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Introduction 

Energy and climate change raise questions of extraordinary reach and complexity. Responses have 
been limited, contested, and as yet unequal to the challenges. Despite decades of effort, progress 
seems glacial. Modern energy systems have brought huge benefits, yet the way we produce and 
consume energy is unsustainable. The world remains as dependent on fossil fuels as ever, and CO2 
concentrations in the atmosphere rise relentlessly.  Billions of people still do not enjoy the benefits 
of modern systems. Ensuring universal access to modern technologies is a priority, but seven billion 
increasing to nine billion carbon-intensive consumers will further exacerbate the global pressures on 
resources and environment. 

Much policy and advice has been guided by the theories of classical economics – which have helped 
to deliver many of the benefits of modern energy systems, along with their attendant problems. This 
is based heavily on assumptions of rational economic behaviour trading off and balancing costs and 
benefits. Yet there is no simple way of summarising the costs associated with changing energy 
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systems: they seem still to embody large inefficiencies and damaging side effects, and their 
development comprises a complex mix of uncertainty, innovation, inertia and irreversibility, with 
multiple objectives to be delivered including energy access and security.   Quantifying the benefits of 
curtailing emissions is even harder – with results being wrapped in the mists of how much climate 
change societies can handle, at what cost, and never-ending debates about how to weight the 
welfare of people in different places and in future generations. Moreover, by the time we know 
whether there is a real risk of catastrophe it will be too late to avert it.    

These challenges operate at scales which transcend anything that humanity has had to face, or even 
think about, before. This is a problem, but also an opportunity. This paper summarises the main 
arguments of the author’s book Planetary Economics, that a deeper, more integrated understanding 
that embraces different dimensions is possible, and can inform more effective responses.1  

Three economic processes 

Economics, at its most basic level, is about allocating resources in ways that seek to meet human 
needs and desires.  Resources – whether of people, capital, land, mineral deposits, or energy – are 
not infinite. Much of economics concerns the inherent tradeoffs. In Figure 1, the broad line 
illustrates ‘best practice frontier’ – the best available way to produce economic output or welfare 
(horizontal axis) for a given use of a key physical resource (the vertical axis).  Reducing use of that 
resource comes at a cost of lost economic output, at least in the short term, because other factors 
(eg. more capital or labour, or some other more expensive resource) must be used – substituted  - 
instead.  The frontier defines that trade-off.  Obviously, the idea can be generalised to any number 
of resources and associated dimensions. For the purposes of linking this explanation to the topic of 
the book, think of the vertical as representing energy use and associated emissions; the horizontal 
axis, everything else.2 

Much of welfare economics is, fundamentally, about how systems can be designed to optimise the 
tradeoffs defined by such curves, across the enormous range of resources available - largely as 
determined through relative prices, the prime mechanism for transmitting information about the 
scarcity and value of the different resources available.  

Time also enters through movement of the curve itself – technical change, which increases the 
output available from use of a given resource, for example. The classical simplifying assumption is 
that this process is either autonomous – it occurs like manna from heaven – or optimal – the product 
of economic agents maximising their benefits from innovations. 

 

 

   

                                                           
1
 Grubb M., J.C.Hourcade and K. Neuhoff, Planetary Economics: Energy, Climate Change and the Three 

Domains of Sustainable Development, Routledge, Published March 2014.  
2
 Precision on the topic of trading off of resources would tend to draw the bottom axis in terms of other 

resources, rather than economic output or welfare. The curve would then be the other way round, and 

technological progress would involve it moving in towards the origin of the graph.  It is drawn in the way 

illustrated to provide a simple visual consistency with a number of other graphs in the book, in which the public 

policy objective can be interpreted as moving right (increase welfare), whilst reducing energy consumption and 

emissions (moving down).   Note that the frontier in economics is often called the ‘possibilities frontier’, which 

is potentially confusing as soon as one brings innovation into consideration. Note economic textbooks would 

typically draw the curve as a straight line, and hardly ever show it bending backwards. However, it is obvious 

that there is such a thing as excessive energy consumption or emission levels, which would damage economic 

output – and indeed, plenty of evidence that this is not uncommon, in part through subsidies. 
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Figure 1 Resources and economic outputs in the three domains 

 

 

 

In this illustration, the other two domains enter as shown on Figure 1(b). Phenomena of the ‘First 
Domain’ are represented by points to the left of the line, which produce less output than potentially 
available using ‘best practice’ for the same resource use. Clearly, this creates the potential for 
improvements apparently without any tradeoffs – defined in economics as ‘Pareto improving’- a gain 
without anyone having to lose out. The general assumption is that self-interested individuals and 
organisations, given the freedom to do so, will naturally move to the ‘frontier.’  
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When reality differs from this ideal, neoclassical economics generally attributes this to various forms 
of market and institutional failures, as well as time lags in catching up with a moving target as 
innovation moves the best practice frontier. However in reality, most people fall well short of this. 
So do real organisations. It is principally the experimental evidence underpinning behavioural and 
managerial economics which has revealed and explained this as a systematic feature of human 
psychology and organisation, rather than an anomaly that people or organisations will quickly and 
spontaneously deal with.  Note however that such behavioural and organisational theories only form 
part of the First Domain realities considered in this book, which comprise all the factors which lead 
to societies operating far short of the ‘frontier.’ 

