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Meeting the goals of the Paris Agreement
requires a rapid worldwide transformation

of our energy and land-use systems. The
Glasgow Climate Pact of the United Nations Climate
Change Conference (COP26) in November 2021 not
only reaffirmed the commitment to limiting the increase

in global temperature to well below 2°C, ‘keeping 1.5°C
alive”and building resilience, but it also emphasised the
importance of additional government commitments and
action through the Nationally Determined Contributions
(NDGCs). The Breakthrough Agenda, also launched at
COP26, and supported by more than 40 countries, seeks to
accelerate progress towards the Paris goals by making clean
technologies in each of the most polluting sectors the most
affordable, accessible and attractive choice for all by 2030.

Achieving a structural transformation in all
the energy-consuming sectors in a just manner
requires a stronger and more coordinated
policy response across multiple policy domains
and levels around the world. Increased engagement
with civil society, businesses, youth, labour, media, Indigenous
Peoples and local communities is also essential.! Getting right
the policy efforts aimed at accelerating the energy transition
can unlock significant opportunities including new industries,
net generation of employment, liveable cities, positive health
impacts and opportunities to tackle justice and poverty
challenges simultaneously.
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Given the scale, speed and interdependencies
of the energy transition being pursued, this
action will require from governments the
application of an additional set of tools and
principles to support policy-making and
appraisal. Many of the economic principles, models, and
decision-making tools used by governments are designed
for use within contexts of ‘marginal’ or incremental change,
where technologies, markets and other economic structures
are relatively stable. Different tools are needed when, as in
the energy transition, the aims and context of policy include
widespread innovation and structural change.

The Ten Principles for Policymaking in the Energy
Transition outlined in this report are built on a wealth of
experience and analysis gathered over the last three decades
where policy has induced rapid innovation and growth in
clean energy technologies.We set out five ‘Policy Design’
principles, all of which complement each other, and five
‘Policy Appraisal principles that relate to how policy options
are compared, and decisions made. These are summarised

in the following table, alongside ‘traditional principles’, which
are stylised versions of principles that are sometimes used
to guide policymaking in situations of marginal change.
When describing each principle we outline the usefulness

of those traditional principles in their appropriate domains,
point out some of their limitations and explain the need to
complement them with the Ten Principles.
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Traditional principle Principle for the transition

Policy should be ‘technology neutral’ Technology choices need to be made

In a context of innovation and structural change, policies will almost always advantage some technologies more than O
others. It is better to choose deliberately rather than accidentally, supporting innovation in low-carbon directions. O’—OO
Some policies intended to be neutral can have a bias towards incumbents, and incremental change. \l.oo
Government interventions raise costs Invest and regulate to bring down costs
Well-designed investment and regulation policies can bring down the cost of clean technologies, by creating a \’\
‘demand pull’ for innovation that complements the ‘supply push’ of research, development and demonstration,

strengthening learning-by-doing feedbacks in technology development, deployment and diffusion.
Markets on their own optimally manage risks Actively manage risks to crowd-in investment
Low-carbon transitions involve many sources of uncertainty. Efforts to reduce the risks of private investment in O, ®
clean technologies, including public finance acting as a lead investor, can reduce technology risk and financing costs (&) @ ®
and greatly increase rates of investment and deployment. O O
Simply price carbon at a level that internalises Target tipping points

the damages of climate change

Well targeted interventions can activate tipping points in technology competitiveness, consumer preference, investor ﬁ
confidence, or social support for transitions, where a small input leads to a large change.This can inform the CJ
targeting and level of subsidies and taxes, as well as the stringency of regulations.

Consider policies individually based upon Combine policies for better outcomes
distinct ‘market failures’

A combination of policies will be needed to drive each low-carbon transition. Since the effect of each policy

depends on its interactions with others, assessing policies individually can be misleading. Assessing policies as a py
package can identify those that are mutually reinforcing, generating outcomes ‘greater than the sum of the parts’. @

Policy should be optimal Policy should be adaptive

There are many paths along which economies can develop over time. It is often impossible in practice to identify BAO
which is ‘best’ in terms of public goals, or even ‘least cost' economically, which implies there may be no single

‘optimal’ policy. Given also the potential to learn from experience, policy should be designed to be adaptive, so that \A/
it can more easily respond to unforeseen changes, exploit opportunities and manage risks.

Act as long as total benefits outweigh the costs Put distributional issues at the centre

Low-carbon transitions inevitably involve transfers of economic resources. Distributional issues should be central
to policy analysis, since they are important for environmental, economic and social goals, and are likely to have a
strong bearing on social support for the transition.

Link carbon markets to minimise current costs Coordinate internationally to grow clean
technology markets

Countries should coordinate internationally to grow clean technology markets in each of the emitting sectors
of the global economy. This can lead to faster innovation and larger economies of scale, accelerating the cost
reduction of clean technologies, with benefits for all countries.

Assess aggregate costs and benefits Assess opportunities and risks

Policy appraisal should consider risks and opportunities, not just costs and benefits, when unquantifiable or very
uncertain factors are likely to be important. Where the aim is transformational change, appraisal should consider the
effects of policies on processes of change in the economy, alongside their expected outcomes.

Policy models and assessment are neutral Know your biases

The construction of economic models unavoidably involves many choices that will influence their outputs, in which l@
there are no ‘correct’ answers.We should be aware of our biases, make model choices transparently and, where °
possible, use a range of models instead of a single one.
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The Economics of Energy Innovation and System Transition (EEIST) project was set up to
bring together new economic understanding and analysis to inform policy decisions for
deep decarbonisation, as set out in the goals of the Paris Agreement.The project’s first
report, ‘The New Economics of Innovation and Transition: Evaluating Opportunities and Risks’,?
launched at COP26, reviews evidence and theory to explain the limitations of traditional

policy appraisal methods and the rationale for a new approach. In that report we concluded

that policies central to some of the most outstanding successes in low-carbon transitions
so far were generally implemented despite — not because of — predominant economic

analysis and advice.

This report builds on that by setting out 10 principles

to inform policymaking in the context of the energy
transition, which we suggest can help governments to make
successful choices more often.We will refer to these as
‘the Ten Principles’ or simply ‘the principles’. These draw on
experience and evidence from the academic literature?® and
from the work of EEIST partners in China, India, Brazil, the
European Union and the United Kingdom.When presenting
them, we discuss this empirical evidence and feature one
specific illustrative case for each principle in a wide range
of geographies.

We put forward and discuss each of the Ten Principles

for Policymaking in the Energy Transition and set them
alongside some principles often included in traditional
economic guidance (typically as derived from equilibrium-
based economics). This guidance frequently assumes that
the goal of policy, particularly where markets are already
established, is to make ‘marginal’ changes — i.e., incremental
to existing systems without driving more fundamental
changes in technologies and structures — in the most
efficient way. We refer to this type of guidance as ‘traditional
principles’. There is a lot of variation in terms of the extent
to which these ‘traditional principles’ are used and how
they are implemented at different times and in different
sectors and countries, as well as in how strongly they

are recommended (or with how many caveats). Thus the
traditional principles are necessarily somewhat stylised,
albeit in ways often presented in economic textbooks

as the ‘ideal’. We present these traditional principles to
sharpen understanding of how the proposed principles may
bring new elements to decision-making.

Importantly, the Ten Principles are not necessarily intended
to replace the traditional principles in all situations. We
endeavour to briefly discuss the contexts in which the
traditional principles emerged in the first place, and to
differentiate where possible between their respective
domains of applicability. We also explain how the Ten
Principles incorporate the latest experience and empirical
analysis in the literature from around the world over the
last three decades of clean technology deployment, and
thus provide relevant insights specifically in the context
of the energy transition. As more researchers and policy
analysts engage with this and other related work, and as
even more evidence becomes available, the Ten Principles
could serve as a useful starting point.

A general point of departure is that traditional
approaches to policy appraisal are often essentially ‘static’.
By this we mean that traditional approaches typically aim
to predict the effects of policy at a given point in time
with an implicit assumption that these decisions would
have little or no implications for the structure of existing
markets and systems, normally assuming that, over time,
the world changes but it does so in relatively small ways
which are unaffected by the policy itself, and which
would not disrupt the fundamental assumptions.*

2 Anadon, L.D,, Barbrook-Johnson, P, Clark,A., Drummond, P, Ferraz, ).C., Gao, J., Grubb, M., Hepburn, C., Ives, M., Jones, A, Kelkar, U., Kolesnikov, S., Lam,A., Mathur, R., Mercure, J-F,
Pasqualino, R., Penasco, C., Pollitt, H., Ramos, L., Roventini,A., Salas, P, Sharpe, S.,Waghray, K., Xiliang, Z., Zhu, S. (2021).“The New Economics of Innovation and Transition: Evaluating
Opportunities and Risks’, EEIST Report to COP26. UK Department for Business, Energy & Industrial Strategy. www.eeist.co.uk/reports

3 See e.g.Anadon, L.D,, Pefiasco, C.,Verdolini, E. (2021). ‘Systematic review of the outcomes and trade-offs of ten types of decarbonization policy instruments’ Nature Climate Change.

doi.org/10.1038/s41558-020-0097 | -x

4 Stern, N. (2022). ‘A Time for Action on Climate Change and a Time for Change in Economics.’ The Economic Journal,Volume 132, Issue 644, May 2022, Pages 12591289, doi.

org/10.1093/ej/ueac005
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Such approaches are thus more suitable for situations

in which only marginal changes are either aimed for or
expected, where, for example, existing industries, institutions
and the market shares of incumbent technologies remain
largely unchanged.

However, there is now strong evidence suggesting that
decarbonisation through various policies advancing clean
technology research and development, demonstration

and deployment has led to the onset of a broad global
economic transformation. We have seen the creation

of entirely new global industries over the last 30 years

and growing interdependencies across technologies and
sectors, as demonstrated by the growing electrification of
personal transport, among other examples. Increasingly, the
least-cost options for decarbonisation in the medium to
long-term may involve structural economic changes. This
means that additional approaches to policy appraisal are
needed: approaches that can consider structural change,
and that can help policymakers manage transitions in a way
that maximises opportunities and minimises costs and risks.
Whereas traditionally, policy appraisal has often focused

on allocating existing economic resources efficiently within
fixed market structures, in this new context allocative
efficiency analysis needs to be complemented with
additional lenses, specifically concerning dynamic efficiency —
how well policies achieve desired change over the course
of time — as well as on questions of fairness.

To address the evolving needs of the policy community

in the context of the energy transition, this report
summarises the work by an international group of leading
researchers and practitioners to distil what has been
learned from the past three decades of different efforts

to decarbonise the electricity generation and energy-
consuming sectors, primarily focusing on power, transport
and buildings.We developed the Ten Principles and grouped
them into two topics:‘Policy Design’ (principles |-5) and
‘Policy Appraisal’ (principles 6-10).The former are aimed

at helping design policy to galvanise and scale up clean
technology development and deployment. The latter are
concerned with the need to consider additional dimensions,

Q

opportunities and risks, as well as with the process of policy
appraisal itself to ensure that, to the extent possible, it
considers uncertainties, opportunities, local knowledge and
context — something that necessarily involves continued
engagement with a broad range of stakeholders, including
vulnerable and marginalised communities.

While these Ten Principles could in theory inform policy
making in a wide range of situations, we note that the
context in which they are designed and implemented

varies considerably across sectors and geographies.
Therefore, a pragmatic approach to the detailed design and
implementation should account for the different contexts and
institutional and political cultures. For example, understanding
the implementing stakeholders in different geographies

and how they are involved, incentivised, empowered or
marginalised is key. Other examples of where context
matters include the fact that the impact and distribution of
some policy changes in terms of innovation, decarbonisation,
competitiveness and fairness will differ across countries that
have diverse levels of public ownership of companies and
industrial structures and capacities.

Our work also underlines the importance and complexity
of finance in such transitions. In parallel to these principles,
we have seen the importance of changing fiscal policy and
financial regulation to ensure that institutional investors and
others will deploy much larger amounts of capital into clean
energy technology solutions. This may involve additional
economic incentives and signals including fiduciary duty,
capital requirements, use of quantitative easing and fund
regulations.We do not attempt to cover the fiscal policy or
financial regulation aspects of the energy transition in these
principles as we focus on the necessary developments in
energy policy.

The evidence reviewed in this report suggests that
implementing these principles in appropriate ways could
address many of the barriers identified in scaling up clean
technology investment® and could help to refresh our
way of thinking around what works and what doesn't in
fostering a rapid zero-carbon transition.

5 Anger-Kraavi,A., Hafner, S., Jones, A., & Pohl, ]. (2020).‘Closing the green finance gap: a systems perspective’. Environmental Innovation and Societal Transitions, 34, 26






PRINCIPLE I:

Technology choices need to be made

Traditional principle: Policy must be technology neutral

Summary: In a context of innovation and structural change, policies will almost always
advantage some technologies more than others. It is better to choose deliberately rather

than accidentally, supporting innovation in low-carbon directions. Some policies intended

to be neutral can have a bias towards incumbents and incremental change.

Rationale for the

traditional principle
[t is common to hear in the energy and climate policy arena
that policies should be ‘technology neutral’ — in other words,
that broad-based market incentives should drive technology
choices to ensure cost-effective greenhouse gas emissions
reduction.® The goal of technology neutrality is often
invoked by arguing that policies and governments should
not ‘pick winners' and that they should allow competition
between alternative technologies on an assumed level
playing field.” It is also used in the context of concerns of
‘regulatory capture’ of public authority by private interests.

In the appropriate context, technology neutrality can be

a powerful tool that can foster the emergence of new ideas
(e.g., when having R&D funding rounds that are ‘open’ to
different technologies, or providing some level of block
funding®) and price discovery, flexibility and competition
(for example, in the context of carbon pricing®'©).

In addition, some classic empirical work demonstrates
cases in which picking technologies can be driven by, or
lead to, cronyism (the favouring of connected people for
government roles or contracts on a non-competitive basis)
or government failure'' (in economic terms, governments
as well as markets can be beset by failures, compared to
the theoretical best).

Limitations of the

= traditional principle
In spite of the prominence of the concept of technology
neutrality, it is often poorly defined and understood.'?
One reason for this is that, depending on the policy
instrument, context and policy objective, technology
neutrality is sometimes used to used to discuss avoiding
favouring or ‘picking’ industry sectors, parts of the energy
system (e.g, transport vs electricity), different technologies
to generate electricity (e.g., wind vs. solar; or onshore
vs offshore wind), or specific technology designs (e.g, a
particular direct air capture project for demonstration).
In other words, in some cases the ‘technology’ part seems
to be referring to uses, in others to devices, and at different
levels of granularity — thus the principle of technology
neutrality is hard to define.

Technology neutrality is also a concept that is difficult

to implement in practice — and in some circumstances
impossible. Most obviously, in research and development,

a programme may support a range of technologies, but it
cannot support everything: something has to be researched,
and something has to be developed. Some choices have

to be made. Less obviously, but equally importantly, the
effect of a market-shaping policy in a particular sector will
have different impacts on different technologies. A policy
that has the impact of encouraging the uptake of the least
costly opportunities for short-term emissions reduction will
tend to encourage the deployment (and therefore further
development) of clean technologies that are relatively
mature (and so lower cost) more than those that are less so.

6 Gawel, E, Korte, K., Lehman, P. (2018). Technology Neutrality: A Critical Assessment. Technology Neutrality in the Context of Transport. Agora Verkehrswende. Helmholtz Centre for

Environmental Research.Available at: www.ufz.de/index.php?en=46374

7 Powell,]. (2011).Why politicians lose so much money trying to pick winners. Forbes. October 24. Available at: www.forbes.com/sites/jimpowell/20 | 1/10/24/why-politicians-lose-so-

much-money-trying-to-pick-winners/!sh=5ecf4cf742af

8 Anadon, L. D, Bin-Nun,A., Chan, G., Narayanamurti,V. (2017). ‘The pressing energy innovation challenge of the U.S. national labs. Nature Energy 1: 16117.doi:10.1038/
nenergy.2016.1 17;Anadon, L.D., Bin-Nun,A., Chan, G., Goldstein,A.P, Narayanamurti,V. (2017) ‘Six principles for energy innovation. Nature 552: 25-27;Wang, ], Lee,Y-N, Walsh, J-P.
(2018) Funding model and creativity in science: Competitive versus block funding and status contingency effects. Research Policy 47(6), 1070-1083.

9 Stavins, R.N. (1998).What Can We Learn from the Grand Policy Experiment? Lessons from SO2 Allowance Trading. The Journal of Economic Perspectives.Vol. 12, No. 3 (Summer,
1998), pp. 69-88; Schmalensee, R., Stavins, R.N. (2013).The SO2 Allowance Trading System: The Ironic History of a Grand Policy Experiment. Journal of Economic Perspectives (27) 1,

103-122.

10 Metcalf, G. E. (2009).Tax Policies for Low-Carbon Technologies. National Tax Journal.Vol. 62, No. 3, pp. 519-533.
11 Cohen, LR, Noll,R. (1991).The Technology Pork Barrel. Brookings Press.Washington D.C., USA. June I, 1991.
12 Greenberg, B.R. (2016). Rethinking Technology Neutrality. Minnesota Law Review 207 (Vol. 100, page 1495.) scholarship.law.umn.edu/cgi/viewcontent.cgi?article=1206&context=mlr
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The relative effect of a given policy on different
technologies will vary not only according to those
technologies' relative costs at that point in time, but also
depending on factors such as the available infrastructure,
market structures and costs of capital.

Since all these factors tend to weigh in favour of the more
mature technologies, policy thought to be designed as
neutral can end up discriminating against emerging or future
technologies, and potentially even promoting or reinforcing
a status-quo bias.”? In situations involving structural change
in particular, this tendency to favour incremental change

can hinder the fast technology developments and cost
reductions needed in key parts of the economy to meet
climate change goals.

@ The case for Principle |

Since policy cannot avoid supporting some technologies
more than others, the policymaker must choose between
technologies either deliberately or accidentally. Incumbent
technologies tend to benefit from existing networks,
asymmetries of information and institutional lock-in,"*
which normally reinforce their existing dominance. This
path-dependent nature of technology and economic
development means that apparently small choices in favour
of one technology or another at one moment in time could
have large consequences over a longer period.We propose
that deliberate choice is preferable to accidental choice and
suggest that, while uncertainties cannot be eliminated, there
are some empirical grounds on which deliberate choices
can reasonably be based.

