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Abstract:
This paper problematizes the process of industrialization in energy-metabolic terms as a shift from solar energy
traditional biomass systems to systems based on fossil fuel sources   starting with coal and then moving to oil
and natural gas. This is the sequence moved through by Europe, the USA and Japan, and now to varying extents
by countries in a process of transition to modern growth. But this process cannot proceed in an orderly fashion
up to the point where the whole of the world is industrialized/modernized, because of linked problems of energy
security, economic security and environmental security arising from the use of fossil fuels. Renewable energies
pose an alternative development pathway, but one that is blocked by high costs and prices and   where developing
countries can produce modern biofuels   by trade barriers erected by the developed world. Carbon taxes and
cap and trade schemes that raise prices of fossil fuel energy systems can provide the means for advanced
countries to make the transition away from fossil fuels, but they act as yet another barrier for developing countries
in that they raise the cost of fuels. Instead global solutions are needed, involving opening markets of advanced
countries to biofuels and bioenergy, and creating carbon credits for all renewable energy initiatives undertaken
in the developing world, particularly in China, India and Brazil. The paper sketches an outline of how such a
solution might work. 
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Abstract 
This paper problematizes the process of industrialization in energy-metabolic terms as a shift 

from solar energy traditional biomass systems to systems based on fossil fuel sources – 

starting with coal and then moving to oil and natural gas. This is the sequence moved through 

by Europe, the USA and Japan, and now to varying extents by countries in a process of 

transition to modern growth. But this process cannot proceed in an orderly fashion up to the 

point where the whole of the world is industrialized/modernized, because of linked problems 

of energy security, economic security and environmental security arising from the use of 

fossil fuels. Renewable energies pose an alternative development pathway, but one that is 

blocked by high costs and prices and – where developing countries can produce modern 

biofuels – by trade barriers erected by the developed world. Carbon taxes and cap and trade 

schemes that raise prices of fossil fuel energy systems can provide the means for advanced 

countries to make the transition away from fossil fuels, but they act as yet another barrier for 

developing countries in that they raise the cost of fuels. Instead global solutions are needed, 

involving opening markets of advanced countries to biofuels and bioenergy, and creating 

carbon credits for all renewable energy initiatives undertaken in the developing world, 

particularly in China, India and Brazil. The paper sketches an outline of how such a solution 

might work.  
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Energy flows and the process of industrialization 

 

1. Introduction 

 

Energy and industrialization are indissolubly linked. Studies of the process described as the 

Industrial Revolution in Europe reveal that it was fundamentally a shift in socio-metabolic 

regime from a closed agrarian system based on solar energy input to an open, expansionist 

regime based on fossil fuels as energy input. Initially the fossil fuel tapped was coal, allowing 

Britain to be the first country to break free of traditional energy constraints. Its example, and 

the use of fossil fuels (initially coal, and then oil and gas) was quickly taken up and 

propagated elsewhere, in Europe and in the US, and then more widely (Sieferle 2001).  

Now the world finds itself in the midst of the extension and propagation of this phenomenon, 

in the process we call industrialization. After the successes of East Asia in the second half of 

the 20th century, it is now the turn of China, India and Brazil to move up the ladder of 

development, each with their own distinctive pattern – China as manufacturing ‘workshop of 

the world’, India in IT and software services, as the ‘back office of the world’, and Brazil as 

agri-industrial giant, the ‘farm of the world’. Yet even today the significance of energy to this 

world-historic transformation is little understood. A search of the articles in World 

Development published over the past 25 years reveals only a handful that mention ‘energy’ in 

the title or the abstract.  

 

Likewise in the case of the Goldman Sachs report, Dreaming with BRICS: The path to 2050, 

which made the widely noted prediction that by 2050, China would be the world’s largest 

economy, India the 3rd largest, and Brazil the 5th largest. This report (Goldman Sachs 2003) 

was a wake-up call for many – yet curiously, it makes no mention of energy – not of fossil 

fuels, nor of any other renewable energy resource. But with the double influence of peaking 

of global oil supplies, and of the rising apprehensions related to emissions of greenhouse gas 

emissions, such neglect of fundamental energy questions is no longer feasible. 
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Fossil fuels opened up a cornucopia for the early industrializers. Rolf Peter Sieferle captures 

the effect neatly in calling the fossil fuel reserves a ‘subterranean forest’ that vastly expanded 

the energy resources available to the early movers. These resources gave them a lead over the 

rest of the world that has become institutionalized and maintained for decades. The great 

drama of industrialization, now captured in the modernization of China, India and Brazil, 

concerns the continuing efforts of these latter countries to tap into the cornucopia for 

themselves. But here they encounter problems that were evaded by the early movers in 

industrialization. They encounter problems in terms of energy security, economic security, 

and environmental security.  

Fossil fuels supplies are no longer as ‘infinite’ as they once seemed. While coal deposits still 

seem to be large relative to demand, and are driving the industrialization of China just as 

surely as coal drove the industrialization of the UK and the US, oil production now appears to 

be reaching the half-way mark (or approaching its ‘peak’) with gas only a couple of decades 

behind; this means that energy security for any country betting its future on fossil fuels is 

problematic.  

Coupled to this is the problem that over the longer term, fossil fuel prices are bound to rise 

(reflecting their approaching scarcity and greater difficulties in extraction, combined with 

growing demand) and thus for any country that is increasingly dependent on oil and gas 

imports these increased prices can spell ruin for a development strategy based on fossil fuels.  