In the field of energy, this is reflected in what is often called the ‘efficiency gap’. There is abundant 
evidence around the way that people use energy and waste it, and the huge potential for greater 
energy efficiency. This is due to a diverse mix of contractual and market failures (such as the split of 
incentives between tenants and landlords); personal behavioural traits; and internal principal-agent 
and related problems within organisations. The former in particular are an example of ‘missing 
contract’ problems in economics, and obviously reduce efficiency however defined. Many other 
factors, again backed by extensive evidence, explain the extent to which the real world falls way 
short of the ‘best practice frontier’, particularly if this is understood in terms of the social optimum.3 

On the other side of the line, the ‘best practice frontier’ defined by available technologies and 
systems moves over time: technologies and organisational structures improve to allow the same 
output with less input of resources.  Indeed, innovation is widely acknowledged as a prime driver of 
economic growth.  The Third Domain is defined by the question not of whether the curve moves – 
whether there is innovation – but by how it moves – the pace and type of innovation.  Technical and 
institutional innovation can influence the whole direction in which systems evolve. Over time this 
may fundamentally reshape the ‘best practice’ frontier.  Against this background Figure 1 illustrates 
three schematic choices in relation to energy and climate change:  

 ‘business as usual’ innovation, which may predominantly move the curve to the right and 
ignore in particular the value of CO2-reducing innovations (particularly if they are not 
priced); 

 innovation driven purely by rising carbon prices, which will tend to move the curve 
downwards;  

 accelerating innovation in the overall energy system with an emphasis on low carbon 
technologies.  

It turns out there are many reasons why energy-related systems tend not to innovate with the pace 
that might be expected, or in the direction that is needed given the reality of carbon constraints.  As 
measured by the intensity of research and development expenditure, energy is one of the least 
innovative sectors in our economies, and prone to getting locked-in to established patterns and 
technologies - which may ultimately not be good for either the environment or the economy 
(Planetary Economics, Chapters 9 and 10).   

  

                                                           
3
 An important - though by no means the only – dimension of all this concerns time. Individual and 

organisational decisions on energy consumption and end-use investment have short time horizons - 

opportunities to cut energy consumption with paybacks of only a year or two are often still not enacted, and not 

implementing measures available that could pay back within four or five years seems the norm.  This is far more 

short-sighted than the timescales of most decisions involved in generating or supplying energy, and hence 

introduces a systematic bias towards producing an excessive level of energy and emissions.   
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The Three Domains: essence and terminology 
 
First Domain: Satisficing describes the tendency of individuals and organisations to take many of their 
decisions based on habit, routines and inbuilt assumptions.  In understanding this domain, well-established 
insights from fields as diverse as psychology, management science, and transactional analysis have been 
further extended in recent decades through progress in behavioural and organisational economics.  This 
domain corresponds with a human tendency to ignore risks if they are sufficiently remote, intangible, or 
hard for individual decision-makers to influence.  

In energy and environment, satisficing behaviour explains in particular a huge scope to improve 
energy efficiency with net economic benefit, and associated potentials for smarter choices.  This underlies 
the first Pillar of Policy, Standards and Engagement. 
 
Second Domain: Optimising describes the domain of considered decisions which attempt to make optimal 
choices based on economic factors. This reflects traditional assumptions around market behaviour, and 
corresponding theories of neoclassical and welfare economics. Particularly for public authorities, the 
corresponding approach to risks (or other adverse impacts) is to evaluate them, and assume potential to 
compensate for adverse impacts through the wider collective gains of efficient behaviour. This underpins 
the idea of cost/benefit analysis, which requires aggregating and weighing up overall costs and benefits. 
The overall framework also yields the principle that market prices should reflect costs and benefits to the 
extent possible.  Research in recent decades has helped to illuminate many complicating factors, including 
business and commodity cycles and herd behaviour in associated financial markets. 

In energy and environment, this domain best approximates the day-to-day operational and 
expenditure decisions of most energy companies, and major energy users. It can also help to explain 
(though not predict) the periodic and costly instability of fossil fuel markets. The environmental impacts 
arising from fossil fuels, and the practical difficulty of directly compensating the victims of pollution or 
future generations, further increases the benefits of choosing cleaner products and processes. All this 
underlies the second Pillar of Policy, namely the appropriate use of Markets and Pricing.  
 
Third Domain: Transforming describes the ways in which complex systems can develop over time, and be 
influenced by the strategic choices of large entities, notably governments and big multinational 
corporations. Understanding of this domain has developed enormously with progress in theories of 
complexity and chaos, reflected in the economic field through the insights of evolutionary and institutional 
economics. In terms of approaches to risk, this domain corresponds most closely with the overriding need 
for security in our lives and institutions, with the ultimate expression being national security. Since security 
has historically been considered almost exclusively in terms of defining and defending boundaries around 
individuals, groups, and nations, the concept has hardly yet been extended to the level of collective global 
concerns, but this may best describe the nature of global energy and climatic risks.   

In the evolution of energy and economic systems, the key processes concern innovation and the 
development of infrastructure. The energy sector spends an exceptionally low fraction of its turnover on 
R&D, and is wholly dependent upon extensive, complex and long-lived infrastructure; decisions on these 
shape the boundaries of the feasible choices for future energy consumers and industries. This underlies the 
third Pillar of Policy, of Strategic Investment.  
 
These Three Domains operate at increasing scales of time, geography and society (ie. Individuals or the 
institutions of collective decisionmaking).  None are exclusive of the others, but rather describe the 
processes which may dominate for different types of decisions at the different scales.  Their relative 
importance, in consequence, depends on the nature of the question being addressed. The book Planetary 
Economics presents multiple lines of evidence to suggest that in terms of transforming the global energy 
system over the next few decades, all three domains are of roughly equal importance.  It follows that 
successful response to global energy and environmental challenges requires using all three Pillars of Policy 
simultaneously, and understanding and harnessing their interactions.   
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The Three Domains: foundations and wider context 
Each domain is underpinned by areas of theoretical development which can be viewed as a triple-
deck of a sandwich, with each associate ed with different time and social scales, as illustrated in 
Figure 2: 

Figure 2 The Three Domains and associated fields of theory in the wider context 

 
 First Domain phenomena have their theoretical roots in behavioural and organisational 

economics, which focuses on the real behavioural characteristics of individuals and organisations 
respective. The key features seem particularly relevant up to timescales of a few years – it is for 
example extraordinary how many energy efficiency investments pay back within such 
timescales. Individuals tend to be the key decision makers, whether on their own or within the 
context of most organisations outside the energy sector, where energy expenditures tend to be 
modest and devolved. Economics recognised the underlying phenomena as satisficing  - the 
observation that individuals and organisations seem to be sufficiently ‘satisfied’ with behaviour 
that was clearly suboptimal when viewed from a classical economic perspective.   