Evidence shows that, at least to date, policy instruments
that were not designed to be technology neutral are
largely responsible for the large (and largely unexpected'®)
progress that the world has made reducing the costs

and growing the deployment of key energy technologies,
particularly in the context of incentives and regulations

to foster early-stage deployment and market growth.'®

Specifically, the rapid technological progress we have seen
in areas like solar photovoltaics, on-shore and off-shore
wind, concentrating solar power and lithium-ion batteries
for electric vehicles, for example, was not driven by
generic R&D investments and carbon pricing, but instead
by ‘innovation policy packages’ which have enabled cost
reductions and supported adoption'” that involved a lot
of deliberate technology choices made by governments in
many countries over decades. These policies have included
demand-pull policies such as standards on energy efficiency,
renewable portfolio or fuel standards, feed-in tariffs and
auctions, as well as R&D (both targeted and untargeted)
and demonstration support.

The history of solar PV is now a classic example of
countries putting in place different policies ‘picking’ solar
PV —including R&D and procurement (US), niche market
subsidies for residential deployment (Japan), feed-in tariffs
(Germany) and further scale-up through subsidies (China)
— resulting in costs coming down by a factor of over 10,000
since they were commercialised six decades ago.'® At
root, the reasons for dedicating attention and resources to
solar in spite of initial high costs per unit energy include its
potential: solar is by far the world's biggest, most intense
and most widely distributed clean energy resource."”

There are also other reasons why policies deliberately
focused on supporting specific technologies can be
expected to lead to faster innovation and greater cost-
effectiveness in a dynamic sense over time. Experimentation,
production and installation can lead to cost reductions
through learning-by-doing and economies of scale (see
Principle 2).The process of learning by doing can be
understood as a positive externality (firms deploying the
technologies do not fully appropriate the benefits of the
experience?®?') and as a reinforcing feedback: the more
something is made, the more we learn to make it better;
this leads to more demand, and more production.

13 Ibid.

14 Hepburn, C., Stern, N., Stiglitz, J. E. (2020). Carbon pricing. European Economic Review, 127, 103440.

15 Anadon, LD., Meng, ., Verdolini, E., Way, R. (202 1). Comparing expert elicitation and model-based probabilistic technology cost forecasts for the energy transition. PNAS | 18(27).

doi.org/10.1073/pnas. 1917165118

16 Anadon, L.D., Penasco, C.,Verdolini, E. (2021).‘Systematic review of the outcomes and trade-offs of ten types of decarbonization policy instruments. Nature Climate Change.

doi.org/10.1038/s41558-020-0097 | -x

17 IPCC. (2022). Intergovernmental Panel on Climate Change 6th Assessment Report Working Group lll on Mitigating Climate Change. Summary for Policy Makers. B.4.Also, Chapter
16. report.ipcc.ch/aréwg3/pdf/IPCC_AR6_WGIII_FinalDraft_FullReport.pdf report.ipcc.ch/aréwg3/pdf/IPCC_AR6_WGIII_SummaryForPolicymakers.pdf

18 Nemet, G.F. (2019). How solar became cheap. Routledge. London and New York.

19 Anadon, L.D., Hoppmann, J., Narayanamurti,V. (2020) Why matter matters: how technology characteristics shape the strategic framing of technologies. Research Policy. 49:1, 103882.

Dol: doi.org/10.1016/j.respol.2019.103882

20 Thompson, P. (2010). Learning by doing. Handbook of the Economics of Innovation 1(10), 429-476.

21 National Academies of Sciences, Engineering, and Medicine. (2016).The Power of Change: Innovation for Development and Deployment of Increasingly Clean Electric Power

Technologies. Washington, DC: The National Academies Press. doi.org/10.17226/21712
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The unit costs of some forms of renewable energy and of batteries for passenger EVs have fallen,
and their use continues to rise.
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Figure I. Unit cost reductions and use in some rapidly changing mitigation technologies. The top panel shows global costs
per unit of energy (US$/MWh) for some rapidly changing mitigation technologies. Solid blue lines indicate average unit cost in each year.
Light blue shaded areas show the range between the 5th and 95th percentiles in each year. Grey shading indicates the range of unit
costs for new fossil fuel (coal and gas) power in 2020 (corresponding to US$55—148 per MWh). In 2020, the levelised costs of energy
(LCOE) of the four renewable energy technologies could compete with fossil fuels in many places. For batteries, costs shown are for |
kWh of battery storage capacity; for the others, costs are LCOE, which includes installation, capital, operations and maintenance costs
per MWh of electricity produced. The literature uses LCOE because it allows consistent comparisons of cost trends across a diverse
set of energy technologies to be made. However, it does not include the costs of grid integration or climate impacts. Further, LCOE
does not take into account other environmental and social externalities that may modify the overall (monetary and non-monetary)
costs of technologies and alter their deployment. The bottom panel shows cumulative global adoption for each technology, in GW of
installed capacity for renewable energy and in millions of vehicles for battery-electric vehicles. A vertical dashed line is placed in 2010
to indicate the change since ARS. Shares of electricity produced and share of passenger vehicle fleet are indicated in text for 2020
based on provisional data, i.e., percentage of total electricity production (for PV, onshore wind, offshore wind, CSP) and of total stock of
passenger vehicles (for electric vehicles). The electricity production share reflects different capacity factors; e.g., for the same amount of
installed capacity, wind typically produces about twice as much electricity as solar PV. Similar fast cost reductions have been observed in

solid state lighting.? Source: IPCC SPM3 Figure.®

22 Anadon, LD, Kolesnikov, S.,Weinold, M. (2021). Quantifying the impact of performance improvements and cost reductions from 20 years of light emitting diode manufacturing.
Proceedings of the International Society for Optics and Photonics (SPIE). Light-Emitting Devices, Materials, and Applications XXV: 117061 1.

23 IPCC (2022). Intergovernmental Panel on Climate Change. 6th Assessment Report, Working Group Ill on Mitigating Climate Change. Summary for Policy Makers. Available at:
www.ipcc.ch/report/aré/wg3
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In economic terms, learning-by-doing can generate benefits
to companies and actors beyond the companies involved in
manufacturing and/or installation and thus can result

in ‘spill-overs'. Economies of scale?® can also create a
reinforcing feedback: the more the unit scale of production
increases, the more the cost of each unit falls; this tends to
increase demand, leading to more production. Technology-
specific policies can directly strengthen these reinforcing
feedbacks, giving policy a self-amplifying effect, leading

to dramatic technological progress over time for some
technologies. In contrast, ‘technology neutral’ policies may
in some cases simply incentivise the existing fossil-fuelled
system to function more efficiently, in which case these
feedbacks are not strengthened.

In addition, innovation, improvement and cost reduction are
likely to be most strongly sustained over time when there

is alignment between the ‘technology push’ of research

and development, and the ‘demand pull’ of market-creating
policies. An element of conscious technology choice can
help policy achieve this alignment.

As illustrated in case study | on wind power in the UK
there were large public benefits in terms of innovation and
cost reductions, and indeed opening up major new national
resources, that emerged from creating technology-specific
deployment policies, first for onshore wind and solar and
later for offshore wind.

In short, some technology choices must be made.The
extent to which technology choices are needed will depend
largely (but not only) on expectations regarding learning

by doing, economies of scale and costs of finance. In turn,
the preferred policy instruments to decarbonise particular
sectors should depend on the number and costs of the
available technologies, the structure of the sector, the
information and funding available, and the country context.
For example, technology-neutral regulations or carbon
prices may be sufficient to spur technology development
and deployment in markets in which several alternative
technologies are available that are nearly competitive with
incumbents. In contrast, in areas of the economy in which
afternatives are few and expensive, a carbon price may have
limited effectiveness and specific demonstration and/or
targeted demand-pull efforts appropriate for the particular
sector and country context could be necessary to bring
new technologies to markets.

To make progress in areas or sectors that are currently
hard to decarbonise, significant investments, finance and
policy attention are needed and this means that there are
also practical limits to how many technologies, sectors or
missions can and should be ‘picked’. Particularly when it
comes to deployment, it is important to select which still-
expensive technologies to support for early adoption. Thus,
a crucial criterion for designing policies is which technologies
can reasonably be expected to make rapid progress and
become competitive with cumulative investment. Research
shows that, to date, the best predictor of future cost
trajectories are not models or experts, but previous cost
trajectories®?. There is also some emerging evidence that
technologies that are more granular or modular (such as
those highlighted in Figure |) have consistently seen faster
cost declines (or learning rates) when compared to more
bulky and bespoke technologies such as nuclear energy?’
Notably, the more robust evidence points to the value

of using prior cost reductions, especially those that occur
after the very early commercialisation of technologies, to
understand future ones considering uncertainty.

When a decision is made to support a specific technology
with financial incentives, it can be useful to design
programmes to ensure that the support can be easily
removed once the objectives are reached, to avoid unduly
locking-in technologies over the longer run or suffering
from state or regulatory capture. (This point is explored
further in Principle 6.)

In sum, technology choice and prioritisation must be
strategic, transparent and accountable, and adaptable

(see Principle 6).Where possible, it could make effective
use of a portfolio approach? and involve a policy mix
(Principle 5). Strategic choice refers to targeting substantial
sources of emissions in which big technological leaps are
needed, where the risk of failure in terms of technology
performance or cost is too great and firms are less likely to
invest without public sector intervention. Areas with these
characteristics could also be identified using Principle 9 and
may include green hydrogen, net-zero steel and cement
production, long-term dispatchable power; and net-zero
aviation and shipping. Adaptability is important both in terms
of fostering innovation cost-effectively but also in reducing
risks of uneven distributional impacts (see Principle 7).

24 Gillingham, K., and Sweeney, ]. (2010). Market failure and the structure of externalities. In Harnessing renewable energy in electric power systems:Theory, practice, policy.

Washington, DC: RFF Press. 69-91.

25 Farmer, ).D., Lafond, F. (2016). How Predictable Is Technological Progress? Research Policy 45, 647-655.
26 Anadon, L.D., Meng, ,.Verdolini, E.,Way, R. (2021). Comparing expert elicitation and model-based probabilistic technology cost forecasts for the energy transition. PNAS 118(27).

doi.org/10.1073/pnas. 19171651 18

27 Wilson et al. (2019).‘Granular technologies to accelerate decarbonization. Science 368(6486):36-39.;Anadon, L.D., Meng, },.Verdolini, E.,Way, R. (2021). Comparing expert
elicitation and model-based probabilistic technology cost forecasts for the energy transition. PNAS |18(27). doi.org/10.1073/pnas.19171651 18; Malhotra,A., Schmidt, T. S. (2020).

‘Accelerating Low-Carbon Innovation’. Joule 4(11):2259-2267.

28 Farmer, D,, Lafond, F, Lillo, F, Panchenkof,V.,Way, R. (2019).Wright meets Markowitz: How standard portfolio theory changes when assets are technologies following experience

curves. Journal of Economic Dynamics and Control 101:211-238.
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CASE STUDY 1:

Offshore wind had long presented an interesting
opportunity for UK domestic energy development, given
the resource potential in the North Sea and UK industry’s
offshore engineering capability. However, as late as 2008,
early trials generated power at around £170/MWh, many
times more than the cost of electricity produced by
incumbent technologies.*?

In 2002, to meet its target for 10% of power from
renewables by 2010, the UK government introduced the
Renewables Obligation (RO), a tradable green certificate
mechanism providing subsidy in addition to the market
price of electricity. The mechanism was originally
technology-neutral (i.e. one certificate was issued per unit
of power generated by any renewable generator) and the
result was to favour the construction of mature, lowest-
cost technologies (mainly onshore wind), with potentially
excessive subsidy, while failing to incentivise investments
into riskier and more expensive offshore wind projects.®

To tackle this problem, in 2009 the government introduced
technology ‘banding’, through which a different number of
certificates were issued — and therefore a differentiated
subsidy provided — to technologies at different levels

of maturity. This doubled the support levels for several
immature technologies, including offshore wind, and
reduced them for some of the most mature technologies.
This was supported by two enabling policies: (a) the
creation of the Offshore Wind Accelerator (developed and
managed by the government-backed Carbon Trust), which
brought together nine leading offshore wind developers

to accelerate commercialisation and cost reductions; and
(b) the auction of rights by the Crown Estate for seabed
space that could serve over 32 GW of offshore capacity.
The stability and generosity of the offshore wind RO
subsidy gave developers space to experiment and develop
and led to learning by doing and cost-reductions across the
supply chain, including in the financial sector.

[Summary largely from 2%3031]

In 2013 the RO was replaced by fixed-priced Contracts
for Differences (CfDs). The new renewable capacity to

be awarded these contracts were divided into different
technology ‘pots’ according to levels of maturity, reflecting
the lessons learned with the RO, and the need to ensure
support was channelled to a range of technologies, rather
than just to those with already relatively low costs.

After an initial generous government-negotiated allocation,
at a scale which attracted foreign investment into a UK
manufacturing centre for wind turbines, the government
then moved to competitive auctions, which yielded ‘strike
prices’ (fixed revenue) of £120/MWh and £114/MWh in
2015 auctions, £75/MWh and £58/MWh in 2017, £42/
MWh in 2019 and, in 2022, £37/MWh (all in 2012 prices)
—afall in costs of over two-thirds in less than a decade
(see Figure 2). This has been delivered through large

cost reductions across installation and commissioning,
balance of plant and turbine costs, and, to a lesser extent,
operations and maintenance, and development — induced
by learning by doing and economies of scale. The result
was that, just a decade after introducing technology
‘banding’ under the RO (essentially ‘picking offshore wind’),
the cost of offshore wind became competitive with fossil
fuel generation, and can now be considered subsidy-free.

In the latest auction, in early 2022, new offshore wind
was contracted at just £37/MWh (2012 prices), to begin
generating in 20263 — less than one quarter of the price
of electricity available from the wholesale market at the
time the contracts were awarded. Under the CfDs, this
means generators will be returning substantial revenue
ultimately to electricity consumers, making offshore wind
substantially ‘subsidy negative’ if anything like current
electricity prices continue. This could not have been
achieved if renewable support policy had remained
technology neutral.

29 Grubb et al. (2021).The New Economics of Innovation and Transition: evaluating opportunities and risks. EEIST Report. eeist.co.uk/eeist-reports.Wind Energy in the UK and

Brazil Annex.

30 Carbon Trust. (2006). Policy Frameworks for Renewables. Page 3.Available on: www.carbontrust.com/resources/policy-frameworks-for-renewables Accessed on July 5,2022.

3| Daglish, )., Drummond, P, Grubb, M., Jennings, T., Tipper; H.A. (2020). Policy, innovation and cost reduction in UK offshore wind.The Carbon Trust, London.

32 Grubb et al. (2021) The new economics of innovation and transition: evaluating opportunities and risks. EEIST Report. eeist.co.uk/eeist-reports

33 Carbon Trust. (2006). Policy Frameworks for Renewables. Page 3.Available on: www.carbontrust.com/resources/policy-frameworks-for-renewables Accessed on July 5,2022.

34 assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/|088875/contracts-for-difference-allocation-round-4-results.pdf
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Figure 2. Development of offshore wind prices and costs in the UK. ‘Strike prices’ (in 2012 prices) are the lowest values awarded to
offshore wind under CfD FIDER round (pre-defined prices, awarded in 2013), Auction Round | (held in 2015), Auction Round 2 (held in
2017) and Auction Round 3 (held in 2019). ROC (Renewable Obligation Certificate) is the estimated value of the subsidy under the RO
mechanism. (Source: *°)
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PRINCIPLE 2:

Invest and regulate to bring down costs

Traditional principle: Government interventions raise costs

Summary:WVell-designed investment and regulation policies can bring down the cost

of clean technologies, by creating a ‘demand pull’ for innovation that complements the

‘supply push’ of research, development and demonstration, strengthening learning-by-doing

feedbacks in technology development, deployment and diffusion.

Rationale for the
traditional principle

Providing incentives or regulations for particular

technologies is sometimes described, or seen, as ‘inefficient’

because it distorts more efficient allocations of capital

by markets.

The theoretical basis for this argument is that, in equilibrium,
a market ensures the optimal allocation of economic
resources. Any policy intervention, unless specifically
addressing a market failure, will by definition lead to an
allocation of resources that is inferior. More practically, this
argument partly relies on analyses suggesting that, over

the long run, competition can generate high productivity
and economic growth and growing prosperity through
improvements in business efficiency and innovation
incentives. It also implicitly assumes that regulation or
incentives will decrease competition and ‘efficient’ allocation.

There are also policy and country-specific empirical
analyses that illustrate how, in the short term, fiscal or
regulatory policies typically result in increases in some
specific costs. For example, one study suggested that
periods of rapid increases in (mainly defence) US federal
R&D funding between 1968 and 1994 contributed to
substantial increases in scientists' wages.”” Another study
showed that local content regulations for solar PV in
India over three years led to short-term increases in
technology costs compared to a similar projects without
such regulations, during a time of deployment in which the
costs of the technology in auctions with and without local
content requirements were coming down.*®

Limitations of the

=¥ traditional principle
The assumption that government intervention raises costs
does not actually reflect societal goals (or all costs, benefits,
risks and opportunities), the dynamics of technological
change over time, or the practical realities of markets. It is
well established that markets do not deliver public goods
(such as defence or energy security®) by themselves or
always work efficiently because of various externalities
including learning by doing, information problems and
market power*

More fundamentally, the idea of ‘optimal allocation of
economic resources' is a static one. Over the course of
time, there are many different development pathways that
an economy can take — more than can ever be explored
— and none of them can meaningfully be described as
‘optimal’. Over time, economies undergo persistent
technological and structural change. Most jobs today did
not exist in 1940, many sectors that are thriving now
did not exist a few decades ago. Even though in the short
term there were often associated costs, government
interventions of various forms, including but not limited to
state R&D funding, procurement, targeted investment and
regulation, have been crucial in creating new economic
sectors and enhancing wellbeing.*

36 Aghion, P, Blundell, P, Griffith, R., Howitt, P, Prantl, S. (2009). The Effect of Entry on Incumbent Innovation and Productivity. Review of Economics and Statistics 91(1), 20-32.

37 Goolsbee,A. (1998). Does Government R&D Policy Mainly Benefit Scientists and Engineers?. American Economic Review 88 (2): 298-302.

38 Anadon, L.D,, Anatolitis,V., Kontoleon, A,, Probst, B,. (2020). The short term costs of local content requirements in the Indian solar auctions. Nature Energy doi.org/10.1038/s41560-020-

0677-7.