Thirdly there is the novel realization that as fossil fuels are burned, so they release carbon 

dioxide into the atmosphere and drive global warning. Thus the pressures for restraint in 

fossil fuel use are bound to become intense, not least from the very countries that have gained 

enormous benefits from unrestrained combustion of these fuels in the past. While the 

advanced countries can utilize various instruments such as carbon taxes and ‘cap and trade’ 

schemes to limit fossil fuel use in their own countries, the use of such tools in China, India or 

Brazil would represent just another barrier in the way of their industrialization.  

The coming together of these three problems, each of which is a major issue in its own right, 

creates in their interactions a ‘perfect storm’ of unprecedented scale. So here is the 

conundrum of our time. As we come to understand the process of modernization, based on 

industrialization, as an epochal transformation that liberates countries from centuries of 

traditional constraints, the goal itself seems to recede. The fires that drove the first 

breakaways, in the UK, Europe and the US, were driven by coal and then by other fossil fuels 
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– by the ‘subterranean forest’ that they were able to tap into. But as the rest of the world 

seeks to go down the same path, and globalize the cornucopia of fossil-fuelled 

industrialization (thereby creating a ‘carbon copy’ of the advanced world), it becomes 

apparent that its benefits cannot be shared around. Global warming presents the global 

barrier, while local barriers present themselves in the form of growing shortages of fossil 

fuels and rising prices, spelling ruin for countries that find themselves dependent on fossil 

fuel imports. How then to break out of this conundrum? 

This is the topic of this paper. We start by establishing the centrality of energy and fossil 

fuels to the process of industrialization, as it unfolded historically. We proceed by arguing for 

the continuing centrality of energy to industrialization today – in the face of widespread 

indifference or ignorance of the issue on the part of the social science literature. We then 

confront the central dilemma – how to move both the developed and developing countries 

away from the fossil fuel cornucopia to a new socio-metabolic foundation in terms of 

renewable energies, without sacrificing the development potential of the industrializing 

countries. In the advanced world a combination of carbon taxes and ‘cap and trade’ schemes 

can be expected to have a dramatic effect, by driving up the price of carbon-based energy as 

opposed to renewable solar, wind and bioenergy. But this cannot and will not work in 

developing countries, which need to industrialize on the basis of the cheapest fuels in order to 

capture latecomer advantages.  

A way around this dilemma is proposed. Taking an innovation and industrial dynamics 

perspective on the issue, infused with Schumpeterian insights, a solution is proposed in terms 

of driving the uptake of renewable energies where they are most needed, in developing 

countries. If they cannot be cheaper than fossil fuels, and if the playing field cannot be 

levelled through carbon taxes, then the attractiveness of renewable energy technologies can 

be enhanced preferentially through the creation of carbon credits. Basically, the creation of 

carbon markets in the North can be complemented by the creation of carbon credits in the 

South, allowing the countries of the South to benefit from a shift towards renewable energies. 

This is of course the basic idea behind the Kyoto Protocol’s Clean Development Mechanism 

(CDM) – but it has been halting and miniscule and fragmentary in its progress. What is 

needed is accelerated growth in the size of the global carbon market, to the tune of trillions of 

dollars, and corresponding growth in the obligations on firms in the North to purchase carbon 

offsets which they will only be able to do by purchasing carbon credits from firms in the 
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South that are introducing renewable energies. Such an approach can be expected to drive 

innovation in both North and South and create new industries based on renewable energies in 

industrializing countries, to provide an alternative to the industries currently being built based 

on fossil fuels. 

Just as Schumpeter clearly understood that credit creation (by banks and financial 

institutions) is the key to the health and prosperity and growth of the capitalist system, so I 

argue in this paper that the key to resolving the energy, industrialization and global warming 

conundrum will lie in the creation of carbon credits, by both the private sector as well as by a 

future post-Kyoto global authority. In this way economic growth can continue, for both 

developed and developing countries, but on an energy foundation that is increasingly 

renewable rather than based on non-renewable fossil fuels. Such a renewable energy 

foundation will then pave the way for an economic system that is able to live within its 

material resources and energy income – in a truly sustainable fashion (Haberl et al 2004; 

Ayres 2008). 

 

2. Traditional energy-metabolic systems and the Industrial Revolution  

 

Clark (2007) begins his masterly survey of world economic history with a simple chart, as 

follows. 

Fig. 1 about here 

The chart reveals income in the UK to have hovered around the same level for hundreds of 

years, then to have suddenly taken off and increased exponentially, after a transition termed 

the ‘Industrial Revolution’. By extending this chart to other countries, Clark calls it a 

summary description of world economic history. Basically, prior to the Industrial Revolution, 

all countries, even the wealthiest such as India and China, were imprisoned in a ‘Malthusian 

trap’ where any local increase in income was absorbed by increases in population.  

The argument goes that – just as Malthus propounded in the 1820s, in a paper that may be 

regarded as the founding document of modern political economy – in a traditional society, 

population, resource use and agricultural output were held in a very tight balance, with 

incomes from the use of labour, the investment of capital and the rent of land (or natural 

services) likewise being held in check against each other. The irony is that Malthus, Ricardo 
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and, in their differing ways, Mill and Marx all devised the workings of this traditional system 

just as it was being exploded from within by a new kind of socio-metabolic regime, based on 

fossil fuels.  

The key to opening the Malthusian trap lay in the tapping of fossil fuels, initially coal. The 

18th century in England and Wales witnessed a long drawn-out battle to move off a dwindling 

wood- and charcoal-based fuel supply towards a new supply based on domestically produced 

coal. This transition was found to be extremely difficult and onerous, as one sector after 

another battled with experimental innovations to find ways to substitute for wood (the last, 

and most significant, being iron works) and as cities led by London found ways to substitute 

coal for wood in domestic heating. Output drastically increased while real prices were kept 

more or less constant (Flinn 1984). The transition was fought every inch of the way, and was 

widely viewed at the time as a retrograde step, a step backwards and a loss of civilization. 