 Second Domain phenomena reflect the assumptions and theories of neoclassical and welfare 
economics. These seem particularly relevant on timescales of a few years to a couple of decades 
– the timescales within which investors generally seek returns.  In addition to market purchases,  
they often involve decisions by organisations within the energy sector and energy-intensive 
industries, and governments or government agencies (for example, regulators), acting within 
their well defined jurisdictions.  The key characteristic of this second domain is its underlying 
assumption of optimising behaviour. 

 Third Domain phenomena reflect the characteristics explored in evolutionary and institutional 
economics.  These tend to dominate on longer timescales – decadal to a century or more. These 
are timescales over which industrial innovations tend to mature and diffuse, and education and 
infrastructure contributes to national development. The decision makers may be governments 
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and organisations with a particular long-term view (particularly multinational companies), and of 
course innovators.  Ultimately, this third domain is not about the optimisation of trade-offs ‘at 
the margin’, but involves transformation of systems.  

Hence the shorthand terms illustrated in Figure 1 respectively of Satisficing, Optimising, and 
Transforming. 

On either side of the central domains in Figure 2 are two cross-cutting areas: our understanding of 
risk, and of ethics and the problems of ‘collective action’ – coordinating responses across different 
groups (particularly countries). Uncertainty is endemic in human affairs, and the rational response is 
neither to ignore an issue because it is uncertain, nor to base policy on a central ‘best guess’; rather 
it feeds into different processes at different scales and timescales. The challenges of ethics and 
international coordination cannot be avoided, but a core argument of Planetary Economics is that 
we can still make a lot of progress without (yet) resolving the big issues of global coordination, and 
that resolution of the big global issues also hinges upon a deepened and broadened understanding of 
the three domains.  

Given the complexity of the issues, there is surprising little overlap between the different domains: 
they concern different timescales, processes, and decision makers. The framework can thus help 
avoid the internecine warfare between different academic disciplines. Most disciplines have 
something to offer, and the most useful debate is not about which is right, but what the 
complementary contributions are, and where the boundaries lie. Accepting these different spheres 
of analysis and decision-making also turns out to be practically useful. It offers a pragmatic but 
systematic approach to understanding energy and environmental challenges and options, and for 
evaluating responses based on the experience of the past few decades of both research and 
policymaking.   

Three realms of opportunity 
Perhaps the simplest data to illuminate the potential present and future significance of the three 
domains in this context lies in engineering assessments of the scale and cost of opportunities to 
reduce CO2 emissions. Against the backdrop of energy systems analysis, innumerable studies have 
now evaluated these. The neatest way of summarising the results is with an ‘abatement cost curve’.  
Figure 3 summarises the results of one of the most extensive international efforts to do this, a study 
by the McKinsey global consulting company which assessed the potential of 161 different measures 
in each of 21 different country/regions to cut emissions by 2030. The Figure focuses on the energy-
related components.4  

Compared to their ‘business-as-usual’ projection of sharply rising emissions, the analysis suggests 
potential to cut emissions in 2030 by around 25 billion tonnes of CO2 – almost two-thirds of current 
global energy-related emissions, and a scale which if true and implemented, would turn projected 
rapid emissions growth into a substantial reduction from present levels.5 

                                                           
4
 In terms of overall greenhouse gas emissions, there are also important opportunities in agriculture and forestry.  

The McKinsey (2009) study estimated a large potential to reduce projected emissions from these sectors, which 

was contested by a number of land use experts, given the enormous complexities of land tenure and competing 

land uses. Agriculture and Land-use issues are not the topic of this book and the associated estimates are not 

including in the Figure.  
5
 The McKinsey curve is a map of potential.  The estimates were criticised for the implications in particular of 

very rapid global deployment in low carbon electricity sources, cutting emissions by over 10MtCO2, and also 

large savings in industry; both of these were much bigger than the estimates of the IPCC Fourth Assessment.  

On the other hand, the McKinsey curve was also criticised as being pessimistic in its assessment of the potential 

emission reductions in buildings, where its estimated potential of 3.5GtCO2 compared to the IPCC estimate of 

5.8GtCO2.  McKinsey attributed part of this to differing assumptions about the ‘baseline’, stating that they 

included a higher rate of buildings efficiency improvement in the baseline, because it is so cost-effective.  
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Figure 3 The three realms of opportunity 

 

The general pattern - reproduced in almost all such efforts - comprises three distinct parts of the 
curve:  

 On the left are options which appear to save a substantial amount of money as well as 
emissions, when assessed on a common economic basis (eg. discount rate), but which are not 
currently taken up.  A classic example is better building insulation, though there are innumerable 
others as illustrated. These suggest a potential for smarter choices, in the broadest sense. The 
McKinsey curve suggests that global emissions in 2030 could be cut by almost 5,000 million 
tonnes of CO2/yr (compared to ‘business as usual’) by options which also save more than 
€20/tCO2; the full potential of ‘negative cost’ options is double this.  Broadly, such options thus 
seem to account for around a third of the global potential.  