39 Golthau,A. (2012).A public policy perspective on energy security. International Studies Perspectives |3, 65-84.

40 OFT. (2009). Government in Markets. UK Office of Fair Trading. Available at: assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/284451/

OFTI113.pdf

41 Autor, D, Mindell, D., Reynolds, E. (2020). The Work of the Future. MIT Task Force on the Work of the Future.Available at: workofthefuture.mit.edu/wp-content/uploads/2021/01/2020-

Final-Report4.pdf

42 Mazzucato, M. (2013).The Entrepreneurial State. Debunking Public vs. Private Sector Myths. Anthem Press. New York, NY, USA.; Janeway, W. (2012). Doing Capitalism in the
Innovation Economy: Markets, Speculation and the State. Cambridge University Press. Cambridge, UK.
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6{ The case for Principle 2

The extensive data from decarbonisation policies reviewed
provides strong evidence of a link between ‘demand-pull’
policies — those that shape markets to increase demand
for clean technologies, including some fiscal incentives

and some regulations,” (e.g, tax incentives, portfolio or
efficiency standards, feed-in-tariffs, public procurement,
demand aggregations and auctions) and reductions in

the costs of key clean energy technologies (e.g., solar PV,
onshore and offshore wind power; lithium ion batteries, and
solid state lighting).** As we highlighted in our last report,
‘The New Economics of Innovation and Transition: Evaluating
Opportunities and Risks":

B Market-creating policies, in particular feed-in tariffs and
portfolio standards, notably in Germany and China but
also in many other countries, have been central to the
dramatic cost declines that have made solar power ‘the
cheapest electricity in history’.

B In India, public procurement was central to cutting
the cost of efficient lighting by 85% in four years, and
bringing electric lighting to millions of homes for the
first time.

B In the UK targeted subsidies cut the cost of offshore
wind by around 70% over a decade, making it a cheaper
source of electricity generation than gas (See Case
Study I).

Most of these policies — some fiscal incentives, some
regulations — did initially raise system costs (most notably,
electricity prices), in the sense that they supported new
technologies that were at first more expensive than the

incumbents. But over time, they led to deep cost reductions.

While the many individual studies reviewed, by themselves,
are not fully able to isolate the impact of specific policies

on cost reductions, taken as a whole and with the

fact that many of them control for important possible
confounding factors, they provide overwhelming evidence
that supporting deployment at scale leads to technology
and sectoral cost reductions through learning-by-doing,
economies of scale and spill-overs (see case study 2 on
onshore wind technology cost reductions in Brazil).

This effect can be understood in the terms described
under Principle |:targeted investment and regulation can
directly strengthen learning by doing and economies of
scale (i.e. reinforcing feedbacks) and foster new networks
and business models, all of which accelerate technology
innovation, development, cost reductions and diffusion. For
the best effects over the long term, these policies should
be strategic (see Principle |), complementary (Principle 5),
adaptive (Principle 6) and just (Principle 7).

Broader studies on innovation further show that innovation
is cumulative® and path-dependent.* Policy plays an
important role in steering the direction of development.
Without any such steering, markets are likely to unduly
favour incumbents. Indeed, the concern about regulatory
capture, a common criticism of demand-pull policies, can
apply also to existing institutions and regulations favouring
fossil-fuel incumbents.

As hinted at in the ‘rationale for the traditional principle’,
supporting clean energy technologies is a form of industrial
policy that has been referred to as ‘green industrial policy*®
and usually involves (at least) some short-term costs.
Industrial policy is a complex area in which there are
legitimate concerns about government failures, capture and
efficiency, but also lessons about how to do it well (see
various references here®).

43 Regulation can be broadly defined as the imposition of rules by government backed by the use of penalties. They are “intended specifically to modify the economic behaviour of
individuals and firms in the private sector” and can involve rules about prices, output, rate of return, disclosure of information, particular performance or other standards, etc.
OECD. (2002). Glossary of Statistical Terms.Available at stats.oecd.org/glossary/detail.asp?lD=3295

44 Anadon, L.D,, Pefiasco, C.,Verdolini, E. (2021). ‘Systematic review of the outcomes and trade-offs of ten types of decarbonization policy instruments. Nature Climate Change.

doi.org/10.1038/s41558-020-0097 | -x; Dechezlepretre,A., Drummond, P, Gillingham, K., Glachant, M., Grubb, M., Hassall, G., McDowall,W., Mizuno, E., Pavan, G., Pefiasco, C., Poncia,

A., Popp, D., Samadi, S., Smulders, S., Rubin, E.S. (2021). Induced innovation in energy technologies and systems: a review of evidence and potential implications for CO2 mitigation.
Environmental Research Letters. iopscience.iop.org/article/10.1088/1748-9326/abde07; Anadon, L.D., Hoffmann,V.H., Stephan, A. (2021). How has external knowledge contributed to
lithium-ion batteries for the energy transition?” iScience doi.org/10.1016/j.isci.2020.101995; and Anadon, L.D.,Weinold, M., Kolesnikov, S. (2021).‘Quantifying the impact of performance

improvements and cost reductions from 20 years of light emitting diode manufacturing’ Proceedings of the International Society for Optics and Photonics (SPIE). Light-Emitting Devices,

Materials, and Applications XXV 2021: 117061 1.

45 Arthur, B. (2007).The Nature of Technology:What it is and how it evolves. Simon & Schuster. New York, NY, USA.

46 Unruh, G.C. (2000). Understanding carbon lock-in. Energy Policy 28(12), 817-830.

47 Dal Bo, E. (2006). Regulatory Capture:A review. Oxford Review of Economic Policy 22(2), 203-225.

48 Altenburg, T, Rodrik, D. (2017). Chapter |: Green industrial policy:Accelerating structural change towards wealthy green economies. In Green Industrial Policy: Concepts, Policies,
Country Experiences. Eds.Altenburg, T, and Assmann, C. Geneva, Bonn: UN Environment; German Development Institute / Deutsches Institut fir Entwicklungspolitk (DIE). Available
at: drodrik.scholar.harvard.edu/files/dani-rodrik/files/altenburg_rodrik_green_industrial_policy_webversion.pdf;Accessed on July 5,2022.

49 Green Industrial Policy: Concepts, Policies, Country Experiences. Eds. Altenburg, T, and Assmann, C. Geneva, Bonn: UN Environment; German Development Institute / Deutsches
Institut fiir Entwicklungspolitk (DIE). Available at: drodrik.scholarharvard.edu/files/dani-rodrik/files/altenburg_rodrik_green_industrial_policy_webversion.pdf;Accessed on July 5,

2022; Grubb, M. (2014). Planetary Economics, Section 9.1 |. Routledge, London.; Rodrik, D. (2014).‘Green Industrial Policy. Oxford Economic Review.30 (3) :469-491

50 Pefasco et al (2021) Systematic review of the outcomes and trade-offs of ten types of decarbonisation policy instruments, Nature Climate Change. | |,257-265
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In some cases there is evidence of policy having some policies having relatively small short-term adverse effects
‘business-stealing effects’ (i.e., of investments that help on competitiveness.>® However; these effects can be small
one firm get ahead without improving productivity), and compared to the transformational gains described above.
in some other cases there is evidence of decarbonisation

50 Pefasco et al (2021) Systematic review of the outcomes and trade-offs of ten types of decarbonisation policy instruments, Nature Climate Change. | |,257-265
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CASE STUDY 2:

The first wind turbine generator installed in Brazil was
in the Fernando de Noronha archipelago, in 1992. It was
a result of a partnership between the Brazilian Center
for Wind Energy (CBEE) and Pernambuco State Power
Company (CELPE) and it was financed by Folkecenter, a
Danish research institute. Because of high technological
costs, ten years later wind-power plants were still an
insignificant part of the Brazilian total power supply.

At that time (around 2001) the weighted average total
installed cost of wind power in Brazil was still above
US$3,300/kWV (2020 US$/kW)** with a LCOE

of US$0.097/kWh (2020 US$/kWh) (see Figure 4).

In 2001, an intense period of drought resulted in lower
levels of power generation capacity from hydropower
plants, which had historically accounted for around three
quarters of power generation in the country. This drought
period was a tipping point for wind power from the
perspective of policymakers. To solve the problem, following
a failed attempt in 2001 to design an Emergency Programme
of Wind Energy (Proedlica) by the Electric Energy Crisis
Management Chamber (GCE), the government created the
Incentive Programme for Alternative Sources of Electric
Energy (Proinfa) in 2002. It had the objective of increasing
the share of wind energy, biomass and small hydroelectric
power plants in the generation of electricity in the National
Interconnected System?®3 and it consisted of both fiscal and
regulatory measures.

Proinfa was fully operational in 2004, when it created a
power purchase agreement (PPA) for three alternative
renewable energy sources to last for 20 years from the
start of operations of the plants in December 2011.

The promotion system was based on feed-in tariffs, with
prices higher than those paid by hydro and thermal plants,
financed by extra fees paid by all users of the system>* and
the establishment of power quotas by type of renewable
energy (1,100 MW for each of the three alternative sources).

[For additional background, see®']

Independent producers not controlled by electricity
generation, transmission or distribution concessionaires
were subject to preferential treatment in the programme,
and the financing — supported by the National Bank for
Economic and Social Development (BNDES) — was made
conditional on 60% of the production chain coming from
domestic manufacturing facilities.>>

The government intervention in the 2000s created
incentives to develop infrastructure and make onshore
wind generation cost competitive in the country. The
impact of Proinfa and subsequent specific auctions

for renewable energy in the process of adoption and
consolidation of wind energy in Brazil was especially
significant. In 2004 the Brazilian government started

a second phase of reforming the electricity market by
requiring distribution companies to engage in long-term
contracts through competitive auctions, following the
Proinfa PPA that same year>’ It created an exclusive
auction for wind energy in December 2009 and a specific
auction for alternative power sources, in which wind
power was included, in August 2010. These efforts
continued to support learning by doing in project
development and installations. In August 2011, wind
energy ventures won contracts in auctions that were
open to a wide range of energy sources, including natural
gas, biomass and hydroelectric power plants. Since then,
the wind sector has continued to be highly competitive
in energy auctions open to other energy sources and
deployment has grown to over 21 GW?#>? (see Figure 3).

At constant April 2013 prices, the price of wind energy
in Proinfa in 2004 was US$182.6/MWh, while almost a

decade after, in an auction held in December 2013 the

price had dropped to US$59.5/MWh.®

51 Grubb et al. (2021).The New Economics Of Innovation And Transition: Evaluating Opportunities And Risks. EEIST Report. November 2021. eeist.co.uk/eeist-reports.Wind Energy in
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Note: Figures along the graph represent the wind power capacity awarded in each auction round in MW

These regulations and fiscal incentive policies, combined
with the availability of finance from the Brazilian
Development Bank (BNDES) — which took riskier positions
to provide finance for renewable energy as a policy priority
to foster local industrial capacity development — have been

a success: the cost of installed wind power capacity fell
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2020

by 57% between 2001 and 2020 (IRENA reports costs
around US$1400/kWV) in less than 20 years. As shown in
Figure 4, the levelised cost of onshore wind energy (LCOE)
also fell significantly: from 1999 to 2020 it went down by
approximately 70%.

Wind now provides around 11.9% of
Brazil’s electricity generation® and has
become the second-largest energy source
in the national electricity matrix. The
policies have also contributed to industrial
growth: Brazil now has six turbine
factories and hundreds of companies in
the wind-power supply chain, and the
sector supported more than 150,000 jobs
by 2016.6> More recently, in January 2022,
the Brazilian government expanded its
policy and regulation to include offshore
windfarms, which are expected to fall in
cost and increase the country’s power
capacity substantially in this decade.
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PRINCIPLE 3:

p 4

Actively manage risks to crowd-in

investment

Traditional principle: Markets on their own optimally
manage risks

Summary: Low-carbon transitions involve many sources of uncertainty. Efforts to reduce

the risks of private investment in clean technologies, including public finance acting as a

lead investor, can reduce technology risk and financing costs and greatly increase rates of

investment and deployment.

Meeting the international climate change goals requires

a significant increase in investment, of the order of

USS$ ! trillion per year between 2030 and 2050, from
diverse sources including venture capital, private equity, bank
finance, state agencies and institutional investors.®” There is
an expectation that markets supporting this transformation
with ‘investment grade policy’,*® which ensures that
externalities are costed and internalised, will drive this
change. Financial markets can be useful mechanisms for
more efficient capital allocation in response to various types
of risks, including some types of technological and price
risks. For example, more developed financial sectors (i.e.,
those that had bigger markets and more informative prices,
less state ownership, and strong minority investor rights)
are associated with improved capital allocation in terms of
increasing investment in growing industries and decreased
investment in declining industries when compared to
‘undeveloped’ financial sectors.® It is also well known

that businesses and financial markets respond to prices
(including energy prices) by increasing firm innovation.”

Rationale for the
traditional principle

In some cases, public investment can crowd out private
investment. For example, the creation of the UK Green
Investment Bank (GIB) and clean technology investments by
the German Development Bank (KfW) played an important
role in mobilising private finance in many technology areas.
By investing in higher-risk assets, these public investments
created market track record and built trust such that
private investment could then follow. However; in other
areas, such as particular types of GIB investments in UK
biomass developers, and investments into some mature
markets by the German KfW, the public investments were
seen to have partially substituted for private investment,

as these public sector-backed organisations had lower
return expectations and therefore offered cheaper capital
than the private investors.”' When public investment is

used for renewable technologies, there is a real risk that
without proper consideration of local circumstances they
could hinder the involvement of private actors, potentially
competing (crowding out) private sector lending or
investment.”2
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‘ Limitations of the
=2 traditional principle

Tackling climate change is likely to rely on many disruptive
technologies whose development and deployment

are often characterised by great uncertainty. In such
circumstances, markets can deal with some technology and
market risks, but are not set up to manage all risks. A recent
review by the OECD, for example, concluded that markets
are not sufficiently pricing-in climate risks, including climate
physical and transition risk.”

One reason why markets are not by themselves fully
able to manage all transition risks in particular is the
scope, complexity and timescales around the transition
— and its unavoidable dependence on policy in multiple
arenas, including politically charged areas of pricing.
Public interventions can in some cases reduce some

of the fundamental uncertainty associated with such a
transformation in the economy in which non-marginal
changes occur: Uncertainty adds a risk premium and raises
the returns expectation on any investment, reducing the
incentives for investment in technologies and businesses
in the early stages of innovation, especially when their
profitability relies on creating new markets.

Evolutionary dynamics dominate in these situations —
meaning that changes in technologies and markets are
constant, non-marginal and interdependent, and resources
cannot be assumed to be optimally allocated. Public
investment is needed to foster the transition, which cannot
be guaranteed to happen otherwise. This is accepted even
under a neoclassical economics framing, given that not all
externalities can be managed or internalised.”* Therefore,
in some sectors relevant for the energy transition, rather
than crowding out private investment, public finance can
create a ‘crowding-in’ effect, in that it will mobilise private
investment” by acting as a lead investor; thereby reducing
the perception of technology, revenue and other risks.
Public finance can, for instance, help reduce the cost of
capital for private firms while maintaining many competitive
pressures on technology performance and cost-reduction.
This is most likely to be the case in circumstances in which
public finance is expected to lead to societal benefits that
are significant and would not otherwise materialise.
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The case for Principle 3

There are some important risks that governments are
uniquely positioned and able to take.These go beyond
(for instance) the well-accepted role of taking on
early-stage discovery risk by financing R&D.

The first is technology risk along the innovation process,
past R&D. This includes the so-called ‘demonstration valley
of death’, a term used to describe the fact that, in some
cases, the technology risk during the early scale-up and
commercialisation of a technology is too high in terms of
costs and/or performance for private investments to take
on the risk by itself.”®

A second risk is related to the non-technology risks
associated with deploying new clean technologies for the
first time without existing markets, regulations, business
models or financing channels. Governments are uniquely
able to take at least part of this risk to begin with because
they hold the power of market design and can shape
markets so that solutions they consider critical to low-
carbon transitions have a greater chance of succeeding.
No private investor can have such confidence.When
governments take on or share early commercialisation
risk (through grants, loan guarantees or innovation
procurement, for instance), and demonstrate that the risk
is lower than previously perceived, their actions can unlock
a significant increase in private investment.

To state the obvious, governments should, of course, not
try to take on all risks in all cases just because they can, for

The most effective policies for incentivising deployment
and investment in renewable energy technologies are those
that address both the risk and return of investments.®

For example, price-based support schemes are positively
correlated with an increase in private investment?' and
public investments through state investment banks “take a
much broader role in catalysing private investments into
low-carbon investments, including enabling financial sector
learning, creating trust for projects and taking a first or early
mover role to help projects gain a track record” ®? although
a crowding-out effect is seen if investment continues as the
market matures. The policy evaluation literature® indicates
that the use of public investment as direct investment

into technologies to create a 'track record’ (e.g, regarding
construction times, technology performance, maintenance
costs, and returns), has been particularly valuable (see case
3 on incentivising renewables investment in Uganda).

Regarding the role of specific policy instruments, feed-in
tariffs have been consistently effective at fostering private
investment by reducing revenue risk in a targeted way.

In contrast, the impact of emissions trading schemes on
renewable deployment has historically been smaller;*
something that can be at least partly attributed to the fact
that future price uncertainty maintains perceived revenue
risks.®> Similarly, in the case of tradeable green certificates
(TGCs, known as Renewable Obligation Certificates, ROCs
in the UK), when certificate prices have been volatile they
have been less effective in promoting innovation,® especially

when measured by cost reductions for more immature

instance, lower finance costs. The question is, then, how to .
technologies.®”#8

design public investments to incentivise the crowding-in of
private funding. Or more generally: what is the appropriate
role of public finance and intervention beyond the well-
accepted notion that, when acting in markets, policy
certainty is key?”7787
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The design of policies to crowd-in private investment for

technologies that have the potential to become cheaper
and help meet energy goals must also take into account
distributional aspects (see Principle 7). For instance,

when introduced in 2002, the UK Renewable Obligation
Certificates (the UK version of TGCs) were shown to
favour large incumbents and existing low-cost technologies
in detriment to small-scale investments in rural areas
involving more innovative solutions.*” Regardless of whether
early deployment support policies take the form of taxes
or subsidies (such as Feed-in-Tariffs, TGCs or Contracts

for Difference), fiscal incentives need to be proactive and
responsive (see Principle 6) to reduce risks in technology
investment, the cost to government and excessive windfall
profits. In other words, it is important to focus on the
dynamic efficiency of policy and public finance™ in providing
transparency as well as risk-mitigation measures.