Yet commercially it was imperative, and this is what drove it, with costs and prices operating 

in a free market as the drivers (Sieferle 2001; Schandl and Krausmann 2007).  

By the end of the 18th century Britain was largely operating on a coal-based energy system 

and it was this that unleashed a flood of technical innovations and improvements in 

productivity that usually go by the name ‘Industrial Revolution’. These innovations in turn 

generated incomes that outpaced population growth, thus providing the means to escape the 

Malthusian trap – for the very first time. This unexpected success in the UK then generated 

wave after wave of emulation, first in Europe and in North America, and then further afield, 

as other countries sought to break out of the same Malthusian trap through the same process. 

This then is the key to modernization based on industrialization. 

As Sieferle (2001) and others such as Wrigley (1962, 1988) and Pomeranz (2000) argue, it 

was the preceding shift away from wood and traditional biomass to fossil fuels, led by coal, 

that laid the foundations for the subsequent innovations in technology and in sociotechnical 

systems such as the factory system. Interestingly, Clark himself maintains a strict social 

scientific explanation of the shift, locating the key factor in England as an evolutionary shift 

towards commercial outlook on the part of the richer strata. But even so, the rise in material 

and energy flows induced by a shift to fossil fuels can hardly be doubted. The cases of the 

UK as the first country to break out of the Malthusian trap, and of Austria as a fast follower 

in Europe, are shown in Figure 2. 

Fig. 2 about here 
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Austria had a slight energy gain per capita over the UK in 1830 because it was still tied to 

wood as a fuel, but the UK rapidly pulled ahead based on coal, and Austria too made the 

switch over the course of the 19th century. It is this shift towards fossil fuel sources that can 

be described as the emergence of a new socio-metabolic regime, unleashing the cornucopia of 

fossil fuelled energy – or what Sieferle aptly calls the ‘subterranean forest’.1 It was Sieferle 

who pointed out that by the late 19th century Britain was drawing on an energy resource 

through coal that extended to an equivalent wood-based land mass that covered more than 

seven times the extent of its own domestic land area. This is a measure of the vast increase in 

energy resources that fuelled the Industrial Revolution, and opened the way to modernity.  

  

3. Constraints to Cornucopia: Emerging problems with fossil fuels 

Just as emerging giants like China, India and Brazil seem to be firmly committed to a 

pathway of industrialization and modernization, based – as in the countries that preceded 

them – on fossil fuels, some ‘inconvenient truths’ have begun to make themselves felt. These 

can be grouped into three sets, encompassing energy security, economic security and 

environmental security. 

a) Energy security 

Security of energy supplies and of oil in particular as an issue has been sharpened by the 

growing realization that oil supplies globally are peaking – that is, reaching the half way 

mark in their total exhaustion. It is not the end of the oil era – but the end of the era of cheap 

oil. This is the significance of the debate over ‘peak oil’. The Association for the Study of 

Peak Oil argues that peaking is imminent – or that it can be expected during the current 

decade (Fig. 3) 

 

Fig. 3 about here 

 

The influential Hirsch report to the US Department of Energy in 2005 stated the position 

clearly: 

                                                 
1  German and Austrian authors associated with this school of thought include Rolf Peter Sieferle, Marina 
Fischer-Kowalski, Heinz Schandl, Helmut Haberl, Helga Weisz and Fridolin Krausmann.  
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‘The peaking of world oil production presents the U.S. and the world with an 

unprecedented risk management problem. As peaking is approached, liquid fuel prices 

and price volatility will increase dramatically, and, without timely mitigation, the 

economic, social, and political costs will be unprecedented. Viable mitigation options 

exist on both the supply and demand sides, but to have substantial impact, they must 

be initiated more than a decade in advance of peaking.’ 2 

 

Thus countries in the throes of industrialization, largely fuelled by oil and gas as well as coal, 

now face the challenge of what to do about energy supplies that are starting to look 

vulnerable to exhaustion. It was always clear that the fossil fuel era would be transitional – 

but it wasn’t clear how soon this would come about.  

b) Economic security 

Coupled to the imminent peaking of oil supplies, there are problems stemming from the over-

reliance on imported oil created when oil supplies were seen to be cheap. For a developing 

country, it is all the more perverse to neglect the alternative fuel option while imports of oil 

are placing an ever-increasing burden on the country’s balance of payments. Brazil has 

estimated the savings on its fuel import bills since the launch of the Proalcool program to be 

of the order of $50 billion per year – which is far larger than the country has spent in 

promoting domestically produced ethanol. Likewise the savings for China and India in 

foregone oil imports would be of the order of hundreds of billions of dollars – the difference 

between success and catastrophe in their development efforts – if they can organize 

alternative non-fossil fuel supplies. Since indebtedness problems are a major barrier to 

industrialization, the relief of debt through displacement of fossil fuel imports represents a 

major strategic shift.  

  

China’s own domestic supplies of oil peaked in the early 1990s, and so the country became 

dependent on oil imports – just like the USA 20 years before. The imports of oil needed by 

China have been rising inexorably ever since – as revealed in Fig. 4. The situation is even 

worse in India, as shown in Fig 5, where imports are expected to exceed 75% of the country’s 

                                                 
2  Hirsch 2005, Introduction, p. 4. Available at: 
http://www.netl.doe.gov/publications/others/pdf/Oil_Peaking_NETL.pdf 
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requirements by 2010. This is why an alternative energy foundation for their economies 

solution has to be put in place by these countries.  