 In the middle part of the cost curve are proven emission-reducing options with costs that are 
comparable to or more costly than current, carbon-emitting technologies (when put on a 
comparable basis). This is the zone defined by substitution of high carbon by low carbon options, 
and the (carbon) price required to make it worthwhile. These substitution options – including 
some illustrated in the Chart as somewhat negative cost, since the boundary is actually far from 
precise – were assessed to offer the biggest single realm of emission savings, broadly between a 
third and half the total.6 

 On the right are options which appear much more costly at present, but which are identified as 
part of longer term potential. Carbon capture and storage – for which component technologies 
are all known and proven but for which there is little experience at commercial scale – is a classic 

                                                           
6
 The boundary between  first and second realms of opportunity – negative and positive cost – depends amongst 

other factors on the assumed discount rate.  The McKinsey curve assesses options at a 3.5% discount rate. This 

is a rate appropriate to assessing public, risk-free benefits, but gives a misleading impression of the market 

economics of the different options, which would normally be much higher. This would generally increase the 

relative costs of most of the options that involve investment, since low-carbon sources tend to be more capital-

intensive, compared to fossil fuel investments.     
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example. The costs appear high by present standards, so innovation is required; and/or or they 
may reflect costs caused in part for technologies that do no ‘fit’ existing infrastructure.  There is 
obviously is a grey area of overlap with the second realm of opportunity (substitution of proven 
options). In the nature of innovation, it is hard to be confident about the overall scale of options 
that might emerge; the chart was of course confined to specific known options. 

Many academics dislike the McKinsey curve, but interestingly, sometimes for conflicting reasons. 
Specialists in energy efficiency have been doing technical cost curves with negative costs for decades 
and think McKinsey underestimated some of the potentials.7 Most energy economists in contrast 
argue that the ‘negative costs’ on the left-hand side are largely fictitious or irrelevant, for example 
on the grounds that the engineering studies do not consider ‘hidden costs’ or the ‘rebound effects’ 
of energy efficiency.  Fuller understanding of the principles underpinning the First Domain, and the 
experience of energy efficiency policies, shows that such objections are not well founded (Planetary 
Economics, Chapter 4 & 5). The potential is real and valuable.  

The central region of the curve covers almost every extant technology; each has its advocates and 
detractors who dislike the role given to particular technologies (nuclear / large-scale hydro / wind / 
biomass / CCS) etc, and point out that differing assumptions could result in different ordering and 
scales that might lead to their favoured one to being bigger (or render their bête noire unnecessary). 
And on the right hand side, most engineers can think of technologies that should be there, if only 
someone spent the money to develop them properly - McKinsey focused only on reasonably well 
known technologies, not on the potential for more radical innovation to extend the curve further to 
the right, with new options not yet proven.   

Fuller analysis also shows that all three types of potentials are widely spread geographically. The 
opportunities to improve energy efficiency (1st Domain) are rife in rich as well as poor countries; the 
opportunities to use emerging technologies (3rd Domain) in the course of economic development is 
just as large, or even bigger, in the emerging and developing economies.     

Most the critics of the McKinsey curves point out real weaknesses. But they miss an important 
message conveyed by the three parts of the cost curve. These three realms of opportunity are 
associated not just with different costs, but they correlate directly with the three economic 
processes illustrated in the previous section. They are in effect an estimate of the potential scale of 
these processes in the energy sector (over a couple of decades). The data suggest that all three 
matter. The details can be argued over. The point is that such data make it plain, to anyone with an 
open mind, that all three domains deserve serious attention.   

The data in each case points to a conclusion that each domain is not only real, but very significant – 
to a degree which very broadly suggests each to be of similar magnitude concerning energy system 
responses over the next few decades.  In short, the first and third domains are not minor curiosities, 
marginal to the ‘real’ economics. They form an intrinsic and essential part of the landscape.  

Thus the data – when combined with all the evidence that explains the underlying processes as 
covered in Planetary Economics - points to three realms of opportunity, all with huge potential:  

 smarter choices by people or organisations, particularly regarding the way we use energy.8 

                                                           
7
 Most notably, the IPCC Fourth Assessment. The Intergovernmental Panel on Climate Change, which convenes 

leading academics to review the state of knowledge, conducted similar analysis and found an even greater 

‘negative cost’ potential , arising particularly from its analysis of possibilities for improved energy efficiency in 

buildings. .IPCC Fourth Assessment (WG3) 2007.. 
8
 These ‘pareto improving’ choices – which improve one thing without any enduring trade off against loss 

elsewhere – are not confined to energy efficiency, but energy efficiency particularly in buildings is the largest 

and totemic example.   
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 substituting cleaner products and processes, where the economics of prices, market structure 
and investment are at the core, and many of the biggest opportunities lie in changing the 
conversion systems (particularly electricity);   

 innovation and infrastructure investments which reduce the cost of options that are currently 
too expensive, or are not currently available, including large scale developments to exploit, 
convert, deliver and use fundamentally different energy resources. 

The policy question then is what in practice can be done to realise these three realms of 
opportunity.  

Three pillars of response 
This brings us to the final triad: the three pillars of policy responses. Debate on energy and climate 
policy has veered between different preferred approaches: energy efficiency, carbon pricing, and 
technology policy.  Carbon pricing has been the approach most favoured by economists, for perfectly 
good reasons, but has tended to be the one least favoured by politicians and the general public.      

The tangle of competing policy preferences can be mitigated by revisiting the ‘cost curve’ of 
abatement options, and recognising that each of the three main parts corresponds to a different 
type of change that is needed if we are to move towards more secure and less carbon-intensive 
energy systems.  For each of these, there are leading – though not exclusive – policy approaches:  

• Smarter choices can be fostered through appropriate regulations and engagement. 
‘Regulation’ is typified by standards that ensure adequate insulation in buildings, remove inefficient 
products from the market, or require producers to display clear and unambiguous information to 
inform consumers.  Engagement starts with such information and may build upon it in many ways to 
increase attention to, motivate, and facilitate, better choices. This forms the first pillar of policy.  