Given the changing nature of risk along the technology
development process, as technologies are developed,
deployed and mature, different policy instruments may
be needed to support reducing the risk. Taking the US
innovation ecosystem as an example, institutions like the

Advanced Research Projects Agency — Energy (ARPA-E)
can help quickly reduce technology risk in a targeted
manner at early stages of development by awarding and
managing high-risk/high-reward R&D projects in novel
ways.”!' Mission-oriented military R&D, for instance, has
crowded in private R&D.”? Further along in the process, the
Loan Programs Office (LPO) at the US Department

of Energy was created with the mission of serving as a
bridge to bankability for innovative and high-impact energy
technologies, providing them with access to needed loans
and loan guarantees when private lenders cannot or

will not until a given technology has reached full market
acceptance.”

It supported, among other efforts, the production
engineering and assembly for Tesla's Model S. At later stages
of the transition, state banks, different types of public-
private partnerships®**>% such as fund-of-funds or direct
public investment, and other types of public investments
(e.g, other subsidies or tax incentives) can help lower the
cost of capital and crowd-in private investment in areas of
national priority such as the energy transition.
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CASE STUDY 3:

[For a full analysis, see”]

In 2007, the Ugandan government launched its Renewable
Energy Policy, setting a target of reaching a renewables
(including large hydro) power capacity of 1,420 MWV in
2017 — a doubling of total existing capacity, including
thermal and renewables. In the same year, the government
introduced a Feed-in Tariff (FiT) to incentivise investment
from independent power producers (IPPs).

The initial level of the FT (US$0.09/kWh in 2012) was
too low given the risk profile of the country; by 2012

it had attracted some, but limited, interest from |IPPs
(leading to the deployment of only 28 MW in small-scale
hydropower). The scale of investment in the country’s
power infrastructure was considered too small and it was
expected that a business-as-usual scenario would lead to
power supply constraints in 2015-2016.

To attract private-sector investment in renewable
energy in Uganda, the government, the Ugandan
Electricity Regulatory Authority (ERA) and the German
Development Bank (KfW) jointly launched the Global
Energy Transfer (GET) FiT programme in 2013, supported
by a number of other donors. This involved improving
existing regulatory frameworks but, most importantly,
paying for the difference between the maximum price a
utility was able to pay and the price of renewable power,
which was determined through tariffs in the case of
small-hydro.

The small-hydro GET FiT involved paying an additional
US$0.01-2/kWh to project developers over the previous
US$0.09/kWh tariff (around a 20% increase in revenue),
thereby increasing project returns. It also reduced
investment risk by providing developers with standardised
power purchase agreements that were bankable
documents. Between the three rounds (one per year
between 2013 and 2015) 17 projects (14 of them small
hydro) out of 39 applications received the GET FiT.

The analysis of detailed financial data over the years
showed that the internal rate of return required for
investors (IRR) of hydro-power projects went down
significantly over the three rounds of the GET FiT
program, which spanned between 2013 and 2015. While
the IRR required in rounds one and two was around

15%, for round three it went down to 9% (see black
discontinuous line in Figure 5). This indicated that investors
were facing lower investment risks and therefore tolerating
lower returns (Figure 5). This tended to lower the cost

of capital for hydro projects, allowing them to generate
power at lower cost.

It is also noteworthy that many projects that were
awarded GET FiT support in round one had IRRs with
support that were below the IRR of projects that applied
for support but were rejected and constructed anyway
(on the basis that they were already commercially viable).
This suggests that the GET FiT top-up worked by both
increasing returns and lowering risks. As a result of the
reduced investment risks, the programme, over time,
reduced the value of the top-up.

GET FiT was launched with about US$104 million of
development funding from KfW and other donors and

it attracted around US$453 million in private-sector
investment in total for 17 medium-sized renewable
electricity projects totalling 157 MWV, suggesting that its
approach reduced risks and financing costs and attracted
private-sector investment.
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Figure 5. Internal Rate of Return of small hydropower plants in the GET FiT programme with counterfactual Internal Rate of
Return (IRR) based on KfW data. The y-axis represents the project-level Internal Rate of Return in % and each of the bars in the x-axis
represents individual projects awarded the Global Energy Transfer (GET) Feed-in Tariff (GET FiT) in the respective rounds. There were nine
projects in Round | (in 2013) and Round 2 (in 2014) combined and five projects in Round 3 (in 2015). Between 2013 and 2015 the IRR
required for investors went down, indicating that investment risks went down significantly. The counterfactual internal rate of return (IRR) was
calculated using projects that did not get funding, but went ahead with the project even without GET FiT funding. This counterfactual data
exists as firms needed to hand in detailed financial data to apply for KfW funding. In addition, these rejected firms were unlikely to change
their construction design or other factors later in the process, as environmental and other permits were tied to a specific design. Source:™®
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PRINCIPLE 4:

Target tipping points

Traditional principle: Simply price carbon at a level that
internalises the damages of climate change

Summary:WVell-targeted interventions can activate tipping points in technology

competitiveness, consumer preference, investor confidence, or social support for
transitions, where a small input leads to a large change.This can inform the targeting
and level of subsidies and taxes, as well as the stringency of regulations.

Rationale for the
traditional principle
The standard approach to economic policymaking in the
presence of ‘externalities’ — costs or benefits to actors
that are unpriced — is for government to identify and to
act to ensure they face an appropriate price (‘internalising
the externality’).”'® In the case of climate change,
the core externality in this framing is that emissions of
greenhouse gases are not priced by free markets — for
markets to be efficient, governments need to correct this
through taxation or the allocation of ‘emission allowances’
which are then priced through trading.'®' Following this
logic, the level of the carbon price should reflect the
economic damage that is expected to arise from the
emission of each tonne of carbon emitted, also known
as the social cost of carbon, and/or the corresponding
agreed emissions goal. As we note under Principles | and
8, however, this, by itself, will not necessarily minimise the
costs of transition over the long term.

This standard approach also observes that innovation in
new clean technologies will be required to substantially
reduce emissions to avoid carbon costs, and that innovation
spill-overs (the fact that the innovating company does not
get all the benefits of their ideas) imply there is a second
key externality that governments need to tackle.'? This
justifies public investment in research and development.

Carbon pricing in the form of carbon taxes and trading
systems has spread in various parts around the world and,
even with low average prices of US$10/tCO, and coverage
of around just 22% of total emissions,'® have delivered
some useful emissions reductions.'® Some carbon pricing
is better than none, and higher levels are more likely to

be effective than lower levels. Governments have also, on
average, increased public energy R&D investments since
around the decade of the 2000s'%'% and evidence points
to public energy R&D as a useful driver of innovation

outcomes.'”

There are several challenges with this traditional approach
insofar as it is often claimed to be sufficient and/or better
than others. Some we have partly already addressed in
Principles |, 2 and 3. Perhaps the most fundamental is the
assumption of the economy as relatively close to some

Limitations of the
traditional principle

sort of equilibrium that is optimal, rather than as a highly
dynamic, complex adaptive system. A related assumption

is that achieving efficiency (in the form of least-cost
abatement) in the short term should also deliver the
least-cost abatement in the longer term, and indeed that
efficiency (rather than, say, effectiveness or resilience) is the
primary objective. A third assumption is that, where there
are multiple ‘market failures’, it is possible to isolate each

and deal with them individually, with one targeted policy >

99 Pigou,A. C. (1920).The economics of Welfare. McMillan and Co (3rd edition 1928)
100 Coase, R. H. (1960).The Problem of Social Cost. Journal of Law and Economics, 3, I.

101 Baumol,W.]., & Oates,W.E. (1988). The theory of environmental policy. Cambridge University Press.
102 Jaffe, A.B., Newell, R.G., Stavins, R. N. (2005).A tale of two market failures. Ecological Economics 54( 2-3), 164-174
103 World Bank. (2022). State and Trends of Carbon Pricing 2022, openknowledge.worldbank.org/handle/10986/37455.Washington D.C.Accessed on July 2022.

104 Ellerman, use this instead: Skea, J., Shukla, P, & Kilki. (2022). Climate Change 2022: Mitigation of Climate Change.*

* From the IPCC report:“The European Union Emissions Trading Scheme (EU ETS), the longest-standing regional climate policy instrument to date, has reduced emissions,
though the estimates of the amount vary by study, by country, and by sector; ranging from 3 to 28% (McGuinness and Ellerman, 2008; Ellerman et al,, 2010; Abrell et al., 201 |;
Anderson and Di Maria, 201 |; Egenhofer et al., 201 |; Petrick and Wagner, 2014; Arlinghaus, 2015; Martin et al., 2016).The EU ETS avoided emitting about 1.2 GtCO2 between
2008 and 2016 (3.8%), almost half of what EU governments promised to reduce under their Kyoto Protocol commitments (Bayer and Aklin, 2020).”

105 |EA Energy RD&D Database. (2022). Available at: https://www.iea.org/data-and-statistics/data-product/energy-technology-rd-and-d-budget-database-2

106 Anadon, L.D,, Galeazzi, C., Meckling, ]., Shears, E, Xu,T. (2022). Energy innovation funding and institutions in major economies. Nature Energy, accepted.

107 Penasco et al. (2021). Systematic review of the outcomes and trade-offs of ten types of decarbonization policy instruments. Nature Climate Change.
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instrument to correct that,'® though this contrasts with a
long-standing economic ‘theory of the second best’ (see
also Principle 5). In the context of a low-carbon transition,
all these assumptions are questionable.

A further challenge is that social cost of carbon estimates
‘vary widely in the literature’: between US$ 10/tCO,

and US$1000/tCO,, or even infinite if highly uncertain
potentially catastrophic outcomes are not excluded.The
‘challenge of comparability across methodologies’ means
that ‘many estimates are not robust''%?
a wide range of possible values of carbon prices for
policymakers to consider.

and there is still

Practically speaking, there are three additional challenges
to relying purely on the traditional principle. First, carbon
prices coexist with continuing fossil fuel subsidies, the
value of which often outweigh that of the carbon price.'"®
Second, with some exceptions, it has been difficult to
raise them to higher levels (US$50-100/4CQO.)'"" more
consistent with the more-commonly accepted range of
estimates of the social cost of carbon because of political
economy reasons.''? Third, in an uncertain and dynamic
world, it is not necessarily sensible to rely on a very small
set of policy instruments to deliver an important goal,
requiring a portfolio (Principle 5) and adaptive (Principle 6)
approaches.

All these considerations indicate that pricing carbon and
supporting R&D, by themselves, will not deliver the pace
and scale of the transformation required to meet the
goals of the Paris Agreement and are not, by themselves,
necessarily the most cost effective approach

to decarbonisation.

@ Case for Principle 4

Complex adaptive systems can display surprising, chaotic,
path-dependent, and non-linear behaviours — especially
where we consider technology diffusion and transitions in
human practice. In such systems, one approach that can be
useful — within a broader range of approaches to accelerate
transitions — is to seek to identify ‘sensitive intervention
points’ (SIPs)'"? or ‘social tipping points'?, where the
socio-technical system is at or near a state of criticality
and a well-judged ‘kick’ could move it into a different (and
preferable) state. At these points, a small policy input can
lead to a disproportionately large outcome as a resutt of
self-reinforcing feedbacks.

Tipping points can exist in situations where, within a given
sector, competing technologies are close to each other in
cost. In such cases, a carbon price that is just enough to
tip the balance can put one technology on to a growth
path, and the other on to a pathway of decline. Tipping
points of this kind have played a role in the world's fastest
decarbonisation of the power sector (in the UK — see
case study 5), and in the world's fastest transition in road
transport, in Norway.''® In these cases, it was the relative
value of carbon pricing (and of other taxes and subsidies)
that determined its effectiveness in particular sectors, not
the absolute value (which is the focus of social cost of
carbon estimates). Moreover, carbon pricing could only
activate tipping points in these two cases because other
policies — including R&D, investment in clean technologies
and regulatory market reforms — had first done the hard
work of bringing the system towards what one could refer
to as a state of criticality.

In other cases, a particular set of demonstration projects
may help private firms decide where to make their bets,
activating investor confidence tipping points. Another
example may be when a regulation requiring a particular
level of energy-efficiency or carbon intensity makes one
technology more competitive or viable than another — as,
for example, EU vehicle efficiency regulations at first only
led manufacturers to produce more efficient internal
combustion engine cars, but beyond a certain level of
stringency have increasingly driven a shift towards the
production of electric vehicles. This provides a helpful input
to designing different types of policies at a sectoral level.

108 Tinbergen,]. (1952). On the Theory of Economic Policy. North-Holland Pub. Co.,.

109 IPCC,WGIL. (2011). 6th Assessment Report. Cross working group box on ‘Estimating Global Economic Impacts from Climate Change’. Chapter |6.Available at: report.ipcc.ch/

aréwg2/pdf/IPCC_AR6_WGII_FinalDraft_Chapter| 6.pdf;Accessed on July 5,2022.

110 Indicator 4.2.3,2021 Lancet Countdown: www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01787-6/fulltext#seccestitle570

111 Stern, N, Stiglitz, J. (2017). Report of the High-level Commission on Carbon Prices. Carbon Pricing Leadership Coalition.World Bank.Available at: www.carbonpricingleadership.
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Similarly, taking a wider lens, rather than lament that “the
political will is not there” for carbon pricing or other
decarbonisation policies, or that “the public don't like it”,
one might think of public attitudes and preferences as

part of the system — or endogenous''® — that might be
changed by identifying SIPs in the form of shifts in narratives,
beliefs and cultures. Opening up the political space — or

the Overton Window''” — can then facilitate the design

of a wider range of fiscal or regulatory interventions,
including but not limited to carbon pricing. Multiple

other interventions — delivering changes to central bank
policies, corporate legal duties, shifts in financial norms and
disclosures, shareholder expectations, consumer behaviours,
clean technology costs and skills training — all help to

rewire and reconfigure our economies towards meeting
the goals of the Paris Agreement, and identifying possible
tipping points can help both design policy instruments and
prioritise policy action.

For many conventional policy questions, it can be very
sensible to identify the externality and for government

to use a single, well-specified instrument to internalise

it. However, to deeply and rapidly rewire our complex
adaptive economic systems to meet the goals of the Paris
Agreement, we need to go (and indeed have gone) well
beyond carbon prices and R&D support.

In summary, with a detailed understanding of the important
elements of the system or sector that we are trying to
change, in some cases we may be able to identify possible
tipping points in consumer preference, investor confidence,
or social support for the transition, where a small input can
lead to a large change in the desired direction.We can use
that knowledge to help design the specific levels of taxes,
regulations and/or incentives to cost-effectively accelerate
the transition in each of the different greenhouse
gas-emitting sectors.

116 Hepburn, C., Mattauch, L., Spuler, F, Stern, N. (2022). The economics of climate change with endogenous preferences. Resource and Energy Economics, 101312.
117 The Lancet. (2021). Moving the Overton Window. Lancet Planetary Health 5 (1 1), E751. https://www.thelancet.com/journals/lanplh/article/Pl1S2542-5196(21)00293-X/fulltext
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CASE STUDY 4:

The UK, once described as an ‘island of coal in a sea of oil
and gas, has undergone a remarkable transformation in

its power sector, phasing out coal and more than halving
CO, emissions — most of this achieved in just a few short
years (Figure 6). The seeds of this lay in policies which had
opened the electricity sector to competition in the 1990s,
while also ratcheting up pollution controls on coal, directly
supporting development of renewable energy (along with
other countries) through subsidies, and programmes to
enhance energy efficiency, through the following decade.
Nevertheless, as of 2010, progress in phasing out coal and
cutting CO, emissions remained limited. The dramatic
changes that followed can be traced directly to policy that
triggered a deeper transformation.

The two main policies involved were transformation
of the approach to renewables, and a floor price on
CO, emissions.

The context for the UK renewable energy revolution was
laid by recognition of the need for technology differentiation
beyond flat rate subsidies (Principle 1): in the 2000s in

the UK these included FiTs for small-scale generation,

and a move to accelerate offshore wind technology in
particular through coordinated industrial support and
‘banding’ the renewables obligation subsidy to enhance
investment (Principle 2). Together with the responsiveness
of established fossil-fuel generation to price signals, this
established the technological capacity, as well as political
conditions, to trigger a ‘tipping point’ through Electricity
Market Reform (combined with other developments to
expand small-scale renewables, notably PV).

Specifically, the phase of learning in offshore wind
energy meant that the major deterrent was no longer
technological uncertainty, but the scale of investment
required in the context of high uncertainty around
revenues and the scale of the market. The solution to
this was better management of market risks (Principle 3)
— in the UK case, through introduction of Contracts-for-
Difference, offering effectively a fixed price for generated

electricity, with a mechanism for (and initial commitment
to) extensive deployment. This led to the combination
of major cost reductions along with rapid expansion of
renewables output, visible in Figure 6.

The tipping point was reached with the second
mechanism, a strategically effective carbon price. This
was initially designed as a floor price, to reflect the
government’s estimation of the (rising) social cost of
carbon emissions, though as the differential from the EU
Emissions Trading Scheme (ETS) price grew, this was
turned into a legislated ‘carbon price support’ - a fixed
carbon tax on electricity generated (on top of the EU
ETS), which rose from £9/tCO, (April 2013) to £18/tCO,
(April 2015). For investors in renewables energy, this gave
assurance of the value of renewables beyond the contract
length of the CfDs, thus further reducing the cost of
capital — all factors contributing to high-volume and low-
cost private-sector financing.'®

But the impact of the carbon price support was even
more dramatic in pushing out coal. Beginning in late 2015,
the combined effect of this carbon tax and the EU ETS
carbon price made power from gas cheaper than power
from coal. This small change in relative pricing had a large
effect: it switched the places of coal and gas in the merit
order, meaning that gas would be called on to generate
first, and coal plants would generate for far fewer hours.
The economics of coal power then flipped from being just
profitable, to loss-making. Finally, the combination of rising
renewables input and declining electricity demand meant
that the fleet of coal plants were no longer needed to
’keep the lights on". In the context of the prevailing trends
in the UK power sector at that time — the growth of
renewables, the tighter restrictions on pollution from coal
and the clear policy commitment to decarbonisation — this
created a strong incentive to close down coal plants, which
was the major, irreversible tipping point towards a much
lower-carbon trajectory.!”

118 Bolton, R,, Foxon,T.J., Hall S. (2017). Investing in low-carbon transitions: energy finance as an adaptive market. Climate Policy. 17(3), 280-298.