 

Figs 4 and 5 about here 

The poorer the country, the greater its dependence on fossil fuel imports, and the greater its 

vulnerability to oil price increases. This is the untold story concerning oil price rises: while 

they may represent a boon for biofuel producers, they represent a catastrophe for most 

developing countries. For the wealthy countries (OECD non-oil producing countries) oil 

imports represent around 2 percent of GDP. But for poor non-oil producing countries, the 

proportion is closer to 10 percent. The poor countries are five times as vulnerable. 

 

c) Environmental security 

There is by now an increasingly insistent awareness that the planet faces a crisis of 

unprecedented magnitude due to climate change, and that there are at most one or two 

decades within which major changes can be set in train to reduce emissions of greenhouse 

gases – mainly carbon dioxide produced from the burning of fossil fuels. There is a growing 

consensus that if major changes are not set in place by 2020, and are having the effect of 

actually driving down GHG emissions, then the planet faces a man-made catastrophe. The 

most recent authoritative statement on the topic, by the Intergovernmental Panel on Climate 

Change, is clear: ‘Most of the observed increase in globally averaged temperatures since the 

mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas 

concentrations’ – where ‘very likely’ is taken to mean with 90 percent probability.3  Most 

informed observers are now coming around to the view that the debate over whether climate 

change is caused by humans is settled; the issue is what is to be done about it. The abrupt 

increase in emissions that coincides with the Industrial Revolution, is shown in Figure 6. 

Fig. 6 about here 

 

                                                 
3  IPCC (2007): Intergovernmental Panel on Climate Change, Fourth Assessment Report, “Climate 
Change 2007: The physical basis”, Summary for Policy Makers, p. 10. Available at: 
http://www.ipcc.ch/SPM2feb07.pdf 
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These then constitute the three urgent problems facing countries dependent on the fossil fuel 

energy-metabolic system. Individually they are bad enough; together they form a systemic 

crisis of planetary scale. What has to be done is known already: the fossil fuel regime needs 

to be phased into a post-fossil fuel regime based on renewable energies. But can it be done 

fast enough or in such a way that the development prospects of late-industrializing countries 

are not blighted? What is a likely set of scenarios for the transition to a new energy regime, 

one based on a renewable energies socio-metabolic regime? One view of the likely transitions 

is contained in Figure 7, drawn from scientists at the IIASA in Austria. 

Fig. 7 about here 

 

These projections see the world as a whole transitioning to various renewable energy options 

by the year 2100. However this may be an optimistic scenario, given the barriers that stand in 

the way of a transition away from a fossil fuel trajectory not just in developed countries, but 

even more significantly in developing countries.  

 

4. The promise of renewable energies and obstacles to their uptake 

 

By now there is widespread agreement that the 21st century will belong to renewable energies 

– a vast set of industries that is set to play a role comparable to the oil and petrochemicals 

industries of the 20th century. Over the past decade investment in a range of renewable 

energies – encompassing solar thermal, photovoltaic, wind energy, geothermal and various 

kinds of bioenergy – has shifted from being considered marginal to becoming central to a 

nation’s future (Pacala and Socolow 2004; Ren21 2008). The new Obama administration in 

the US is exemplary in its adoption of a renewable energies program, which promises to 

transform the energy metabolism of the US, and of other countries as its effects are 

propagated.  

The interesting issue is that renewable energy initiatives are not confined to the developed 

world, in the classic process whereby innovations are created in the advanced world and then 

diffuse (through imitation and emulation by latecomers) to the rest of the world. Instead, we 

see the industrializing countries taking their own initiatives, as well as taking up innovations 

developed in the advanced world. These initiatives call for interventionist industry policies to 
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kick-start new renewable energy industries, such as those based on growing and distilling 

biofuels; or on capturing solar energy; or building wind farms and kick-starting domestic 

industries to produce PV solar cells and wind turbines. But more than this such initiatives call 

for sophisticated design of the institutional settings in which a transition to utilization of 

renewable energy may be effected – from mandating the use of biofuel-petroleum blends, to 

mandating rising proportions of electric power generation from renewable sources; to 

sophisticated tax measures that offer incentives to move towards energy conservation and 

efficient fuel usage and disincentives to inefficient fuel, and to creating incentives to 

encourage firms to become active in the supply chains that feed renewable energy supply 

systems.  

The pattern of development of renewable energy sources in developing countries is likely to 

follow its own ‘latecomer effect’ logic. As renewable energy industries are established, so 

they are likely to drive industrial development through linkages and complementarities. 

Biofuels and renewable energies sector promises to play the role of a critical ‘development 

bloc’ for Brazil, India and China in the first instance, and for wider swathes of developing 

countries through the tropics more generally. The category of development bloc was 

introduced and defined by the Swedish development economist, Erik Dahmén in 1950, based 

on his studies of entrepreneurship in the Swedish economy (Dahmén 1950/1970; Dahmén 

1989). He defined it as “sequences of complementarities which by way of a series of 

structural tensions, i.e. disequilibria, may result in a balanced situation” (1989: 111).  Such a 

suprafirm system provides a striking description of how firms may collectively strategize, 

and build on each others’ efforts to improve their own prospects.  Carlsson and Eliasson 

(2003) took up the concept and renamed it competence bloc – to emphasize that such a 

collective capability is needed to support and sustain technological innovation. If the 

technological system represents the supply side of industrial dynamics, then the development 

bloc or competence bloc represents the demand side.  

 

A development bloc thus represents the systemic counterpart to the consideration of market 

demand as well as supplier competence in the microdynamics of technological trajectories. It 

generates the forward and backward linkages that can drive industrial development. 