• Most economic decisions to buy, sell or invest in cleaner products and processes depend on 
markets and prices. Measures that affect absolute and relative prices – including carbon pricing - will 
tend to be the strongest, most effective and efficient lever operating throughout the economic 
system.  In practice their impact will also depend on market structure - many big energy sector 
investments are in sectors (like electricity), which if not directly conducted by state entities, are 
nevertheless strongly influenced by the rules and regulations that shape the market structure and 
related terms of investment.  This forms the second pillar of policies. It also has particularly strong 
spillover effects on the other processes, in various ways charted in the concluding part of this paper.    

• Innovation and infrastructure can be accelerated and guided in low-carbon directions partly 
by price incentives, as shown elsewhere private investment in energy innovation is neither adequate 
in scale, nor likely to lead mainly in a low-carbon direction, unless there is either public involvement 
or other factors influencing strategic expectations (Planetary Economics, Chapters 9 and 10).  
Infrastructure is also crucial.  Hence, the key determinant will be strategic investment – investment 
which, due to public support or other influences, looks beyond the short term returns to invest in 
ways that support the evolution of more efficient and lower carbon energy systems.  

These form the three Pillars of Policy. They are illustrated in Figure 4 in a way that seeks to underline 
that each pillar has a prime focus of impact on the economics processes and opportunities in the 
respective domain, but also influences the others. These interactions are, in fact, not peripheral, but 
central to the overall argument  
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Figure 4 The three pillars of policy  

 

 

 
 

Integrating policy across the three pillars 
Utilising these insights in practical policy will require becoming more sophisticated in our 
understanding of the Three Pillars, and how they may interact.  

The limitations of single pillar policies 

Since the characteristics of energy systems and climate change span all three domains, changing 
course towards a low-carbon economy will involve working across all three pillars of policy 
simultaneously. Indeed, relying on a single domain or process is ultimately self-defeating: 

 A focus purely on increased efficiency is clearly inadequate: success makes it cheaper to do 
things that consume energy or emit carbon, with the consequence of ‘rebound’ as people 
consume or do more in response. There are also likely to be diminishing benefits from efforts to 
bring us ever closer to the ‘best practice frontier’.  Only progress in the Second and Third 
Domains will then expand the scope for new cost-effective energy efficiency options. 

 Relying on price alone is the favoured tool from the classical perspective, as it maximises the 
efficiency of market transactions. Yet it assumes conditions which are not satisfied in the First or 
Third domains, and political obstacles have hugely constrained the pace of introducing price 
measures. In the short run, the extent to which energy demand falls in response to price 
increases is limited (at least without complementary Pillar I policies) and the timescale of energy 
supply system responses to price changes can be decadal. Moreover, the failures in the 
innovation chain blunt any innovation response; if the ‘innovation chain’ is broken (Planetary 
Economics, Chapter 9), energy/carbon pricing will not fix it. The result is that rising prices hit 
consumers – who are voters as well – with rising costs, when they have very limited options to 
respond, and cannot readily identify or relate to the potential benefits, which are more distant 
and nebulous. Prices have the biggest distributional impact of almost any instrument, provoking 
strong opposition.  Relying on price alone risks generating more resistance than positive action.   
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 Purely technology-driven approaches, applied without complementary measures, are also self-
defeating. A key lesson from careful study of innovation is that success requires a mix of push 
and pull forces, and both prove to be weak in the energy sector. If there is no market-based pull, 
technology programmes will have to be entirely driven by the government. The products of such 
innovation will compete with well-established incumbents, which will be in a strong position to 
keep out new entrants. Without pricing, regulation, or actively engaged consumers, it is all push 
and no pull. Without pull there is little market; without a market, innovation will either wither, 
remain confined to the laboratory, or totally dependent on subsidy. Successful Pillar I and II 
policies are required to generate demand for low carbon products and processes.   

 

A traditional idea of policy analysis has been that we can ‘work along the abatement curve’ shown in 
Figure 3, starting with the ‘negative cost’ energy efficiency measures, subsequently introduce a 
carbon price, and then later move on to the higher cost options. We have shown this strategy is 
fundamentally flawed, for multiple reasons. Based on such reasoning around inertia and learning, a 
recent World Bank study pinpointed ‘when starting with the most expensive options makes sense’ – 
which is a far cry from the simple idea of starting at the cheap end of the ‘abatement curve’, and 
working up it to more expensive options over time.9 

We need, in other words, to work with all three domains at the same time, using all the Pillars in the 
smartest way possible.  

Interactions between the pillars 

This will be all the more effective – and compelling - if we also understand more clearly the 
interactions between the Three Pillars. These are summarised in Figure 5. We can start at almost any 
point within the diagram, and work from there. Starting with Pillar I: behavioural/organisational 
measures in the ‘satisficing’ domain will tend to improve energy efficiency, and thereby reduce the 
adverse impacts of Pillar II action (pricing) on consumer bills. ‘Nudging’ consumers should also make 
them more responsive to rising energy prices. “Bashmakov’s constant”, and comparative data on 
energy costs and intensity (Planetary Economics Chapters 1 and 6 respectively) suggests that long 
run responses may be sufficient to keep energy bills roughly constant in the face of rising prices.  

If the scope of Pillar I polices also engage individual preferences from an environmental perspective, 
this may also be a powerful lever for innovation. The role of consumers and leading public figures in 
opening up the market for hybrid cars is an iconic example. Consumer interest in efficiency and 
environmental benefit – especially if aligned with style – may thus have an important potential to 
increase the effectiveness of Pillar III policies.  