119 Lenton,T, Sharpe, S. (2021). Upward-scaling tipping cascades to meet climate goals: plausible grounds for hope. Climate Policy, 21(4), 421-433.



One point to note about this example is that the carbon Estimates suggest that, as a consequence of using ‘cleaner
price that ultimately activated the tipping point was not but more expensive energy’ and in the absence of

very high — many estimates of the social cost of carbon ‘compensating adjustments through increased imports’,
are higher. It was the relative value that mattered, not the  the carbon price floor raised the day-ahead price in Great
absolute value. A second important point is that, as noted  Britain between 2015-2018 by around €10/MWh."!
previously, the carbon price was only able to play this role ~ However, while it is always important to consider the

because other policies had first brought the system to a distributional aspects of policies (see Principle 7), it is
state of criticality: enhanced efficiency combined with the notable that the effect on UK consumer energy bills of the
growth of renewables left coal and gas power to compete  carbon price and renewable power subsidies was more
over a diminishing share. than offset by energy-efficiency improvements over the

period 2008 to 2016, meaning that the climate change
policies overall were assessed to save consumers money.'?
More recently, of course, the substantial investment

in renewables in the 2010s have also begun to pay off
handsomely, with continued decline in renewables costs
now far below the sharply increased cost of fossil fuels in
the energy crisis.

As a result of these policies, the share of coal in the
UK's electricity generation dropped from around 40% in
2012 to less than 1% in 2020 (see Figure 6). This made

a significant contribution to the UK achieving the fastest
power sector decarbonisation in the world over the
period 2010 to 2019, with an annual rate of reduction in
carbon intensity around eight times the global average.'?
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Figure 6. Composition of generation in the UK power sector between 1996 and 202 . Data from:'* April 2013 marked the introduction of
the carbon price floor.

120 The carbon intensity of the UK power sector decreased by 8.9% per year between 2010 and 2019 (Drax, 2020., Electric insights quarterly, July-Sep 2020, Available at: www.drax.
com/wp-content/uploads/2020/11/201 126_Drax_20Q3_005.pdf), while the global average power sector carbon intensity fell by |.1% per year over the same period (International
Energy Agency:Tracking Power 2021, Available at: www.iea.org/reports/tracking-power-2021).
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122 Committee on Climate Change (2017). Energy Prices and Bills — Impacts of Meeting Carbon Budgets. Available at: www.theccc.org.uk/wp-content/uploads/2017/03/Energy-Prices-
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123 Data from Digest of United Kingdom Energy Statistics (DUKES), UK Department for Business, Energy & Industrial Strategy. Available at: www.gov.uk/government/collections/
digest-of-uk-energy-statistics-dukes. Accessed on 28 July, 2022.
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PRINCIPLE 5:

Combine policies for better outcomes =

Traditional principle: Consider policies individually based

upon distinct ‘market failures’

O

Summary: A combination of policies will be needed to drive each low-carbon transition.

Since the effect of each policy depends on its interactions with others, assessing policies
individually can be misleading. Assessing policies as a package can identify those that are

mutually reinforcing, generating outcomes ‘greater than the sum of the parts’.

Rationale for the
traditional principle

The classical economic policy prescription is that each policy
measure — ‘intervention’ relative to a market — should be
identified in relation to a specific policy goal or market
failure, and hence in principle, is separable from others.'*
The theoretical justification for this is that in a largely static
context of ‘'optimal resource allocation’, traditionally with
reference to price-based market equilibrium, the focus is
upon individual market failures which justify corresponding
‘correction’. Hence, for example, an economics literature on
‘twin market failures' of innovation ‘spillovers’' and the climate
externality, justifying public R&D and carbon/GHG pricing.

In practice, most policymakers are well aware that
complex problems such as low-carbon transitions need to
be addressed with the application of more than one policy.
Nevertheless, policies are often considered individually
when their costs and benefits are assessed, and there can
be a tendency to rank individual policies in terms of their
expected net present value, or projected tons per dollar
of emissions saved, when deciding how to use a limited
budget. Such practices implicitly assume that the effects
of individual policies can meaningfully be separated from
each other.

Limitations of the
traditional principle

A key limitation is that there can be many overlapping
‘market failures’, distortions and interacting policy goals.
Most economies have a complex web of interacting policies
around market structures, regulation and tax policies.

The classic theory of 'second best’ demonstrated that, in the
presence of multiple distortions (compared to a theoretical
optimum), there is no guarantee that a policy to address
one market failure will necessarily lead to an economic
improvement. Classical economics itself thus challenges

the theoretical underpinnings for the traditional policy
presumption, and suggests a need to pragmatically consider
policy interactions.'?

In the area of climate change, most countries are at least

as interested in economic development and increased
opportunity as in decarbonisation, if not more so. Interests
can include the development of urban or transport
infrastructure, air quality and public health, job creation

and industrial competitiveness, energy security and food
security, and the affordability of essential goods and services.
This makes consideration of how decarbonisation policies
interact with wider policies and priorities essential, and
unavoidable.'?

Also, the ‘system transitions' required by decarbonisation
are complex, involving necessary changes in technology,
market structures, infrastructure, etc. It is not generally
feasible for a single policy to achieve all of these things, and
when muttiple policies are in place, interactions between
them are inevitable. The failure to sufficiently consider policy
interactions in practice can be damaging, as illustrated by
the experience of setting emissions caps for the EU ETS,
which did not account for the impact of energy efficiency
or renewable energy policies to the necessary extent,
contributing to carbon price collapses.'?

124 Tinbergen, J. (1952). On the theory of economic policy. North-Holland.

125 Lancaster, K, Lipsey, R. G. (1956).The General Theory of Second Best. The Review of Economic Studies, vol. 24, no. ., | [-32. JSTOR, doi.org/10.2307/2296233; Lipsey, R. G. (2007).
Reflections on the general theory of second best at its golden jubilee. Int Tax Public Finance |4, 349-364. doi.org/10.1007/s10797-007-9036-x

126 See for example analysis in the IPCC Mitigation Report (2022). Particularly relating to ‘shifting development pathways towards sustainability’ (Chapter 4) and the role of
governance and enabling conditions (Chapter |3) as well as the literature on innovation systems (Chapter 16).

127 Jevnaker, T, Wettestad, J. (2016). Rescuing EU Emissions Trading:The Climate Policy Flagship. Palgrave Macmillan.
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The case for Principle 5

When the focus shifts to a dynamic perspective and
longer-term goals, and particularly the major transitions
implied by meeting the goals of the Paris Agreement, the
need to assess packages of policies becomes inescapable.

A growing literature provides muttiple lines of both theory
and empirics to the fact that transitions — in particular, giving
direction to processes of transition, such as decarbonisation
— necessarily involve a mix of different policy instruments.'?®
One useful high-level categorisation identifies three
complementary ‘pillars of policy''?*!3:

B Strategic investment across a broad spectrum of
interrelated technologies and infrastructure, designed to
shape evolution of technologies, economic structures
and regulatory regimes in low-carbon directions.

B Markets and pricing to ensure that the structure
of markets and taxation does not, at a minimum, impede
emergent low-carbon technologies, including removal of
fossil fuel subsidies and the use of carbon pricing to align
as far as possible private-sector decision-making with
established public decarbonisation goals (or equivalent
estimation of the social cost of GHG emissions).

B Standards and engagement to help overcome
numerous barriers to consumer adoption of new and
better technologies. Such ‘barriers’ are both structural
(e.g. tenant/landlord divide and other ‘contractual
failures’), and social/behavioural norms.The aim is to
accelerate diffusion and foster confidence and new
norms around cleaner technologies and practices
emerging from the other two pillars.

The need for policy mixes is already well-established in
innovation studies, and research now highlights the need
to integrate this with similar growing trend in distinct
literatures on policy studies.''

The role of complementary policy packages has been
documented across multiple sectors, including energy,'*
industry,'® transport'** and agri-food.'*® Orienting
transitions also requires clear direction, with shared visions,
and coordination of actors across different policy fields
(such as climate and industrial policy), as well as governance
|eVe|S.‘36“37

These literatures point to muttiple reasons why policy
mixes are required to foster dynamic transitions in
particular directions. One way of explaining and categorising
the different instruments for low-carbon transitions is

the ‘Three Domains’ or ‘Policy Pillars’, which emphasises

the complementarity across policies shaping trade-offs
using markets and relative prices; policies which address
behaviours and choices;'*8!3%!"0 and policies to shape

the evolution of the technology frontier in low-carbon
directions'". These ‘three pillars’ (see Figure 7) rest on such
a broadened economic framework to bring insights from
behavioural and evolutionary economics along with classical
‘equilibrium/resource allocation’.

In detail, there can be multiple instruments within each
category — that is, different mechanisms and applications
of strategic investment, from R&D to technology-specific
demand-pull, as well as policies to enhance consumer
engagement and accelerate adoption.When used together,
policies in these categories can be mutually reinforcing.

128 Reichardt, K., Rogge, K. S. (2016). Policy mixes for sustainability transitions:An extended concept and framework for analysis. Research Policy. Elsevier B.V., 45(8), 1620-1635. doi:
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For example, carbon pricing can shift incentives away from
carbon-intensive investments and enhance the case to
pursue transitions to cleaner alternatives. Combined with
strategic investment and market-creation policies, this can
increase the overall ‘demand-pull’ for clean technology
innovation while R&D also amplifies the ‘supply-push’. The

resulting innovation is faster than it would be with either

policy alone. Similarly, regulatory standards can increase
the supply of clean technologies to the market, at the
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same time as ‘'nudge’ or other behaviour-oriented policies
increase demand; together, they accelerate diffusion more
than either policy would alone, enhancing the prospect and
pace of reaching a tipping point (Principle 4). Additionally,
investments in enabling infrastructure can remove obstacles
to both supply and demand.

Figure 7 summarises some high-level supportive
interactions between these three broad ‘pillars of policy’.

B Highest relevance
B Medium relevance

B Lowest relevance

‘Smarter’
individual and
corporate
choices

Switch to
cleaner
products and
processes

Create cleaner
technology and
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Figure 7. Complementary types of policies can work synergistically to advance change and innovation in different sectors. This schematic
highlights the need to make progress through different types of policies, particularly given the timescales of innovation and urgency of climate
change. A policy package should combine the strengths of policy instruments that are effective in each domain of decision-making. The
diagonal elements show the direct impact of policies in influencing individual and corporate choices, incentivising consumers and companies
to switch to cleaner products and processes; and fostering the development of new technologies and complementary infrastructure. Other
elements in the matrix indicate important indirect ways in which policies targeted primarily at one decision-making domain may support

others. Source'*?
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In this context, it makes little sense to attempt to consider
the effect of each policy individually. The effect of a policy

is determined by the package of policies of which it is

a part. Moreover, policy packages can better tap into
different sources of finance, again supporting the growth of
low-carbon industries. This growth drives knowledge and
confidence, reducing the perceived risks and, in turn, the
cost of finance.'*'* Calculating the ‘net present value’ of
each policy individually as a means of prioritisation may miss
the point and can be misleading. Instead, the effectiveness of
policy packages (sometimes referred to as policy mixes'*)
should be considered and compared, with interactions
between policies explicitly assessed.

The relative importance and balance of these different
types of policy instruments vary according to type of
technology, as well as the national and sectoral context.

The relative importance of different types of instrument
may also vary with the phase of the transition process, as
outlined further in our first report,' The New Economics

of Innovation and Systems Transition’. The underlying point
remains that, not only are all instrument types may be
required to effectively drive a major transition, but also that
they can be mutually reinforcing.

Finally, packages of specific policy instruments that can be
classified and interrelated in this way need to combine
climate, economic and development goals, and should be
set in the context of broader ‘enabling conditions’, which
the IPCC 2022'* identifies as including governance and
institutions, as well as financial capacity (e.g., sufficient capital
markets or international financial support) — along with the
availability of, and capacity to utilise, emergent technologies
required for low-carbon transitions.'*
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144 Geels, EWV, Schot, J. (2008). Strategic niche management and sustainable innovation journeys: theory, findings, research agenda, and policy. 20(5), 537-554. doi:

10.1080/0953732080229265 1.
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146 IPCC. (2022). Intergovernmental Panel on Climate Change 6th Assessment Report,Working Group lll on Mitigating Climate Change. Chapter 4.

147 IPCC. (2022). Intergovernmental Panel on Climate Change 6th Assessment Report,Working Group lIl on Mitigating Climate Change. Chapters 4 and 13.
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CASE STUDY 5:

In 2006, China named new energy vehicles (NEVs, including
electric vehicles and highly efficient hybrid petrol vehicles)
as one of the priorities in its National Long-term Plan on
Science and Technology Development'* for the country’s
vehicle manufacturing industry, with a view to China’s
dependence on imported petroleum and problems of
urban air pollution. The report noted gaps in technological
capability on internal combustion engine vehicles (ICEVs)
between China and developed countries, and electric
vehicles (EV) were seen as an opportunity for the country
to lead in a new industry.

To achieve this goal, the government implemented a
strong package of mutually reinforcing policies, starting
with the 2006 plan, which included strategic investment,
efforts on markets and prices and actions on standards
and engagement seeking to change behaviour. In 2009,
the “10 City’ and ‘1000 EVs’ programmes represented the
beginning of the promotion of EVs in the public transport
system through strategic investment.

The next phase of policies aimed to scale-up demand.

In 2010, the government issued the first subsidy policy

for private EVs. This effort was followed in 2011 by

some provinces, which issued their own subsidies. As

EV sales expanded it became important to also scale up
complementary infrastructure, so in 2012 the EV purchase
subsidy was expanded to include support for charging
stations. In 2013, with additional subsidy from sub-national
jurisdictions, the highest purchasing subsidy reached
CNY120,000 (around US$18,500) per car.'* As electric
vehicle costs decreased, the subsidy was reduced at a
national level. In 2015, the Chinese government announced
plans to cut subsidies by 20% in 2017-2018, and by 40% in
2019, compared to the 2016 level. In 2020, the government
announced further plans to cut subsidies by 10%, 20% and
30% year-over-year in 2020 to 2022."° By 2021, 15.5% of
new light-duty vehicles sold were NEVs, and full phase-out
was announced, on a schedule under negotiation.

Together with these economic incentives to increase
demand for EVs, several major cities including Beijing and
Shanghai fast-tracked registration numbers for new EVs
(overall numbers being limited). These policies, which
introduced a License Plate Lottery policy that favours
EVs over ICEVs,™ sent a strong behavioural signal on
preference for EVs and risks around fossil-fuelled cars
(the standards and engagement pillar). Other cities
provide free licence plates to new consumers of EVs

and Fuel Cell vehicles.

Another set of policies simultaneously acted to increase
the supply of electric vehicles. In 2011, the government
established the Corporate Average Fuel Consumption
(CAFC) scheme, which sets fleet average fuel consumption
targets.”? Linked to this, in April 2018 the government
created a dual-credit policy, which assigns credits for the
production of NEVs. Manufacturers can meet the targets
through a combination of ensuring high energy efficiency
in their conventional cars, and ensuring EVs are a high
proportion of their sales. This policy has been increasingly
important in boosting the NEV market, after subsidies for
NEVs were reduced.’ This dual-credit policy is expected
to be crucial in meeting China’s target of 20% NEV sales
by 2025."5

At the same time as supporting both supply and demand
for EVs, China has invested in the enabling infrastructure.
Many cities throughout the country have offered capital
and operational subsidies for EV charging infrastructure
and China has the largest charging network in the world,
with more than 1.1 million public charging points across
the country in 2021, compared to 141,200 in 2016
(see Figure 8). Private chargers, installed along with EV
purchases, have risen from 62,000 in 2016 to 47 million
in 2021.1%¢

148 State Council (2006) National Long-term Plan on Science and Technology Development, State Council, Beijing

149 Beijing Government (2013) Beijing’s New Energy Vehicle Supporting Policies and Subsidy, Beijing Municipal Government, Beijing

150 Ministry of Finance (2020). Notice on optimizing fiscal subsidies for promoting new energy vehicles. /jjs.mof.gov.cn/zhengcefagui/202004/t20200423_3502975.

htm?from=timeline&isappinstalled=0

151 Bai, X,, Zhang, X., Zhong, H. (2018). Electric vehicle adoption in license plate-controlled big cities: Evidence from Beijing. Journal of Cleaner Production, 202, 191-196.

152 |EA. (2021). Fuel economy in China. IEA, Paris. www.iea.org/articles/fuel-economy-in-china

153 Li, H., Li,Y,, Liu, B, Tang,Y., Zhang, Q. (2019).The impact of dual-credit scheme on the development of the new energy vehicle industry. Energy Procedia, 158,4311-4317.

154 He, H., Chen, Z. (2022). How will the dual-credit policy help China boost new energy vehicle growth? Available at: ccci.berkeley.edu/sites/default/files/China_Dual_Credit_

Policy_Brief_Feb2022.pdf (2022/03/31)

155 |EA. (2022). Global EV Outlook 2022. IEA, Paris www.iea.org/reports/global-ev-outlook-2022
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By 2015, China already had the most EV sales of any

country in the world. The effect of this package of policies
working across all three policymaking areas has been a fast

growth of EV sales in China, from just 6,023 in 2010 to
over 3 million in 2021 (see Figure 8). Growth continues
to exceed expectations: forecasts of 2.2 million EV sales

in 2020 were exceeded by more than 50%, aided also by
the ongoing energy crisis and the fact that China does not

subsidise gasoline. The most recent data indicates NEV
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sales of 2.6 million in the first half of 2022 — more than
double the same period in 2021 — accounting for over
20% of total sales of new cars."” According to forecasts
from the China Automotive Technology and Research
Center (CATARC) NEV sales will achieve 40% of the total
new car sales by 2030 and more than 50% by 2035.

Given the data from 2021/2022, these targets may

even be reached sooner.
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speed of the charging points. Data source: Global EV Data Explorer's®
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PRINCIPLE 6:

Policy should be adaptive

Traditional principle: Policy should be optimal

Summary:There are many paths along which economies can develop over time. It is often

impossible in practice to identify which is ‘best’ in terms of public goals, or even ‘least cost’

economically, which implies there may be no single ‘optimal’ policy. Given also the potential

to learn from experience, policy should be designed to be adaptive, so that it can more

easily respond to unforeseen changes, exploit opportunities and manage risks.