Development blocs formed around value chains involved in renewable energy production and 

bioenergy are precisely the kinds of industrial templates needed for development in 

industrializing countries. Countries like Brazil are pouring innovation efforts into improving 
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the cost basis of their biofuel and bioenergy production – as shown in Figure 8. And 

renewable energies are already providing the business around which transnational 

corporations from the South are forming – as demonstrated by such as cases as Petrobras and 

Bunge from Brazil (in biofuels); Suzlon from India (in wind turbines manufacturing); and 

Suntech Power  from China (for photovoltaics production).  

 

Fig. 8 about here 

 

Obstacles to propagating the industrialization process and uptake of renewable energies 

Consciously or perhaps even unwittingly, the developed countries that have reaped the gains 

from the fossil fuel cornucopia are now making a transition to renewable energies more 

problematic, by placing obstacles in the path of industrializing countries from doing likewise.  

 In the first place, the advanced countries, individually and collectively, still offer little or no 

investment assistance in the way of investment in renewable energy options. China for 

example is grappling with a potential catastrophe in terms of continued investment in coal-

fired power stations, yet nothing is done by the rest of the world to assist a transition to an 

alternative. India too is grappling with a similar problem, combined with under-investment in 

infrastructure generally. Improvements to basic industrial processes including iron and metals 

smelting, cement production and power production could harvest huge gains in lowering 

greenhouse gas emissions while building a solid base for future industrial development.  

Moreover, when tropical industrializing countries take steps to develop bioenergy industries, 

which have the potential (at least) to be a partial solution to global warming, they are actively 

discouraged. As fast as countries such as Brazil generate new options for alternative biofuels, 

the countries of the developed North close ranks to block their import, through trade barriers. 

Already there is substantial momentum behind the enactment of subsidies to encourage 

production of ethanol in northern temperate climates – from corn in the US and from sugar 

beet in Northern Europe – where the costs of producing the final product are far higher (two 

to three times) than in India or Brazil. It would make so much more sense for the developed 

world to produce ethanol on a small scale for their own energy security, and import the bulk 

of their supplies from tropical countries in Asia, Africa and Central and South America.  
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Many of the OECD countries already have erected trade barriers against biofuels from the 

South, in a mindless expansion of tariff barriers against foodstuffs. The US, for example, 

operates a tariff of $0.54c per gallon against ethanol imports, at the behest of corn-belt 

ethanol producers. In addition there are substantial subsidies paid by state and federal 

government programs and tax breaks offered to these producers.4 Strong as the case for 

dismantling such trade barriers is, the US and the EU still buckle under to fossil fuel 

pressures and block attempts to have them dismantled.5  

 

The range of issues that are raised by the prospect of the North sourcing biofuels from the 

South are such that they would be unlikely to be resolved by market forces alone. A 

comprehensive agreement, negotiated between the countries of the North (i.e. the OECD) and 

countries of the South, as a trade agreement to be certified and registered with the WTO, 

presents itself as an alternative way forward. The difficulties involved in achieving such a 

trade agreement (or Biopact) should not be under-estimated. What makes the whole process 

feasible is the driving, objective necessity faced by the North in having to find an alternative 

to petrofuels, and find one that has an impact within the next decade.  

 

As a third example, consider the case of rainforest preservation, where the developed North 

has a clear and unambiguous interest in offering incentives to the poorest countries to 

preserve their heritage on behalf of the planet – rather than simply denouncing them as 

deforestation vandals. (This is after the developed North has destroyed all its own forests, be 

it noted.) Tropical developing countries preserve for the earth as a whole a vast public 

resource in the form of conserved rainforest which acts as a powerful carbon sink. According 

to the UNFCC, if this rainforest is cleared (which is happening now at a rate of 1-2 percent 

per year) then it releases carbon emissions (from loss of carbon sink as well as release of 

                                                 
4  These subsidies are received largely by agri-industrial groups such as the privately-owned giants, 
Cargill or Archer Daniels Midland (ADM). According to a recent report from the European Global Subsidies 
Initiative, the subsidies paid to US ethanol producers currently amount to US$5.1 billion per year (GSI/IISD 
2006). 

5  For example, the International  Herald Tribune reported in November 2007 that the US and EU were 
blocking a Brazilian attempt to have biofuels classified at the WTO as ‘environmental goods’ and thus subject to 
lower tariffs. See: http://www.iht.com/articles/ap/2007/11/05/business/EU-FIN-ECO-WTO-US-Biofuels.php 
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carbon through burning) amounting to 25 percent of total planetary carbon emissions. Yet 

there are currently no mechanisms in place to offer tropical developing countries any 

incentive for preserving these important carbon sinks.  

The Kyoto Protocol excludes deforestation issues, even from the Clean Development 

Mechanism, whereas re-afforestation after clearing is rewarded in the form of carbon credits. 

The perversity of such a situation scarcely needs underlining – as discussed by Stern (2006). 

While some proposals from developed countries have canvassed the possibility of 

exchanging debt relief for forest conservation, some serious proposals have emerged from 

tropical developing countries themselves which engage with carbon control issues. An 

ambitious proposal has been advanced by the Coalition for Rainforest Nations (led by New 

Guinea and Costa Rica) that envisages carbon credits being allocated to such countries 

exchangeable in international carbon markets. This latter proposal, by applying to the country 

as a whole, gets around the feared ‘loophole’ that would see compensated projects simply 

being substituted by new projects in the same country. Such carbon credits could generate 

financial flows that would offer serious compensation to countries for denying themselves the 

short-term benefits flowing from forest clearing, and provide them with the international 

backing needed to stop illegal deforestation.6 

So there are plentiful obstacles erected in the path of developing countries looking to make 

their own way towards an energy trajectory based on renewable energy sources – some of 

which may be in the process of being lifted (such as moving beyond zero incentive to restrain 

forest clearances). But the process is extraordinarily slow, and in some cases is moving 

backwards. What is needed is a kick-start that will drive the process towards planetary 

solutions – and fast. 

