to provide investors with greater clarity and confidence that
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investment in heavily policy-driven and regulated sectors like energy, housing and transport will
be profitable.

Commit to an integrated and coordinated set of policies that addresses numerous market failures
and barriers to investment, including resource and carbon pricing, ambitious standards or
regulations, planning reform, support for R&D and deployment, and further mechanisms to
catalyse private capital towards sustainable and productive investments.

Create a dedicated, independent policy institution, focused on finding solutions to the country’s
productivity problem and analysing its interaction with sustainability imperatives - this can hold
policymakers accountable for inadequate policies for long-term prosperity.

Manage change and disruption

Recognise that strategic choices need to be made, and that there is no de facto “technology-
neutral” option.

Provide institutional capacity to increase understanding of the nature of structural change and
incentives to procure change rather than only setting targets.

Manage disruption and dislocation, responding to distributional impacts of all policies as a part of
a coherent skills and growth strategy to ensure that the risks and opportunities of the new
economy are shared.
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