Rationale for the
traditional principle
Economic policy analysts are commonly concerned with
maximising economic efficiency, seeking ‘optimal’ policy to
deliver a desired outcome at lowest cost. This is grounded
in welfare economic theory, which suggests it is possible
to identify and engineer a situation in which nobody can
be made better off without someone else being made
worse off. This is then considered an ‘optimal’ allocation
of economic resources. Following this logic, in situations
where market failures lead to a sub-optimal allocation of
resources, policy can (and should) seek to establish a state
of optimal allocation.

The simple theory, aside from making very strong
assumptions about distribution (see Principle 7), is a static
one: it concerns the allocation of existing resources, at a
given point in time. The challenge of a low-carbon transition
is different: it concerns innovation — the creation of new
economic resources and techniques — and structural change
(the transformation of the economy) over time. In this
context, it is hard (if not impossible) to identify the ‘optimal’
choice ex ante — there is an effectively unlimited range

of different pathways that economic development could
take, many of which may be considered better or worse in
relation to multiple possible policy interests.

Limitations of the
traditional principle

Considering this, identifying an ‘optimal’ pathway for an
economy, including its optimal response to climate change,
is theoretically impossible (due to the sheer number of
possibilities) — and in practice, the multiplicity of interactions
and uncertainties surrounding the energy transition makes
choosing a pathway and policy design that is ‘better’ and not
‘worse’ in relation to multiple policy aims, extremely difficult.

In this context, searching for policy ‘optimality” is likely

to be a distraction from a more realistic and thorough
consideration of effectiveness and robustness, including
opportunities and risks, on the basis of available knowledge
and existing uncertainties.

The case for Principle 6

Policies aimed at making the transition to decarbonised
economies must inevitably be implemented in a context of
high uncertainty. Over the next three decades changes of

all kinds are likely to be pervasive. It is inevitable that some
things will not turn out as we expect. In the context of
structural transformation policy, if a policy cannot expect to
be optimal, it can at least aim to be adaptive — preserving
the ability to change, taking advantage of opportunities that
arise from changes in its environment, and reducing the risks
and costs of being overly committed to a particular path too
early on.This suggests that rather than seek optimality, policy
choice should value the generation of flexibility and options
(opportunities) while minimising risks (Principle 9).

Principles -5 outline the foundations of policy design to
stimulate deep transitions. The intrinsic uncertainties of such
dynamic processes — which contrast sharply with the idea of
knowable and stable equilibria and the reference points for
marginal changes — require adaptability. To remain effective
and durable, policy — including both individual instruments
and wider policy mixes (see Principle 5)'* — must be able to
adapt to relevant macroeconomic, demographic, social and
geopolitical trends and developments, along with changing
dynamics in technology, infrastructures, markets, preferences
and politics. This includes being adaptive to dynamics shaped
by policy itself. If not, policy may become ineffective and weak,
or become brittle and break, forcing abrupt changes with
damaging and costly consequences. To borrow the business
terminology, given the impossibility of an enduring optimal,
the aim should be continuous improvement.

159 A ‘policy mix’ incorporates both individual instruments and policy strategy, and the objectives, goals and design features of each, alongside the processes of policymaking and
implementation and the overarching characteristics of the mix as a whole (including consistency, coherence, credibility and comprehensiveness).
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Some effects and feedbacks, and their ability to generate
virtuous or vicious cycles along decarbonisation processes,
can be reasonably well forecast. For example, the
characteristics of different technologies may help indicate
the broad extent to which cost reductions may be
expected, and how fast (see Principle |, and our previous
report, The New Economics of Innovation and Transition,
section 3.5).The effect of any subsidy support over time
can then be approximated, although with wide uncertainty
ranges, including the time window when one may expect
a new technology to become competitive with the
incumbent. However, other outcomes may not be possible
to forecast with confidence. The ways in which inherently
uncertain R&D, learning-by-doing and economies of scale
processes interact with the wider dynamics in the system,
including the effects of ever-changing macroeconomic and
geopolitical conditions (and their effects on, for example,
international energy and other commodity prices), are the
source of considerable uncertainty. Experience tells us that
surprises happen — and happen often.

The concept of adaptive policy has been used since

the 1920s, when American philosopher and educator
John Dewey argued that policies should be treated as
experiments that need to be adapted over time as new
information derived from experience becomes available
and as the context changes'®’. Adaptive policymaking
represents a learning approach'®"'¢*'¢% in which initial plans
are monitored and reassessed as additional information

is acquired. In the context of the low-carbon transition

the application of this principle is critical.'é*!65166.167.168,165,170
Figure 9 shows the different dimensions that should be
considered when designing a policy with the aim of making
it adaptive and the importance of engaging different types
of stakeholders through the process of policy design and
implementation.

160 Dewey, )., Rogers, M. L. (2012).The public and its problems:An essay in political inquiry. Penn State Press.

161 Busch, )., Foxon,T.]., Taylor, P. G. (2018). Designing industrial strategy for a low carbon transformation. Environmental Innovation and Societal Transitions, 29, | 14-125.

162 Haasnoot, M., Kwakkel, J. H., Ter Maat, J., Walker, W. E. (2013). Dynamic adaptive policy pathways: A method for crafting robust decisions for a deeply uncertain world. Global

Environmental Change, 23(2), 485-498.

163 Cave, )., Rahman, S.A.,Walker,W.E. (2001).Adaptive policies, policy analysis, and policy-making. European Journal of Operational Research, 128(2), 282-289.
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165 Campos, I. S, Jeuken,A. B., Lorencova, E. K., Penha-Lopes, G., van der Brugge, R.,Vizinho,A., Zandvoort, M. (2017). Adaptation pathways in planning for uncertain climate change:
Applications in Portugal, the Czech Republic and the Netherlands. Environmental Science & Policy, 78, 18-26.
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111350.
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Figure 9. Schematic framework for the development and implementation of adaptive policies to function more effectively in complex,

dynamic and uncertain conditions.'”' The top row indicates the importance of engaging in different types of stakeholders and experts during
the policy design, implementation and evaluation process. Source: own elaboration based on'72!73174

To be adaptable, policies for the low-carbon transition
need to be able to change when markets change and as
more information becomes available.'”® This flexibility can
be created at the policy programme level (for example,
by putting in place clear dynamic targets for what the
programme is aiming to achieve at different points in
time and managing expectations about the changes

that may be considered based on outcomes and other
developments), or at the policy instrument level (for
example by incorporating pre-defined review periods, or
automatic adjustments in stringency or subsidy levels in
response to evolution in technology characteristics). Such
built-in flexibility mechanisms can allow for adjustment,
replacement or cancellation of policy elements, retaining
space for anything from minor policy design alterations to
changes in strategic direction, if required, in an ordered and
reasonably predictable way. Such alterations may be made
automatically using pre-determined criteria, or through

active choice by decision-makers.'”®

To be effective, flexibility mechanisms must be underpinned
by robust systems for monitoring and reporting on key
indicators, in turn supported by sufficient institutional
apparatus and capacity (see the last column on Figure 9

on Evaluation and Monitoring). Monitoring and evaluation
needs to be an intrinsic part of policy design from the
start.!”” By providing clear and common information on the
effects of the policy and context in which it is operating, the
nature of policy feedbacks may themselves be influenced.
To maintain trust, an independent agency may be most
appropriately positioned to perform a monitoring role,

and provide advice on policy adjustments.This approach

is considered to have been generally successful with
independent central banks in the realm of monetary

policy, and similarly in the realm of climate policy with,

for example, the UK's Climate Change Committee.

17

939.

Bhadwal, S., Barg, S., Drexhage, ]., Swanson, D., Tomar, S., Tyler, S.,Venema, H. (2010). Seven tools for creating adaptive policies. Technological Forecasting and Social Change, 77(6), 924-

172 Bhadwal, S., Swanson, D. (Eds.). (2009). Creating adaptive policies: A guide for policymaking in an uncertain world. IDRC.

173 Haasnoot, M., Kwakkel, J. H., Ter Maat, J., Walker, W. E. (2013). Dynamic adaptive policy pathways: A method for crafting robust decisions for a deeply uncertain world. Global

Environmental Change, 23(2), 485-498.

174 Cave, )., Rahman, S.A.,Walker,W. E. (2001). Adaptive policies, policy analysis, and policy-making. European Journal of Operational Research, 128(2), 282-289.

175 Konidari, P, Mavrakis, D. (2007). A multi-criteria evaluation method for climate change mitigation policy instruments. Energy Policy, 35(12), 6235-6257.

176 Konidari, P, Mavrakis, D. (2007). A multi-criteria evaluation method for climate change mitigation policy instruments. Energy Policy, 35(12), 6235-6257.
177 Anadon, L.D,, Bin-Nun,A,, Chan, G, Goldstein,A. P, Narayanamurti,V. (2017). Six principles for energy innovation. Nature (2017) 552: 25-27. Doi:10.1038/d41586-017-07761-0.

39 1


https://www.nature.com/articles/d41586-017-07761-0.epdf?author_access_token=a-gSrRej1GHhLoIQ8lqwpdRgN0jAjWel9jnR3ZoTv0Ocr-hDa11TuHBjO-HknE7rCBLpt982NfXZmvGJk-uzg4EcLe3dLm2oDDp5nbBxUU_UvzO9Kwvu5jpjZJ7JskcJU8mvlxvSZkPo2O1tYqFHrQ%3D%3D

40

CASE STUDY 6:

Brazil is much sunnier than Europe, yet solar energy
represented only 1.7% of the country’s power supply in
202178, This is much lower than in countries like Germany
(9%), France (3%) and Spain (6%) which have heavily
invested in the deployment of solar PV generation. This
disparity has been partly due to a somewhat late adoption
of policy instruments in Brazil.

The country’s first large photovoltaic plant was installed
only in 2011, in Taua, Ceara. However, since then, the
number of photovoltaic systems installed in the Brazilian
territory has been growing rapidly (Figures 10 and 11)
thanks to policy changes that have been instrumental in
driving solar deployment and cost reductions.

The expansion gained force after a change in the
Brazilian regulation, in 2012, allowing small suppliers to
access the country’s power grid at zero or low costs.®
While the initial regulation in 20128 was a policy

change, the adjustments that followed in the next few
years, including the introduction of a new regulation in
2015,"® represented a planned adaptation of that policy.
Importantly, in 2015, the regulation was adapted to extend
compensation deadlines for distributed systems using

net metering — i.e., the surplus of energy produced by

the consumer is introduced into the network and they

can use that surplus as a reward in the form of energy
credits for up to 60 months — and also increase the limits
of the installed capacity that was eligible, among other
modifications.'® These changes were possible due to
flexibilities in the law that allowed experience from the
ground regarding the demand from different users to be
incorporated.

Centralised power generation gained force in 2014 when
solar power plants were included in public auctions (with
demand guarantees) at favourable prices for producers.'®
Auctions were established as a policy instrument in 2004
during a restructuring of the regulatory framework for
electricity designed as a response to a power shortage
experienced by the country between 2001 and 2002.8
During this regulatory framework restructuring, the
system was designed to hold both technology neutral

energy tenders and reserves, and technology-specific
auctions. This flexibility of design allowed policymakers to
reallocate support between different technologies without
having to pass new legislation or undertake new market
reforms. Over time, they were able to respond to the
rapid global progress in solar but relatively low deployment
in Brazil by increasingly including solar (as well as wind)

in the technology-specific ‘reserve’ auctions. Coinciding
with the change in regulation mentioned above, solar-only
auctions also started in 2015. Figures 10 and 11 show
particularly fast deployment and cost reductions after
2015. The progress made in terms of cost reductions, the
development of business models and growing consumer
confidence resulted in additional developments in 2017,
when a growing number of households and firms started
investing in solar power to both reduce their electric bills
and sell their surplus output to the public grid, giving a
boost to solar PV energy in the country.

Beyond adapting timeframes and eligibility for
compensation and creating technology-specific auctions,
another feature of the adaptive policy design was that
auction volumes in Brazil, except for reserve auctions, are
tied to demand forecasts.' In other words, if forecast
demand increases, so does the volume of clean power
contracts to be auctioned. This enables policy to be
constantly adjusted to more closely match the pace of
market growth, instead of allowing disparities to develop
that require larger corrections. Further opportunities

to make the policy more adaptive have, however, been
identified. For example, the lack of predictability in the
auction calendar is a feature that is usually cited as a
barrier for greater investment.'®’

Overall, Brazilian efforts in the adaptive design of solar
PV policy created incentives for adoption of clean and
sustainable technologies following a slow start. As shown
in Figure 10, between 2017 and 2022 the country has
experienced an exponential increase in the installed
capacity of solar technologies and, for 2022, expects

to add 3.7 GW of solar PV generation already under
construction plus an additional 28.6 GWV that has already
been authorised.'"
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PRINCIPLE 7:

Put distributional issues at the centre

Traditional principle: Act as long as total benefits
outweigh the costs

Il -~

Summary: Low-carbon transitions inevitably involve transfers of economic resources.

Distributional issues should be central to policy analysis, since they are important for

environmental, economic, and social goals, and are likely to have a strong bearing on social

support for the transition.

Rationale for the
traditional principle

Much economic analysis looks at aggregate efficiency
outcomes. Cost-Benefit Analysis (CBA), is generally
concerned with aggregate costs and benefits (and not
how they are distributed), and governments using CBA are
guided by the general principle of acting if the benefits of a
policy exceed the costs, all measured in monetary terms,'*?
although decisions usually take into account wider strategic
considerations as well. In practice, CBA is rarely applied in
accordance with the full theory of welfare maximisation
(see'”, Box 2,"Fundamentals of Cost-Benefit Appraisal”)

— but instead benefits and costs are typically calculated as
aggregate monetary values and decisions seek to maximise
GDP (or minimise aggregate costs).

This is due to the practical difficulty of defining an
appropriate social welfare function,'* and justified by
reference to the idea that ‘increasing the size of the
economic pie’ can benefit all: if pressed, this rests on the
idea that ‘Pareto efficiency’ (e.g, improving welfare of
someone without reducing any others) could be achieved
if the ‘winners' from a policy use some of their gains to
compensate the ‘losers’. Alternatively, some analysts argue
addressing inequality through redistributive policies would
come at the expense of growth.!” The assumption of
‘compensation’, to reconcile aggregate measures with the
idea of Pareto improvements and distributional concerns,
can more loosely be interpreted as the idea that policy

towards markets (and decarbonisation) can reasonably
focus on maximising GDP (or minimising aggregate costs),
while governments should deal with distributional concerns
using mechanisms including direct government expenditure
(e.g., on public services) and through the structure of
taxation.

Although limitations of CBA are widely recognised (e.g.
concerning uncertainty, Principle 6, and Principle 9)'%, it has
traditionally been seen by economic analysts as an objective
tool that can provide safeguards against decisions based on
political pressures, aspirations, feelings or power."” It can

be useful for imposing a structure on decision-making, in
place of what could otherwise be arbitrary, unstructured or
overly politicised choices. The rigour of CBA is considered
to be one of the strengths of the methodology for the
appraisal of public projects and investments.'”®

Limitations of the

= traditional principle
As noted, the argument that economic analysis should focus
on aggregate benefits implicitly assumes that benefits will be
distributed fairly or equitably — something that cannot be
assumed. Moreover, in our previous report, we argued that
CBA can bias decisions towards the status quo. In addition,
empirical evidence indicates that high levels of inequality
can impede or constrain growth.'”” There are also questions

in many jurisdictions regarding the extent to which policies
are successful at dealing with distributional concerns.®®
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A particular concern in traditional policy appraisal is thus
that the distributional consequences of a policy, including
its perceived fairness, the allocation of resulting cost

and benefits, and other welfare effects are not captured
adequately®® Consideration of who ‘gains’ or ‘loses’

202 in this process of aggregation. While
these may be considered ‘political’ issues to be subsumed

in general government distributional policy around regional
funding and progressive (or regressive) taxation, the reality
is that many specific energy-transition policies will have
distributional consequences. This makes it logically essential
for governments and policymakers to consider distributional
issues explicitly.

becomes less visible

A growing literature recognises that the tools used by
governments to decide policy pathways for the low-carbon
transition may not adequately signal or consider the
distributional and welfare impacts of policy implementation
in different groups. For example, some may neglect adverse
impacts on poorer households*® and, while some appraisal
processes do include carefully chosen weights for different
income groups, these may not always be capable of fully
balancing both distributional and welfare impacts together.

Understanding if a specific policy instrument design, or a
policy mix, is likely to generate — or aggravate — negative
distributional impacts (even if aggregate benefits outweigh
the costs) is likely to be essential for decarbonisation
efforts going forward.?* If policies are perceived as

having unfair impacts (for example, leading to job losses

in particular communities such as coal-based economies
and regions), they may struggle to secure public support.
This could slow down the transition, which current science
suggests we cannot afford.”® When negative distributional
impacts are expected, addressing or reducing them is a
crucial dimension of decarbonisation policy. Indeed, new
approaches to CBA increasingly include some consideration

of the incidence of costs and benefits.2%®

ER

The case for Principle 7

The distributional impacts of decarbonisation policies need to
be at the centre of any policy decision-making. A successful
and just transition to net-zero carbon economies involves the
distribution of costs and benefits in a fair way.?’

Avoiding some negative distributional consequences

is difficult because low-carbon transitions necessarily
involve large-scale economic change. Unavoidably, there
will be transfers of economic resources — across sectors,
across technologies and producers within sectors, across
geographical regions and across social groups.?®® We will be
able to anticipate some of these changes, but not others.

In Principle | we argued that, since no policy can be truly
‘technology neutral’, in some cases it is better to choose
deliberately rather than accidentally. Here we argue that,
since any set of low-carbon transition policies will have
distributional consequences, it is better to be clear about
what these are likely to be, so they can be appropriately
considered and, if necessary, addressed. In addition,
experience suggests that not sufficiently considering the
distributional impacts of particular policies can inflame
public opposition (see case study 7 on carbon fuel taxes and
the ‘Gilets Jaunes’ in France), leading to retreat and maybe
jeopardising other decarbonisation polices in the future.

A growing number of studies have found instances of
negative short or medium-term distributional impacts of
various decarbonisation policies?® In many cases, these
costs have been paid by energy consumers.2'92''212This has
been particularly true for those policy instruments used to
support the deployment of renewable energy — e.g, feed-in
tariffs, Renewable Portfolio Standards (RPS), Tradable Green
Certificates (TGC) and/or energy tenders.
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While these have often accelerated innovation, they have
also often added to energy prices for consumers (at least in
the short term) which, in turn, put a relatively higher burden
on poorer households as opposed to richer ones?'® — in
economic terms, increases in energy prices are generally
regressive 24215216

Negative distributional effects are also well documented

at the firm level, and they often depend on the size of

the firms. Independent renewable energy developers, for
instance, have in some cases been at a disadvantage when
compared to large companies.2'”?'82!° These negative effects
have also been widely documented for particular designs of
carbon taxes in that, without recycling and/or compensatory
mechanisms, carbon taxes have disproportionately impacted

poorer households?® and households in rural areas.??!