                                                 
6  At the Bali COP13 meeting in December 2007, a step was taken towards including provision for 
rainforest preservation in a post-Kyoto treaty, in the form of  an agreement on Reducing Emissions from 
Deforestation and Degradation (REDD), that outlined a new mechanism for paying local communities in 
developing countries to preserve their forest. This would be a key part of the final post-2012 climate agreement 
to staunch the enormous emissions from logging and burning tropical rainforest – around 20 per cent of total 
worldwide emissions each year. Carbon credits would be generated for trees left in the ground on the basis of 
their carbon storage value. It was agreed at Bali that initial work would be done by the UNFCCC scientific and 
technical body to study how best to measure current deforestation rates and carbon storage levels in forests, and 
how to verify emission savings from preservation efforts.  
See: UNFCCC decision paper [PDF 100 KB] 
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5. Moving to a low-carbon economy 

There is little doubt concerning the way forward in transitioning beyond a fossil-fuel (high 

carbon) economy towards a renewable energy (low carbon) economy. The tools available are 

well known and understood – if little implemented to date. They encompass carbon taxes, 

which impose a price on carbon emissions to the extent that firms elect to allow emissions 

from their processes; or ‘cap and trade’ schemes which impose an overall cap on emissions 

and allow for trading in permits to emit up to a certain level. There are also hybrid schemes, 

which combine the most promising features of a cap and trade scheme and a carbon tax.  

A tax on carbon emissions sheets home the problem to where it originates, making the 

polluters pay. But a tax also has its drawbacks, such as its falling most heavily on the most 

entrenched carbon emitters, giving them few political options other than to oppose it – which 

they have done very effectively for the past decade and more, and would no doubt continue to 

do so. On the other hand a permit system, under which tradeable permits can be allocated to 

the most intensive carbon emitters (at less than their current output) has the virtue that it sets 

overall targets and allows trade in permits up to that level.  

The hybrid scheme that combines a system of carbon permits with a tax at the margin 

(achieved through the sale of short-term carbon permits) is one promising way to get the 

developed world past the Kyoto roadblock. It gets around the endless debates over whether 

quantitative or price-guided targets are preferred. The answer is that both are needed. This is 

the basis for a hybrid scheme that has been proposed and analyzed for a decade now by 

scholars such as McKibbin and Wilcoxen; Pizer; Aldy, Orszag and Joseph Stiglitz.7  Hybrid 

schemes have the advantage of being national in scope, so that tradeable permits have an 

origin that is subject to national jurisdiction and control with the national government 

implementing it in such a way that it conforms to the country’s legal and institutional 

endowments – but maintain the option of allowing for international trading.8 But if hybrid 

                                                 
7  See McKibbin and Wilcoxen (2002); Pizer (2002); and Aldy, Orszag and Stiglitz (2001) for 
fundamental discussions of the hybrid approach and its efficiencies. Aldy, Barrett and Stavins (2003) discuss the 
hybrid approach and contrast it with other global climate policy architectures.  

8  This is such schemes’ advantage over the Kyoto system where permits can be created internationally 
from notional entitlements, such as Russian ‘hot air’ arising from its emissions in the mid-1990s being below its 
1990 levels, as discussed by Victor and House (2004). 
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schemes are ever to get off the ground in time to save the planet, the details of the schemes 

will clearly need to be settled at an international conference and then implemented in a 

coordinated way. The key to coordination lies in adopting a common price for the short-term 

permits, not so that they can be traded internationally, but so that the scheme imposes equal 

efficiencies on each economy, and so does not create windfall profits from trade. These are 

topics to be addressed in post-Kyoto international gatherings. 

Whatever the developed world ends up doing to mitigate its carbon emissions – adopting 

carbon taxes, or cap and trade, or hybrids – this is a solution that cannot and will not work for 

developing countries. To make up the ground ceded to the developed world in their early 

decades of tapping into the fossil fuel cornucopia, large developing countries like China, 

India and Brazil, not to mention the many that are coming after them, need to secure cost 

advantages in their energy supplies that would be defeated by signing up for some system 

that imposes a price on carbon. There is no way around this: carbon taxes or other systems to 

impose a price on carbon discriminate against developing countries that are using, or 

attempting to use, fossil fuels. These countries have every right to demand a period in which 

they can utilize fossil fuels, just like the developed world did – provided they can find the 

fuels and afford to buy them.  

But the world as a whole has every right to demand that use of fossil fuels be curbed, in the 

name of staving off global warming. Again there is no arguing with this; the fate of the planet 

depends on finding a solution.  

How then to find a way around this conundrum – the meeting of an irresistible force with an 

immoveable object? And yet a solution does exist. There is scope for a global trade-off 

whereby the developed world ‘pays for’ its past use of fossil fuels through imposing caps on 

carbon use now, and requiring firms that emit carbon to offset their emissions with the 

purchase of carbon credits. And these carbon credits can be created in the developing world, 

every time that a firm takes an initiative to substitute renewable energy technology for fossil 

fuels. This way there can be a substantial incentive for Chinese, Indian or Brazilian power 

stations to move to less carbon polluting means of producing electric power, for example, 

without being required to penalize the power stations that are already using fossil fuel 

technologies.   
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6. Creation of carbon credits 

Carbon credits are created at the present juncture through regulatory imposition of carbon 

emission limits and through voluntary anticipation of such limits, as in trading on the 

Chicago Climate Exchange. But this is only a tentative step towards a much more ambitious 

system. Carbon sequestration activities and other measures for reducing carbon emissions can 

be driven by private sector financial institutions in advance of global authorities being 

created. It would be open to merchant banks that are already active in carbon trading, for 

example, to issue their own ‘labelled’ carbon sequestration certificates.  