                                                           
9
 Vogt-Schilb and Hallegatte 2011. 
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Figure 5 Interactions between the three Pillars 

 

 

Moving to Pillar II – pricing – the interactions are even more striking. Rising prices will raise attention 
accorded to energy wastage (First Domain), thus reinforcing the effectiveness of related Pillar I 
policies. The revenue from economic instruments can also help to fund energy efficiency 
programmes, which for reasons elaborated under Pillar I, can be highly cost-effective, but still 
require public funding. Examples include rollout programmes for building insulation, for example. 
Such programmes typically bring various joint benefits as summarised in the next section.  

Pricing will also interact with strategic Third Domain decisions, and the corresponding Pillar III 
policies. Proper pricing will enhance the incentives for low carbon innovation and the value of 
associated R&D and infrastructure. Rising carbon prices will increase the potential economic gain to 
be made by investors in low carbon innovation. For the reasons discussed in Pillar III, this incentive 
is, however, seriously incomplete - especially in electricity, construction and some heavy industry 
sectors. Consequently, there is also an important role for funding of innovation, including the 
expensive processes of scale-up to accelerate the passage of big technologies through the 
innovation chain. There are additional reasons why policy may put more emphasis on such 
approaches, but again, balance across instruments is the key: exclusive focus on innovation policies 
risks exacerbating lock-in.10 

There is another, less often noted but strategically vital link from second to third pillar policies. The 
response to market prices reveal the real costs of technologies in ways which are far more credible 
than the cost estimates of the engineers and industries involved; after growth and learning, cleaner 

                                                           
10

 Thus, Rozenberg et al (2013) note “Policymakers have good reasons to favor capital-based policies - such as 

CAFE standards or feebates programs - over a carbon price. A carbon price minimizes the discounted cost of a 

climate policy, but may result in existing capital being under-utilized or scrapped before its scheduled lifetime, 

hurt the workers that depend on it, and inflict an immediate income drop. Capital-based policies avoid these 

obstacles, but can reach a given climate target only if implemented early enough. Delaying mitigation policies 

may thus create a political-economy lock- in (easier-to-implement policies become unavailable) in addition to 

the economic lock-in (the target becomes more expensive).”  See also Fuss et al (2012). 
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technologies have frequently turned out to be cheaper than predicted.  Price, and its trend, is a clock 
through which progress and difficulty can be tracked. A rising carbon price also provides a landing 
point for innovation – a clear point at which governments can get out of the business and leave low 
carbon technologies more to broad-based competitive forces (see subsection below, ‘First among 
equals?’).  

Finally, Pillar III policies feedback to other policy domains in numerous ways. Better, more efficient, 
cleaner energy technologies will help consumers respond more effectively to energy efficiency 
policies (Pillar I), and to expand their range of options to respond to prices (Pillar II). All these factors 
helps to reduce the impact of rising carbon prices on bills and on the wider economy, whilst creating 
a clear potential for economic benefit as low carbon industries grow in scale. Indeed, innovation is at 
the heart of managing the long-run costs of tackling a problem as profound as climate change.   

The infrastructure dimensions of Third Domain processes are also crucial in building a low-carbon 
economy. Infrastructure can extend our access to cleaner energy resources, and expand the capacity 
to integrate renewables at large scales. Institutional innovations can increase investor confidence, 
thereby attracting long-run capital. It is also a realm of long-term thinking, including education, 
which can help people to become more informed about both the problems and responses, which in 
turn can feed back to individual preferences and social norms – ie. to First Domain behaviour.  

To stress again however: some Pillar III policies without an appropriate market context and 
interactions risk trying to solve the problems of energy and climate change with the tools of central 
planning. Ultimately, constructive interactions with market forces are key to the success of Pillar III 
policies.   

Diversity and targeting in instruments and decision-makers 

There is no global decisionmaker; indeed there are not really unified national decisionmakers.  The 
universal ‘representative agent’ of most economic models, required to aggregate results based 
usually in response to price, is an approximation which can become deeply misleading when it 
comes to real policy. The Three Domains provide a natural framework also for a first level of 
disaggregation, as discussed in the concluding chapter of Planetary Economics which depicts three 
‘archetypal’ classes of decision-makers:  

 individuals, and consumer-facing organisations for which energy consumption is an incidental 
cost (over which they may have limited control), which hence may be easily eclipsed by other 
factors (many public organisations in the service sector also fall into this class);  

 investment and procurement decision-makers in other companies, typically earlier in 
manufacturing supply chains, many of which have a higher energy intensity and are more 
detached from their final consumers; and  

 public authorities charged with making decisions and policies for the public interest, and 
potentially Board-level decision-making in multinational companies concerning strategic 
development of the firm’s areas of interests.   

 

These three archetypes of decision-maker obviously broadly correlate with the three domains; each 
may take decisions that correlate broadly with the “three pillars”, namely (a) investing effort in 
behavioural or organisational change; (b) investing in specific products (purchases) or projects; and 
(c) strategic investments in a direction of travel or future options.   

In the way that different actors evaluate costs and benefits, there is a link to the fundamental 
economic debates about discounting. Product purchases by consumers will reflect their (usually 
high) discount rates or rapid payback requirements; companies will decide which projects to invest 
in, and their decision will be partly guided by the market interest rates (and cost of equity) they can 
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attract. Indeed, public authorities are probably best advised to evaluate specific project investments 
using hybrid approaches which combine the market cost of capital with social discount rates.11 

Across the matrix of Figure 6, price and quantity play different roles for different entities taking 
different types of decisions.  This is another reason why the economic debate on ‘price vs quantity’ is 
misguided; both are required, because they perform different and often complementary roles for 
different decision-makers taking different decisions.  