Some such issues and trade-offs can be managed

by careful policy design.?2? For example, renewable
energy support policies can be designed to be stable,
predictable, dynamic and adjustable over time and, in
coordination with complementary policies, can prevent

the generation of windfall profits for producers and limit
the potential for negative distributional impacts on energy
consumers 223224255226 Carbon taxes can be accompanied by
recycling mechanisms — such as lump-sum redistribution or
by shifting the tax burden through a deeper environmental
tax reform that recycles environmental taxes through a
reduction in payroll taxes — to give rise to a double (even
triple) dividend; namely they simultaneously contribute
positively to environmental objectives and social equity22"228

Policy also needs to address fundamental potential tensions
around the costs associated with innovation-related
investments both within and across countries. These
investments generally involve greater costs in the short term,
but can yield benefits in the longer term and are essential to
tackling the great inequities that arise from climate impacts
and that are at the core of differences between high-income
countries and low and middle-income countries. Practical and
financial support with the adoption of new technologies will
be needed to foster a faster and more just transition (see
Principle 8).2#
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CASE STUDY 7:

A well-known example of a carbon pricing instrument
that lacked a thorough consideration of distributional
impacts was the tax on road transport that the French
government imposed in 2018, which it said was intended
to reduce greenhouse gas (GHG) emissions in the

sector. As part of its commitments after COP21 in Paris,
environmental taxation, and in particular energy taxation
for products for transport purposes, rose as one of the
main instruments in the French strategy towards a low-
carbon transition and the reduction of GHG emissions

in the transport sector. Specifically, one of the planned
measures involved increasing gasoline and diesel taxes by
nearly 5 and 8 cents per litre (excluding VAT), respectively,
representing an average increase of 3-5% of the price paid
in petrol stations. VWhile the measure was accompanied
by a flat subsidy for the purchase of electric vehicles

and an energy rebate, the fuel taxes as initially designed
disproportionally affected the poor.

From a welfare economics perspective, there were reasons
to oppose the government’s original policy package, since

it did not sufficiently consider the distributional impacts of
the taxes.?°

The perceived unjust nature of the policy?! led to the
creation in November 2018 of the ‘Gilets Jaunes’ (yellow
vests) movement, with a broad objective to block the

tax. While very heterogeneous as a group, 48% of the
participants in the movement were aged over 50, 75%
were using a motor vehicle every day and 65% were below
the standard living national monthly average income. 22233
Around a month later, the government responded by
instead proposing a more gradual increase in fuel taxes and
doubling the amount of subsidy provided for the purchase
of EVs for lower-income groups.

Both of these policy changes were the result of
considering, in a more central manner, the balance
between climate mitigation and socio-economic
justice.Z*23> This case illustrates the importance of
incorporating welfare and distribution aspects in the
assessment of policies before implementation.
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PRINCIPLE 8:

Coordinate internationally to
grow clean technology markets

Traditional principle: Link carbon markets
to minimise current costs

Summary: Countries should coordinate internationally to grow clean technology markets
in each of the emitting sectors of the global economy.This can lead to faster innovation
and larger economies of scale, accelerating the cost reduction of clean technologies, with

B

benefits for all countries.

Rationale for the
traditional principle

Economists and economic institutions have traditionally
advised countries to work together to grow international
carbon markets, as an efficient way to reduce global
emissions.?* The logic for this is that a carbon market can
find the least-cost opportunities to reduce emissions at
any given moment in time, and the larger the market, the
more low-cost emissions-reduction opportunities may be
discovered.?”’ In practice, international carbon-emission
markets have made some contributions to emissions
reduction. For example, as we noted in our earlier report
‘The New Economics of Innovation and Transition’, the

Kyoto Protocol’'s Clean Development Mechanism (CDM)
provided important support to the early phase of India’s
transition to efficient lighting2*® It also provided finance
to support the initial adoption of a range of other clean
technologies in developing countries, atthough in many
cases it was found not to have been additional to other
types of finance.?*

Limitations of the

54 traditional principle
A dynamic understanding of the economy makes clear
the limitations of this approach. Least-cost emissions
reductions at a moment in time do not necessarily lead
to least-cost emissions reduction over the course of time.
The dramatic technological progress that has made solar
power ‘the cheapest electricity in history’** was brought
about by targeted policies focused on what was initially a
very expensive way of reducing emissions. As discussed
under Principle |, these policies activated the feedbacks
of learning, improvement and cost reduction.

As previously mentioned in Principle 4, some carbon price
is better than no carbon price, and a carbon market is
better than no policy at all. But to the extent that carbon
markets encourage a search for least-cost emissions
reductions, they could end up diverting resources from,

or delaying investments in, such high-cost, but ultimately
high-benefit, opportunities. Logically, the larger the carbon
market, the more low-cost short-term emission reductions
can be found**" and the easier it is for firms to meet
regulatory requirements without investing in zero-emission
technologies that are initially more expensive.**?

236 See icapcarbonaction.com/system/files/document/icap_linking-input-paper.pdf and www.oecd.org/economy/growth/towards-global-carbon-pricing-direct-and-indirect-linking-of-

carbon-markets.pdf and openknowledge.worldbank.org/bitstream/handle/ 10986/26430/WP-PUBLIC-RegulatoryFrameworkWeb.pdf!sequence= | &isAllowed=y

Note: such advice has been caveated with the need to carefully consider risks to effectiveness that might arise from different levels of stringency in different markets and from
other practical aspects of linkage. The limitation in terms of dynamic effectiveness that we discuss here is distinct from those issues.

237 icapcarbonaction.com/system/files/document/icap_linking-input-paper.pdf [p4: Flachsland et al. (2008) and IETA (2006), among others, empt

ise three main p ial economic benefits

to larger linked markets: increased efficiency through the cost effective allocation of abatement among a larger number of abatement options, increased market liquidity, and a reduction in
competitiveness distortions. Together, these benefits serve as the underlying motivation to link domestic systems.]

23
239 ec.europa.eu/clima/system/files/2017-04/clean_dev_mechanism_en.pdf
240 |EA. (2020) World Energy Outlook 2020
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As explained in Principle 5, effective innovation in practice
requires a mix of policy instruments to drive transitions, of
which some other elements (notably, strategic investments)
may initially be more expensive. Consequently, where
national carbon markets already exist, linking them to
create international carbon markets could in some cases
delay the processes of transition, particularly in countries
that are key drivers of technological change, and in the
absence of other effective national or international action.**?

g{ Case for Principle 8

The progress made so far in low-carbon transitions
highlights the value of coordinating internationally to grow
clean technology markets. This derives from the empirically
observed learning curves (or increasing returns) that
typically arise when scaling up new clean technologies.

As discussed under Principle |, the costs of solar panels,
wind turbines, EV batteries and hydrogen electrolysers
have each been found to fall by a largely constant fraction
with each doubling of cumulative global deployment, albeit
with significant volatility around it.2* The faster that these
technologies grow their share of global markets, the faster
their costs fall, benefiting all countries. There are several
important ways in which countries can work together to
grow markets for clean technologies:

i) Coordination on early development
and testing of clean technologies. In the
early stages of a transition, alignment of research and
development efforts internationally, combined with the
sharing of learning, can accelerate the identification of
viable solutions. Testing new technologies in a variety
of contexts can help to increase understanding of their
potential and their limitations. Although countries have
a strong interest in competing for industrial leadership
in new technologies, the ongoing sharing of insights
through the long-standing International Energy Agency's
Technology Collaboration Programs?®, the US China
Clean Energy Center’®, or the increased funding for
clean energy RD&D in major economies after the
launch of Mission Innovation¥, for example, suggests
that some pre-competitive collaboration on technology
development is possible, and can be valuable.

ii)

iii)

Coordination on policies to expand
deployment. While early in the transition there

can be advantages to experimentation with a diverse
range of solutions, later there can be benefits from
greater alignment in scaling up those solutions that
have proven most viable. Each country will want to
choose the technologies most appropriate to its
national circumstances; at the same time, the more
countries support the deployment of the same clean
technologies, the faster those technologies will progress
down the learning curve. In the power sector, the
aligned actions of the five countries that together
created 70% of the global market for each of solar and
wind power?® have played a decisive role in making
renewable power cheaper than power from coal or
gas in the vast majority of the countries of the world.
Similarly, coordinated international action to grow
markets for green hydrogen would result in a faster fall
in the costs of electrolysers.?°
policy or regulatory trajectories with a rapid pace of
deployment, this can incentivise a faster reallocation
of industrial investment towards zero-emission
technologies, the emergence of dominant designs,
and of harmonised market rules and capital allocation
mechanisms. The road transport sector provides an
example of this opportunity (see case study 8).

If countries coordinate

Coordination to establish level playing
fields where they are needed. Measures to
establish a level playing field can be important in
sectors such as energy-intensive industries, shipping
and aviation, where clean technologies are more
expensive than fossil-fuelled alternatives and early
adopters of clean technologies risk being undercut in
international trade. Coordination on standards (for
example, regulating the carbon intensity of a traded
product or requiring zero-emission fuels on transport
routes) can ensure that competition is an accelerator
of the growth of clean technologies’ share of global
markets and not a brake.”' Coordination on carbon
pricing could also be used for this purpose, and this
could take the form either of coordination on the level
of carbon pricing within a particular sector, or of linking
countries within a sector-specific carbon market. The
latter option may not be the most effective depending
on the situation, for the reasons discussed above.

243 Cullenward, D.,Victor, D.G. (2020). Making climate policy work. John Wiley & Sons, 1-242.

244 Way et al. (2021). Empirically grounded technology forecasts and the energy transition (2021) www.inet.ox.ac.uk/files/energy_transition_paper-INET-working-paper.pdf
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IEA. (2022). International Energy Agency Technology Collaboration Programme. https://www.iea.org/programmes/technology-collaboration-programme ; Accessed on August 8, 2022.

246 Lewis, ). (2014). Managing intellectual property rights in cross-border clean energy collaboration: The case of the US-China Clean Energy Research Center. Energy Policy 69, 546-554.

247 Anadon, L.D,, Galeazzi, C., Meckling, J., Shears, E, Xu, T. (2022). Energy innovation funding and institutions in major economies. Nature Energy, accepted.
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iv) Practical assistance and shared learning.
In the power sector, international assistance for
electricity market reforms has helped many countries
access the benefits of cheap and clean power.*? This
includes, for example, assistance with the design of
renewable power auctions, the creation of capacity
markets, or other regulatory changes that help to
mobilise investment in clean power.When these
measures are successful, they add further growth to
the global market for solar and wind technologies, and
further reductions in their costs. Similar international
assistance can be provided in each of the emitting
sectors building on experience.

v) Coordinated infrastructure investments.
In international shipping, aviation and road freight,
coordinated investments in refuelling or charging
infrastructure will be essential to allow the deployment
of zero-emission technologies or fuels on international
routes. Physical links between countries can also
support the faster growth of markets for clean
technologies: interconnectors can facilitate countries’
transitions to clean power??
hydrogen pipelines can support the growth of the
hydrogen economy.>*

and international

Limiting global temperature rise to below 2 or [.5°C
requires a dramatic acceleration of decarbonisation in

all emitting sectors. International coordination to grow
markets for clean technologies in each emitting sector

can make this more achievable. This was recognised by
the countries representing over 70% of global GDP that
launched the Breakthrough Agenda at COP26, committing
to work together to make clean technologies and
sustainable solutions the most affordable, accessible and
attractive option in each emitting sector by the end of this
decade.The forms of cooperation described above can
create stronger incentives for investment, and can stimulate
faster innovation and cost reduction. A targeted approach
to each sector is essential, since each sector differs in its
technologies and market structures.”®

Companies and countries will always compete for
leadership in new technologies, and for the benefits in jobs
and growth that come from taking a large share of global
markets. With the right coordination to agree the rules of
the game, such competition can be a powerful accelerator
of low-carbon transitions, and need not be a brake.

252 See Climate Investment Funds:Ten years on www.climateinvestmentfunds.org/news/cif-ten-years

253 www.sciencedirect.com/science/article/abs/pii/S1364032119301364

254 www.energy-transitions.org/publications/making-clean-hydrogen-possible

255 Geels, FW, Sharpe, S.,Victor, D. G. (2019) Accelerating the low carbon transition: the case for stronger, more targeted and coordinated international action. www.energy-

transitions.org/publications/accelerating-the-low-carbon-transition
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CASE STUDY 8:

In road transport, each doubling in the cumulative global
deployment of EV batteries has brought a cost reduction
of around 20%.%¢ From early 2020, governments of most
of the world’s largest car markets began discussing the
necessary pace of the transition, first bilaterally and later as
a group at the Zero Emission Vehicle Transition Council. %’

A growing consensus was reflected in the commitments

of California (September 2020), the UK (November

2020) and Canada (June 2021), and the proposals of the
European Commission (July 2021), followed by many more
countries at COP26 in November 2021, to require all new
car sales to be zero-emission by 2035.

Modelling suggests that if the three largest car markets
(China, the EU and the US) were to implement policies
in line with this trajectory, then due to larger economies
of scale and faster innovation, the achievement of cost-
parity between electric and fossil-fuelled vehicles could
be brought forward by up to four years (see Figure 12).
Progress down the learning curve will be faster if countries
coordinate on technology choice, backing only those
technologies that are consistent with the zero-emissions
goal — predominantly, meaning battery electric and fuel-cell
electric vehicles.” In addition, international assistance can

help developing countries benefit from this transition by
260

258

mobilising investment in charging infrastructure.
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PRINCIPLE 9:

Assess opportunities and risks

Traditional principle: Assess aggregate costs and benefits

Summary: Policy appraisal should consider risks and opportunities, not just costs

and benefits, when unquantifiable or very uncertain factors are likely to be important.

Where the aim is transformational change, appraisal should consider the effects of

policies on processes of change in the economy, alongside their expected outcomes.

Rationale for the
traditional principle

As noted (e.g, Principle 6, Principle 7), the appraisal of
proposed public policies is in many countries done on the
basis of comparing aggregate costs and benefits, as well as
strategic political and legal implications and constraints. In
some countries, such as the UK and US, this is formalised
under cost-benefit analysis (CBA) frameworks. At the
European Commission, multi-criteria analyses are used.

In other countries including Germany and India, no formal
guidelines exist, and instead more tailored approaches are
taken to informing policy choices with relevant evidence.

CBA can be a valuable tool in its domain of applicability
(see Rationale for traditional Principle 7). It encourages

a methodical approach to comparing alfternative options,
which can have advantages compared to more ad-hoc or
overly politicised approaches to policy appraisal.

Limitations of the
traditional principle

However, it is important to understand the boundaries the
applicability of CBA, which is less appropriate when any of
the following conditions are present.?¢?

a) Uncertainty: The use of CBA involves the implicit
assumption that probabilities for all possible events and
outcomes are quantifiable, and that uncertainties are
limited.?*? In reality, some of the outcomes of policy
will always be uncertain — that is, their probability or
magnitude cannot be confidently quantified. If some of
the most important intended or possible outcomes of
policy are of this nature, then analysis that compares

options primarily in terms of their quantifiable costs and
benefits risks being misleading. Since near-term specific
costs tend to be better known than the subsequent
wider benefits of action, this can create a systematic bias
towards inaction which maintains the status quo. This
can apply, for example, when innovation is one of the
intended or resulting policy outcomes. This is illustrated
by scenarios in the Sixth UN Global Environmental
Outlook (GEO-6) which explores the implications

of both current trends, and the transformation

to a low-carbon, resource efficient economy: No
conventional cost-benefit analysis for either scenario

is possible. This is because the final cost of meeting
various decarbonisation and resource-management
pathways depends on decisions made today in changing
behaviour and generating innovation. The inadequacies
of conventional modelling approaches generally lead to
understating the risks from unmitigated climate change
and overstating the costs of a low-carbon transition, by
missing out the cumulative gains from path-dependent
innovation.?%!

b) Diversity of interests: CBA converts all policy

outcomes into a single metric: money. There are different
methods by which this conversion, or monetisation,

can be done, and while a method may be applied
consistently, the choice of which method to use is
unavoidably arbitrary (see Principle 7). This can be a
drawback not only in relation to equity implications,

but in situations where the policymaker is interested

in possible outcomes in a diverse range of dimensions.
By implicitly assigning weightings to different interests or
outcomes, it makes important choices less easily visible.

262 Drummond, P, Ives, M., Grubb, M., Knobloch, F, Lam,A., Mercure, J.F, Nijsse, FJ., Pollitt, H., Sharpe, S.,Vinuales, ].E. (2021). Risk-opportunity analysis for transformative policy design

and appraisal. Global Environmental Change, 70, 102359.

263 HM Treasury. (2020).The Green Book - Central Government Guidance on Appraisal and Evaluation.
264 Ekins, P, Zenghelis, D. (2021).The costs and benefits of environmental sustainability. Sustainability Science, 16, 949-965. doi.org/10.1007/s11625-021-00910-5
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c) Structural change: CBA considers the expected
outcomes of policy at a fixed moment, or moments,
in time. This means it has limited ability to assess how
effective a policy will be at bringing about change
over time. Consequently, it is appropriate for use in
situations of ‘marginal change”: where the structure
of the economy (including the price or existence of
technologies and the structure of markets) is not
expected or intended to change; but is not appropriate
for use where the aim of policy, or the context in
which it is expected to operate is one of structural, or
transformational, change.

Moreover, CBA is generally conducted at a project or
national level, based purely on national criteria, and neglects
the kind of international dimensions and potential collective
gains considered in Principle 8.

These limitations can be critically important for policies with
transformational aims in which innovation takes a central
role,®®> where fundamental uncertainty is present, and
where many different policy interests (and many different
stakeholders) are affected. Many of the policies necessary
for the zero-carbon transition are in this category.