 

Take Global Merchant Bank (GMB) as a hypothetical example. Let us assume that it is 

already a trader in carbon credits issued under the Kyoto CDM, and that it acts both on its 

own account and as a broker for third parties such as major pension funds.9 GMB might 

decide to issue 10,000 carbon sequestration certificates to a city municipal government that 

was able to demonstrate that its garbage recycling had resulted in reduced emissions of 

10,000 tonnes carbon dioxide equivalent (CO2-e); or issue 5,000 carbon sequestration 

certificates to a tree-conserving group in Ecuador that warrants preservation of the trees for 

100 years; or issue certificates for any number of similar initiatives. The recipients of these 

certificates could then be able to offer them for sale on existing carbon exchanges, or on a 

new carbon exchange established by GMB, where they would fetch a price based on the 

credibility of GMB as a licensed financial institution. This price might be at a discount to the 

price currently fetched by Verified Emission Reductions (VERs) authorized by the Kyoto 

Clean Development Mechanism (CDM) – or they may (more likely) trade at a premium, 

because of the more flexible approach adopted by the bank, and its stake in maintaining its 

long-term credibility as a financial institution.   

 

Such privately issued certificates (issued within the terms of licensing of a financial 

institution) would come to be linked with their issuing organization. Market reports in the 

morning’s news might state that ‘Global Merchant Bank carbon sequestration certificates 

were trading at 24 Euro overnight’ while those from another merchant bank might be trading 

above or below this price. GMB would be careful not to flood the market with such 

                                                 
9  The Dutch pension fund ABP is currently reputed to be the largest investor in carbon dioxide-
equivalent emission rights, with a total trading allocation of 500 million Euro.  
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certificates, to ensure that they retain their value. In this sense, GMB would actually be a 

more credible issuer of such certificates than the UN, precisely because GMB is issuing them 

as a financial instrument, a business which it knows very well.  

 

There is no reason why GMB might not insist that any certificate issued in its own name 

carry a technical report attached (‘stapled’) that states the precise nature of the claimed 

carbon sequestration; the place where it is claimed to have occurred; the measurement 

procedures followed; the date; and the authorizing officer. This is entirely feasible. Just 

consider the certification that accompanies trade in commodity futures as a case in point. On 

the Brazilian Mercantile and Futures Exchange, an ethanol futures contract was launched in 

May 2007 that carries a certification requirement that the ethanol aliquot being traded (as a 

30 tonne lot) meets the technical standards specified in the contract, a certificate that is signed 

and dated by an authorized laboratory.10 It is not much of a stretch to insist that a similar 

technical documentation accompany every certificate of carbon sequestration issued by 

GMB. If future scientific advance reveals that a given procedure for carbon accounting is 

inadequate, GMB might discount its issued certificate accordingly, and invite resubmission 

from the same or a new body using the improved procedure.  

 

Note that all of this could be accomplished by private financial institutions acting in their 

own interests, in advance of any global agreement to establish a post-Kyoto carbon 

sequestration system and the global authority to manage it. The more banks like GMB enter 

the field, and start issuing certificates in their own name, the more they create a climate 

favorable to such a global initiative. From the perspective of such an emergent authority, the 

activities of the private banks pave the way to ease of acceptance of new certificates issued in 

the name of the authority. These certificates need not displace those already issued by the 

banks; indeed the new authority might appreciate a period of time in which the certificates 

trade in parallel. Eventually, as climate issues become the dominant theme for international 

relations, then there might be a transition during which the new authority takes over 

responsibility for issuing sequestration certificates – in more or less the same way that 

banknotes issued by private banks in the 18th century were gradually superseded by notes 

issued by a sole central bank.  

                                                 
10  For a discussion of the related case of sustainably certified biofuels, see Mathews (2008c). 
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Indeed the carbon credits issued by a merchant bank can best be likened to the banknotes 

issued by private banks in the years before the rise of central banks. In Britain, for example, 

there were hundreds of bank-denominated banknotes issued by private banks, each 

guaranteeing the bearer that the sum specified would be honoured in gold if so demanded. In 

England these privately issued banknotes were superseded by the Bank of England gradually, 

until they were outlawed in 1894; in the US private banknotes circulated much more widely 

right up until 1913, when the newly created Federal Reserve assumed sole responsibility for 

issuing banknotes. The idea that carbon credits constitute a new kind of currency in global 

markets, comparable to private banknotes in the earlier evolution of capitalist credit, is one 

that is slow to catch on.11 

 

The whole system of course depended on there being sufficient trust that there would not be 

any ‘bank runs’ on the issuing banks. If a bank became over-extended, and was in fact the 

target of a run on its funds and these were exhausted, then there was no alternative to 

bankruptcy -- and the holders of the ‘discredited’ banknotes were left with nothing. The same 

considerations would apply to carbon credits issued today by Global Merchant Bank. The 

difference between a 21st century carbon credits system and an 18th century private bank 

credit system is that now there would no doubt be an insurance system underpinning the 

carbon credits issued by a merchant bank – so that if the bank did indeed become insolvent, 

then credit holders could reclaim some of their assets through claims on their insurers. The 

2008-09 global credit crisis certainly underlines this point. 