 

Expanding Horizons 
Thinking across the Three Domains not only leads us to consider the corresponding diversity of 
policies, their interactions, and the different decisionmakers involved, as sketched in the previous 
section.  More fundamentally, it implies a broadening of horizons, particularly concerning the role 
and design of economic instruments, and the institutional structures required to foster transitions.  

Revenues and ‘Earmarking’ 

Economic instruments generally raise revenues, whether through taxes or through increased 
auctioning of emission cap-and-trade allowances.  The previous section noted one potential 
interaction between pillars as being the use of revenues from economic (Pillar II) instruments to help 
fund activities on the other two pillars – programmes on efficiency and engagement, or financing 
innovation and infrastructure.  

In principle, the most efficient way to spend money should be logically separate from how it is 
raised: for a central, unified decision-maker (notably, a national government) they should be 
separate decision-processes. The classical view is thus that there should be no ‘earmarking’ (also 
known as ‘hypothecation’) of revenue streams for particular expenditures. 

In practice, reality does not conform to this ideal. Gasoline taxes are often used to fund roads or 
public transport infrastructure. Exceptions in the field of climate change include the deal that 
established the UK Carbon Trust, and the set-aside of 300 Million Tonnes of EUETS CO2 allowances, 
to be sold to support the development of CCS and other low carbon technologies. The Japanese 
struggle over carbon tax or cap-and-trade has also largely been a shadow struggle over who gets the 
revenues, and the Waxman-Markey cap-and-trade scheme proposed by the US House of 
Representatives (but never taken to Senate) was suffused with linkage between revenues and 
expenditures.  At the international level, revenues for the Adaptation fund under the Kyoto Protocol 
are obtained in part from a transaction charge on the generation of emission reductions credits 
under the Clean Development mechanism, subsequently extended to encompass all project credits 
under the Protocol.   

So in reality, earmarking of revenues is rife. Much of this has simply been driven by the politics of 
trying to buy out various political constituencies, but there is more to it than this.  

Where there are pure ‘public goods’ (like education or defence), there is a clear case for public 
expenditure, funded by taxation. It makes no sense to raise public revenue from such activities, and 
regardless, these and other ‘public good’ activities generally and inevitably do not make much profit 
that can be taxed.  

Conversely, where there are ‘public bads’, like pollution, the Polluter Pays principle applies as 
indicated, and these activities clearly should not be subsidised.  

                                                           
11

This approach involves amortising investment costs using the market interest rates typical for a company  or sector, but then discounting 

the overall cash flow over time using the governmental social discount rate. In the UK it is known as the ‘Spackman approach’ and is the 
approach recommended by the UK Joint Regulators Group.  
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Energy and climate change seem almost unique in that policy has to deal with an intricate 
combination of ‘goods’ and ‘bads’: charging for pollution whilst supporting energy efficiency, 
innovation and infrastructure.  Moreover, activities on these two pillars (I and III) not only contribute 
directly to the objective of reducing the ‘bads’ (eg. emissions or energy insecurity), they also 
facilitate the use of economic instruments: as shown in Pillar II, the acceptability of carbon pricing is 
intimately connected with the extent of efficiency and innovation, for both consumers and industry.  
Revenue and expenditure are thus logically intertwined.  

Given the importance of all three Domains, the strength of policies across all three Pillars of Policy 
should be directly linked to the perceived seriousness of the problems. Hence, the level of 
expenditure under Pillars I and III should in principle rise along with the appropriate level of Pillar II 
carbon pricing.  

This is the opposite of the classical assumption, in which non-price policies are often seen as second-
best alternatives to proper pricing (and hence are sometimes portrayed as inefficient substitutes, or 
even as being in competition with pricing policies). The fundamental point is that policies across the 
Three Pillars are not competitors, but are complementary.  Hence, there is a perfectly logical case to 
link revenues to expenditures in tackling a problem of this nature. Earmarking at least some 
proportion of carbon-based revenues to expenditures on energy efficiency, innovation and 
infrastructure is not only politically convenient, but reflects the underlying economic structure of a 
public good-and-bad issue spanning all three domains.  It can make sense for pricing ‘bads’ to fund 
the public ‘goods’. 

There are potential distributional (and hence also political) advantages to using the ‘bads’ fund the 
‘goods’. For example if the revenues from pricing emissions from a given sector are in part used to 
fund innovation in that sector, this may help to alleviate competitiveness concerns. It may also of 
course ease the politics: people, and industries, will be less resistant to paying if they themselves 
receive tangible benefits. 

There are however potential and important risks to earmarking, which justify the caution of most 
governments. With good governance and clear principles, linkages between revenues and 
expenditures may compromise both. If all revenues from pricing bads were linked to specific 
expenditures, for example, this would preclude the wider ‘double dividend’ potentially available 
from a shift of taxation away from labour and/or investment taxes.  The biggest risk is if the linkage 
is made too tight, so that emissions pricing is only accepted to the extent that it generates revenues 
for specific purposes. This appears to be part of the story in Japan, which recently agreed a small 
carbon tax reflecting principally a political deal on use of the revenues. Such an approach risks 
making emissions pricing subject to institutional capture (by the recipients of the revenues) and 
divorced from its primary objective – as an economic instrument to reflect the cost of emissions in 
decision-making.   

First among equals?  Expanding the market domain 

Linkages do not only occur ‘horizontally’, between pillars.  Figure 4 emphasised that each pillar of 
policy, whilst impacting most upon one domain, could have spillover impacts on others.  In particular 
that Figure suggests that markets and pricing can have impacts on both First and Third domain 
behaviours. The extent to which they do may in fact depend heavily on how they are designed.  