An additional limitation relates to resilience. In many
systems, there is a trade-off between performance and
resilience. 22 The more we tune systems (e.g, institutions,
engines or ecosystems) to maximise performance, the
higher the likelihood of their failure becomes. Similarly,
policies that maximise the cost-benefit ratio may turn out
to possess low resilience to unforeseen circumstances. For
example, operating hospitals with bed numbers tailored

to everyday demand is least expensive, but it offers little
resilience to pandemics. A similar trade-off may exist in
that the more we seek to maximise outcomes that can be
known with high certainty, the lower our ability becomes to
capture unforeseen innovation opportunities.

The case for Principle 9

Risk-opportunity analysis can be seen as a generalisation

of cost-benefit analysis. If CBA is appropriate in the special
cases where there is high certainty, very few outcome
dimensions of interest and only marginal change, then risk-
opportunity analysis is appropriate to the broader range of
situations that do not meet those conditions.

The main aspects involved in risk-opportunity analysis, and
their advantages, are:

a) Uncertainty. Possible outcomes that are important
to the policymaker's interests but that cannot be
quantified (risks and opportunities) are considered
alongside those that can be quantified (costs and
benefits), in a structured way and on an equal basis.
The value of a policy option is not described by a
summing-up of only the factors that are quantifiable.
This encourages proper consideration of all important
factors, and avoids presenting a misleading conclusion.

b) Diversity of interests. Different outcomes of
policy are assessed in their own appropriate metrics
(for example, jobs, costs, emissions, competitiveness,
public health benefits, distributional consequences),
without monetisation. This multi-criteria approach avoids
a default of monetary value being the only metric of
trade-offs, and thus makes more explicit and transparent
the judgements about the relative importance of
different interests and impacts: ultimately it aims to
inform decision-makers so that choices can be made
using explicit information and judgement.

c) Structural change. The likely effect of policies on
processes of change in the economy are considered,
alongside their expected outcome. Processes of change
include technology innovation and diffusion, changes in
investor expectations and consumer preferences, the
growth and decline of business strategies and sectors,
and changes in financial, industrial and market structures.
Consideration of the dynamics of these processes — the
feedbacks between variables — can help to distinguish
between policies whose effects will be self-amplifying,
and those whose effects will be self-limiting.

265 Following the UK’s Green Book guidance on policy appraisal, 2020 update (HMT 2020), marginal change refers to projects or policies that pose little impact to the economy as a
whole, while transformational change refers to actions that leave the economy or society irreversibly qualitatively transformed.

266 Carlson, ). M., Doyle, . (2002). Complexity and robustness. Proc. Natl. Acad. Sci. 99 (Supplement 1), 2538-2545.

267 Carlson, . M., Doyle, J. (2000). Power laws, highly optimized tolerance, and generalized source coding. Physical Review Letters. APS 84 (24), 5656.



Risk-opportunity analysis (see our previous report, The
New Economics of Innovation and Transition, section 4) can be
helpful as governments increasingly seek to achieve not just
marginal decarbonisation at minimal cost, but to maximise
the benefits from the transformational change required

to meet the goals of the Paris Agreement. As the IPCC
notes, combined with attention to minimise trade-offs and
maximise synergies, it can help policymakers identify net
‘co-benefits' to deep decarbonisation, particularly in the
context of pursuing wider sustainable development.¢®

In business and innovation management, deliberately
positioning a company to take advantage of a situation of
uncertainty is a bet that often pays off. Evidence from more
than 35,000 enterprises across the EU shows that good
management of uncertainty in innovation strategies largely
underpins high levels of European business performance
and resilience.* Equally, a lack of innovation in a context
of change is not a safe strategy: it may lead to business
failure. Similar considerations are likely to be relevant to
governments’ interests in positioning their countries for
success in the global low-carbon transition.

Finally, risk-opportunity analysis can support a careful
consideration of the appropriate balance between the
objectives of performance, resilience, and opportunity
creation. This can help to coordinate some of the different
functions of policymaking: strategy-making (e.g., executive
decisions), regulation (maintaining rates of system failure
within regulatory limits) and accounting (managing
expenditure). It can also help avoid the risks that arise from
these functions being exercised without co-ordination:
where strategies that maximise performance can create
problems for regulators, ultimately at greater unforeseen
costs to accountants.””

268 IPCC. (2022). Summary for Policymakers. Notably sections 1.8 and 13.6.

269 Klingebiel, R., Rammer, C. (2014). Resource allocation strategy for innovation portfolio management. Strategic Management Journal, 35(2), 246-268.

270 Cont, R, Moussa,A,, Santos, E. B. (2010). Network structure and systemic risk in banking systems. SSRN. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1733528



CASE STUDY 9:

[Source largely from*1]

During the last decade and a half, a series of Indian
government policies to increase the efficiency of
household lighting had remarkable success. The primary
motivation of the government to launch these schemes
was effective electricity demand management at the macro
level and a reduction in carbon emissions for the economy.
The spin-off was household savings, which was then used
as a powerful marketing strategy.

A forerunner to the national policies was the Domestic
Efficient Lighting Program, launched in 2014 in the city of
Pondicherry to promote the adoption of more efficient
residential lighting and address the large cost burden of
lighting for low-income households. This involved a joint
venture between state-run power companies, Energy
Efficiency Services Ltd (EESL), which bulk-procured highly
energy-efficient LED lightbulbs and distributed them

to consumers at minimal cost, with utilities benefiting
from the reduced demand for power. The scheme was
successful: nearly half of the households in Pondicherry
switched to LED lighting, and annual energy savings
reached 14 GWh.

This inspired a similar policy at the national level: the
Unnat Jyoti by Affordable LED for All (UJALA) scheme,
launched in 2015 with a target to replace 770 million
inefficient bulbs by 2019. Again, the scheme was based
on bulk procurement of LEDs by EESL, which were
sold to vendors at a minimal cost, with the remaining
purchase price recovered through instalments on
electricity bills. This was accompanied by various public
awareness campaigns. The scheme was designed to
address the obstacles to adoption of LEDs, especially
their high upfront costs, initially low availability, and a lack
of awareness of their long-term benefits compared to
incandescent bulbs.

The adoption of the UJALA policy, and its design, were
informed by consideration of a variety of opportunities
and risks. The most important set of opportunities

was to improve energy access, living conditions and the
economic prospects of low-income households. Further
opportunities included reducing peak load on the power
system (increasing its resilience), helping electricity
distribution companies manage demand more efficiently,
and enabling more productive uses for electricity. Risks
included negative health and environmental impacts from
the disposal of compact fluorescent lamps.?’> Some of
the most important of these potential outcomes of the
policy were not quantifiable with confidence. A major
uncertainty was the level of adoption of LEDs that would
result from the policy. How the immediate cost saving
would translate into improved economic prospects for
low-income households — perhaps the most important
consideration — was even more uncertain.

In addition, the adoption of the policy was strongly
informed, evidently, by distributional considerations.
The share of total household electricity demand taken

up by lighting in India varies strongly across income groups.

While the national average is around 20-27%, the share is
only 14% for wealthy households but reaches around 60%
for poor households.?”

Finally, the policy was influenced by considerations of
structural change. There was a reasonable expectation
that bulk procurement of LEDs could lead to reductions
in their cost, given their availability on the global market
and initially low penetration in India. The government also
hoped to increase manufacturing of LEDs in India, and
required LEDs procured for the UJALA scheme to have
an Indian value-added component.

271 Grubb et al. (2021).The new economics of innovation and transition: evaluating opportunities and risks. EEIST report to COP26. eeist.co.uk/eeist-reports. Transforming Lighting

Efficiency in India Annex.

272 Chunekar, A, Kelkar, M., Mulay S. (2017). Understanding the impacts of India’s LED bulb programme, ‘UJALA’. Accessed on shaktifoundation.in/wp-content/uploads/20|4/02/02-

PEG-Report-on-impacts-of-UJALA.pdf

273 TERI-NFA. (2020). Behavioural Dimensions in the Indian Power Sector (13), presented at ‘Behavioural Dimensions in Indian Power sector’, September 2020.
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All these considerations — unquantifiable risks and
opportunities, distributional issues and the potential for
structural (or non-marginal) economic change — provided
a stronger rationale for action and a more transparent
presentation of interests and trade-offs than could have
been provided by cost-benefit analysis.

The policy was successful on several measures. It
transformed the efficiency of lighting in Indian households,
with around 90% of electrified households meeting their
lighting demand using LEDs by 2019. Although the number
of LEDs deployed directly through the scheme was less
than its highly ambitious target — managing 368 million by
July 2022, compared to a target of 770 million by 2019 — it
brought about a dramatic 85% drop in the price of LEDs
between 2014 and 201627 (see Figure 13), and spurred
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the growth of a wider market. Annual sales of LED bulbs
in India increased from 3 million in 2012 to 670 million in
2018, becoming the lighting technology with the largest
market share (see Figure 14).27®

The scheme itself is estimated to have saved around 50
TWh of energy and avoided up to 10 GW of peak power
demand. It is also estimated to have achieved annual
emissions savings of 40 MtCO2 and cost savings of US$2.4
billion. The local value-add requirement of the policy
prompted a shift from importing LED bulbs to importing
LED components, and the establishment of a domestic
industry in downstream LED manufacturing with a present
market value of more than US$1 billion.
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PRINCIPLE 10:

Know your biases

Traditional principle: Policy models and assessment are neutral

Summary:The construction of economic models unavoidably involves many choices that
will influence their outputs, in which there are no ‘correct’ answers.We should be aware of
our biases, make model choices transparently and, where possible, use a range of models

instead of a single one.

Policy appraisal processes have been designed to provide

a systematic way of evaluating evidence associated with
alternative policy options.The tools used within policy
appraisal in the energy space include Integrated Assessment
Models such as those used in the Intergovernmental Panel
on Climate Change (IPCC) and Energy Economic Models,
alongside cost-benefit analysis or multi-criteria analysis

(see Principle 9).

Rationale for the
traditional principle

The case for using formal models and processes for
assessing policies is that they can help provide a consistent
and comparable decision-making framework. They can also
be helpful to make assumptions transparent and explicit. All
of these economic modelling tools are regularly updated?’®
to account for new requirements in policy development,
and as new data becomes available. Most governments have
official policy guidelines that require or recommend the use
of appropriate policy appraisal methods which have taken
into account the context in which they will be applied.

However, in policy appraisal, it is important to recognise
that the choice, design and subsequent outputs of these
processes and models are never neutral, but always political

Limitations of the
traditional principle

in terms of what questions are asked, how the findings

are presented and how the results are interpreted and by
whom, among other topics.?” This is, of course, particularly
true where models and their input assumptions are driven
by vested interests (such as dominant or incumbent
advocacy coalitions, or lobby groups). For example, the
scaling up of energy efficiency”® or technology diffusion

has on occasion been slowed because their true costs or
benefits have not been adequately identified and objectively
evaluated as part of a standard policy appraisal processes in
which the choice of models plays an important role.

Models and their parameters used in policy advice are
constructed and negotiated during the policymaking process.
How this is done and what information is made available
could lead to the evidence from such models being seen as
politically influenced.?®'?8? Indeed, at the extreme, models
can be used for policy-based evidence-making, instead

of the evidence-based policy making that scientists and
policymakers alike claim to strive for.?®

Models can be considered as ‘boundary objects?®* between
knowledge-making and knowledge-using communities
(modeller and policymaker), which requires ‘Interpretative
Flexibility?®> to provide relative freedom for actors to
follow their own interpretations.?%8” Where these two
communities interact, at these boundary objects, will
necessarily involve political and ideological choices.
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@ The case for Principle 10

Model design and policy appraisal inevitably involves
choices. In all of these choices, there is no ‘correct’ answer:
All involve the use of judgement, and all can be contested.
These choices strongly influence what the model will say
about different policy choices — which ones it will suggest
are good value, and which ones less so. Consequently
they are of great interest to stakeholders affected by the
policy, and likely to be the subject of lobbying. To avoid
policy being overly subject to vested interests, or stuck in
the consideration of an artificially constrained range of

options, it can be helpful for a) these choices to be made
transparently; b) these choices to be regularly reviewed;
and c) a range of different models to be used, rather than
relying on a single one.

In an analysis of in-depth interviews with 24 European
modellers and policy-workers, we identified some of these
dynamics of contestation and differentiated influence that
reflect and reproduce underlying power relations between
those entities that commission modelling exercises and the
modellers. Table | shows the five main areas identified from
the interviews that are relevant to assessing the level of
neutrality in the policy-modelling process.

Table I. Dimensions for assessing neutrality in the policy-modelling process. Adapted from?%

The politics of... Scope

Framing problems and
questions

What questions are (not) asked; construction of problems
and the agendas underlying these.

Framing solutions and scenarios \Which scenarios are (not) considered; construction of solutions
and the agendas underlying these.

Designing models’ structural
assumptions

Structural aspects of models’ design and mechanisms
(as opposed to variable inputs).

Defining quantitative inputs

Numerical values assigned to variable inputs

(as opposed to structural aspects).

Access and exclusion

Issues of ownership, transparency and capacity that permeate the

design and use of models.

The fact that models and outputs are influenced by

policy and political processes means that it is important
to understand the following: the political nature of model
testing; how policymakers influence models and modellers,
data and assumptions, study scopes and acceptable
questions to explore; and how results are used.?®” Within
these contested areas, there can be a mismatch in
expectations as well as interest-driven conflicts between
actors over the definition of scenarios, the specific values
assigned to input variables, and more fundamental issues
of transparency, access and exclusion, whereby an emphasis
on model-based policy can exclude certain voices from
debates.?”0%!

In addition, modelling exercises often require choices about
what policy options to consider and how to model them.
These choices may depend on who is commissioning the
work, the preferences or perspectives of the modellers, and
on interactions between analysts and external stakeholders
that may or may not be public.

Established models generally have an advantage over new
models because over time they become more familiar and
trusted by policymakers and they tend to develop a wider
and more politically salient set of analysis capabilities.?”
Because of this, some energy economic models, such as
NEMS?? (an energy and economic model used by the
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United States created by the US Energy Information Therefore, it is useful to maintain transparency and
Administration), PRIMES** (an applied energy system reflexivity alongside a pluralistic approach to the use of
model used by the European Union, for instance) or models, especially when appraising policy that seeks non-
E3ME?> have been used for decades. This also leads marginal change?” and involves uncertainty, innovation, long-
to the specific discourse, values and choices contained time horizons, a diversity of actors?® and considerations of
within those models becoming dominant within specific finance?”. There is a need to actively reflect on, and account
government policy development and appraisal processes for, the biases present in policy appraisal and modelling

and, as such, models have been referred to as‘meaning- processes, which in turn demands greater transparency on
making machines’.? model assumptions, structures and functioning.
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CASE STUDY 10:

We can see from past examples that models have had a
strong influence in supporting initial policy positions, as
well as supporting a criticism of that initial position, and
subsequently a role in confirming a revision and change.

To give one such example, between 2012 and 2018 the
European Union developed and adopted a target for
renewable energy as a share of total energy consumption.
This target was supported, in part, by various model
outputs. In October 2014, the European Council initially
proposed a 27% by 2030 target and in 2016 the European
Commission published the ‘Clean Energy for all Europeans’
(CE4ALL) package. This package was supported by policy
analysis performed by the Directorate-General for Energy
using the PRIMES modelling suite®®, coupled with GEM-E3
and subsequent analysis using E3ME, that confirmed

this target. Subsequent discussion of the analysis by the
European Parliament and experts highlighted that, at

the time, the input assumptions used by PRIMES were
relatively conservative. In particular, according to some
analysis®® the use of PRIMES in this case may have resulted
in the (a) overestimation of the costs of renewables
(through reductions over time through innovation, capacity
factors assumed to be lower than actual, and the capital
costs of investment differences between nation states); (b)
overestimation of the price of carbon (through assuming
perfect foresight for investors the model exaggerates the
potential role of markets); and (c) downplaying the role of
sectoral policies and frameworks.

The specific application of the PRIMES model for that
analysis initially showed very little difference between the
costs to achieve a 27% or 30% share of renewable energy
by 2030 across the European Union. However, it showed
an increased cost to achieve a 35% target. Following the
feedback regarding the input assumptions, updates to

the modelling were done and higher renewable shares
were then supported. However, the initial target of 27%
was seen as political by the experts interviewed and the
modelling results were being seen as a way to confirm that
political choice. The European Parliament then proposed
setting higher targets and commissioned their own
modelling work to support these higher targets.

This exercise led to the parliament proposing a 35%
renewable energy target, relying on analysis by the
International Renewable Energy Agency (IRENA).
Subsequently, the European Commission confirmed a 32%
renewable energy target and proposed a review of the
target by 2023 (an example of adaptive policy, Principle 6).

None of the models involved in this case should be
considered to be ‘correct’ or incorrect, though some
may have been closer to reality than others in their
assumptions and projections in particular occasions.

The important point is that, rather than taking the output
of any model at face value, it is useful for policymakers

to critically examine model assumptions, compare the
projections of different models and use the broader
information gained through that process to support their
policy choice.
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Conclusion

The Ten Principles for Policymaking in the Energy Transition
outlined in this report are built on a wealth of empirical
evidence gathered over the last three decades and
represent a first (and necessarily incomplete) step.The
knowledge generated by exploring the different ways in
which policy has induced rapid innovation and growth

in clean energy technologies can be used to enhance
traditional approaches to policy appraisal and development.
We suggest that, within a complex system, a structural
change requires transformational policy, underpinned by
appropriate policy processes, and informed by

a clear set of organising principles.

We have contrasted each of these Ten Principles with a
‘traditional principle’, which are stylised versions of advice
or guidance that has often been assumed, advocated, or
implemented. While we have acknowledged the usefulness
of those traditional principles in their appropriate domains,
we have also pointed out some of their limitations and

the need to complement them with the Ten Principles.

A fundamental distinction is that most, if not all, of the
traditional principles are based on analytic frameworks
which place economies in relation to an identifiable ‘default’

equilibrium, typically assumed as optimum,*‘a situation

in which nobody has any immediate reason to change
their actions, so that the status quo can continue, at least
temporarily”*® whereas low-carbon transitions inherently
involve processes of substantial innovation and structural
change in particular directions.Where the traditional
principles aim to achieve an efficient allocation of existing
economic resources, our principles aim to guide the
processes of economic change in an effective and fair way.
This can be useful for governments that wish to achieve
low-carbon transitions fast enough to avoid dangerous
climate change, while also minimising costs and social
dislocation, and maximising opportunities for economic
development.

We will learn more as we make further progress in
low-carbon transition. The lessons from practical experience
should continually be reflected upon, and the principles to
guide policy updated, to inform those policies that take on
the enormous challenge of transforming our economies
over the next three decades.
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