Given all the drawbacks of excessive reliance on government-directed policies and subsidies, there 
are benefits to maximising to the extent possible the impacts of carbon pricing across the other 
domains – trying to increase the ‘indirect‘ impacts depicted in Figure 4.  This could help to reduce 
the degree of reliance on purely government-driven programmes on energy efficiency, and help 
governments to move beyond transitional technology-specific supports as soon as possible.  
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In practice, carbon markets appear to have had significant behavioural (First Domain) impacts, 
bringing to attention the risks and opportunities associated with tackling climate change.  The cap 
set under the EU ETS also had significant strategic (Third Domain) influence on some of the sectors 
involved, in particularly clearly raising the risk of coal power investment.  However, the relatively 
short-term and volatile nature of the carbon price has hugely undermined its relevance to specific 
low carbon investments, and indeed removed much of the attention impact. 

This increases further the case for a ‘hybrid’ design of cap-and-trade systems, to combine a quantity 
goal expressed through the cap, with a price floor or corridor or similar adjustment mechanisms 
(Planetary Economics, Chapter 7).  

The main argument traditionally has concerned increasing robustness in the face of external (and 
partly policy-driven) uncertainties, to reduce risks for investors.  Stepping back to consider the role 
of prices and quantities across the three pillars shows multiple additional reasons for hybrid price-
and-quantity instruments. The approach reduces price volatility and thus enhances revenue stability, 
establishes a minimum base which is essential if governments are to budget and plan rationally to 
make the best use of revenues.   The price element – if stabilised - is most relevant to product and 
project investments. But the quantity element is more relevant to strategic investments – how big 
the market may be for low carbon innovations, and whether to invest more in grid infrastructure to 
accommodate a projected scale of renewables, for example. However, targets on their own lack 
credibility, without an implementation mechanism that can ultimately translate them into economic 
signals: a cap-and-trade system gives market credibility to targets.  

A hybrid design can also better accommodate the multiple motivations and concerns of consumers, 
for both economic and environmental improvements, because the gains of emission-reducing 
actions are potentially shared between cost (carbon price) reduction, and actual emission savings 
(withdrawal of allowances).  

Considerations of uncertainty work in both directions, and across all pillars.  A pure quantity 
approach to economic instruments is even more exposed in the presence of the multiple pillars.  As 
articulated clearly by the International Energy Agency, multiple instruments mean that the weight 
carried by carbon pricing (Pillar II) is itself intrinsically more volatile, since it carries the ‘residual’ 
after the impact of the other pillars.12 With a hybrid design, the quantity goal does not only act as 
strategic guidance, or to enhance confidence as compared to a pure carbon tax (which can be more 
easily revoked in budget cycles). It is also an insurance against delivery uncertainties in the other 
domains. If energy efficiency or technology-pull policies deliver more than expected, a price floor 
has set a bottom line level of reassurance to other low carbon investors; and if other policy pillars 
deliver less than expected, this will be compensated by a rise in the carbon price required to ensure 
that the economy remains on a pathway to the long term goal.  

The impacts of pricing and markets on First and Third domain behaviours will however be most 
amplified by enhancing their long term clarity and credibility.  This would have the effect of aligning 
private and public gains over a much wider sphere, by increasing confidence that more of the long-
run Third Domain public benefits will be realisable by private investors in the transformations 
required. A good design of economic instrument, combining hybrid elements of quantity and price 
with a base price that rises strategically, has potential to increase the breadth of alignment between 
private and public gains, and thus start to reduce the reliance needed on direct government 
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 The International Energy Agency amongst others have already highlighted the relevance of ‘complementary 

instruments’ akin to the three Pillars.  In their key publication on this, Hood (2011) goes on to illustrate 

schematically how an equal contribution from each of the three pillars means that the carbon pricing pillar is 

potentially exposed to far greater volatility in the face of baseline uncertainties, if it bears the ‘residual’ after the 

contribution of other pillars is fixed.  
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programmes to deliver the latter. Thus, the importance not just of carbon pricing, but its effective 
and strategic design. 

At first sight, this appears impossible with hybrid instruments. Scientific constraints imply a need for 
a long term quantity emissions goal–in which case the price cannot and should not be fixed. Yet 
what could in principle be fixed is the underlying logic – that the base carbon price should rise, until 
the long-run goal of securing a stable climate is achieved.   

The ideal would be for this principle to be anchored in an international agreement. Even without 
that, translated at national level, countries can set a long term national emissions goal, reflecting a 
sense of their share of the global effort, and commit to a price floor designed and reviewed 
periodically to rise until that goal is achieved.  That in itself would enhance strategic certainty for 
investors about the direction of travel of a minimum carbon price, as well as giving more force to the 
long term quantity goal.  

The carbon price would thus become a base level across the economy. Countries wanting to use 
market forces more extensively can use cap-and-trade to allow the price to vary above this as 
needed to deliver the goals.  Other, more targeted and overtly transformational instruments, can 
also build on the base to share the heavy lifting. The result is a combined strategy to accelerate 
efficiency, innovation, and infrastructure investments – the other realms of opportunity that are 
equally essential to the transition because they enable the system to respond better to rising prices.  

Conclusion  

A problem on the scale of energy and climate change requires us to understand three different 
domains of human behaviour, and develop policies attuned to those domains. Each is underpinned 
by different areas of theory and evidence, and implies a different pillar of policy.  But the real key is 
then to bring things together to look again at the whole.  We need to understand not only each 
component, but how the three domains and fields of theory relate to each other, and how the three 
pillars of policy can complement and reinforce each other. Policy based on any one of the pillars 
alone is unsustainable. That is why policy based on traditional economic theory has struggled so 
badly - as have those that sought to reject it. Only by understanding the combined forces of 
behavioural realities, markets and price, and innovation and infrastructure together can coherent 
responses be built to change course, in ways that ultimately will benefit all. 
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