 

Of course the difference between the capitalist economy based on dollar credits and a carbon 

credit economy is that eventually dollar credits need to be repaid. The credit advanced by a 

bank can be used as a negotiable instrument and change hands, but eventually the bank has 

the right to demand repayment, just as a private banknote issued by a bank has to be 

honoured if the bearer presents it to a bank. Carbon credits by contrast would carry no such 

obligation. Ultimately they must be ‘acquitted’ through verified reduction in atmospheric 

carbon load – either in terms of ‘saved’ emissions or in terms of sequestered carbon. But the 

                                                 
11  For one of the rare discussions, see Victor and House (2004); these authors identify carbon credits as 
constituting a new kind of currency, but do not draw the parallel with private banknotes circulating as currency. 
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bank issuing the credit will never be required to put up the cash to match its credits if 

presented to it; this is the magic of credits. But of course it raises a host of other questions, of 

which the maintenance of the integrity of the market for carbon credits, to ensure that they do 

demonstrably and verifiably represent the carbon reductions claimed, is a central and pressing 

matter (Victor and Cullenward 2007; Wara 2007).  

 

Like any other intangible commodity, the price of carbon credits will be driven by supply and 

demand. On the supply side, there will be no shortage of candidates – in that organizations 

and countries will increasingly have every incentive to find ways of saving on carbon 

emissions (or sequestering carbon) and thereby earn, in principle, equivalent carbon credits. 

But the demand side is a different matter. What will drive companies to buy such credits? 

Clearly, it is the requirement to match their carbon emissions with carbon credits, either 

allocated under a national Emissions Trading System (ETS) or bought on the market for 

carbon credits. Such trading systems are proliferating; there is one already operating in 

Europe under the auspices of the EU, and there is likely to be one covering the US under 

Congressional mandate by 2010, and other jurisdictions such as Canada, Australia and New 

Zealand are also establishing such systems. The regulatory requirement to hold carbon credits 

enforced under these national or supranational schemes will be the spur to demand for carbon 

credits, but eventually it will be the global price of carbon credits themselves and the 

competitive pressures on firms to demonstrate their green credentials. Alongside these 

regulatory schemes we can expect to see private buying and selling of carbon credits, 

particularly by large players such as merchant banks who can straddle the various national 

ETS schemes, trading proxies for US credits in Europe and proxies for EU credits in the US.  

 

This is the surest path to overcoming the barriers to developing countries being able to make 

a transition to renewable energies, and perhaps even leapfrogging the whole fossil fuel 

episode as they do so. Indeed, once carbon credit creation processes are seen to be underway, 

the long resisted idea of a global authority to oversee the emergence of the low-carbon 

economy can be expected to gather support within such bodies as the G8, the G20, the OECD 

and the UN. A post-Kyoto regime will doubtless be global and all-inclusive, bringing in 

China and India as well as the US. An agreement establishing such a regime would likely 

also establish an international authority, under the general supervision of the UN General 

Assembly, which would implement the agreement in a way that builds upon and harmonizes 
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national carbon emissions limits and national ETS schemes already established. It would no 

doubt create a fast-track successor to the UN CDM mechanism, giving rapid approvals to 

sequestration initiatives. Organizations and governments could apply to the authority to 

secure recognition of what should be called carbon load reduction certificates (CLRCs) – a 

general term which could cover not just reductions in emissions but outright reductions in 

total load through carbon sequestration. The carbon credits generated by these CLRCs could 

then be offered for sale on accredited carbon exchanges, to fetch the prevailing price; 

alternatively they could be treated as assets, waiting for the price to rise, or used as collateral 

for business expansion. Those responsible for the sequestration, either a private organization 

taking initiatives such as algae biosequestration, or governments mandating preservation of 

rainforest or peatland, would benefit from the creation of tradeable CLRCs.  

 

The international authority would be vested with authority to act, but not with exclusive 

powers. This is to preserve the rights of national governments to act in a similar way within 

their own jurisdiction, should they choose to do so. But by signing up to the international 

agreement, they would also be agreeing not to act in any way prejudicial to the working of 

the international system. They could not legislate, for example, to cancel the value of CLRCs 

approved by the international authority. In this way, the international system and the 

international authority created by it would set the baseline for all national systems, either 

existing or created in future. Rather than working through national governments, the 

international authority would receive submissions direct from carbon sequestering 

organizations (both governments and private sector firms) and would have the power to 

investigate the submissions, using its own verification agents. These officials would come to 

resemble a global environmental police force, accountable not to any particular national 

government but to a global authority. They would need to have the right to enter a country; to 

deal direct with private firms; and to request documents and samples needed to verify a 

claim. They would specifically not be given powers to prosecute or act in any way that might 

be seen as trespassing on the domain of national police forces or crime authorities. Their 

power would come from the fact that organizations making submissions would wish to 

cooperate with any investigation that the authority wished to conduct in order to verify the 

claims being made. Satellite surveillance would be used to buttress the investigations. 
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The international authority would be able to use its standing to issue bonds, which would 

create the finance needed for verification exercises (such as commissioning satellite 

surveillance and monitoring) and for employing its own verification agents. In this way the 

authority would have the power to act independently of member governments of the UN, and 

in the name of the global atmosphere that nourishes all life on earth.  

 

7. Concluding remarks: Moving beyond the ‘subterranean forest’ 

 

Energy is now widely understood to be the driving force behind industrial systems. Different 

energy systems stamp socio-metabolic regimes with a given character. The traditional solar-

driven systems that were the only systems known until the 18th century remained imprisoned 

within a ‘Malthusian trap’ that kept growth in incomes pegged to growth of population. Many 

attempts to break out of this trap were tried, but all succumbed to Malthusian pressures until 

the expedient of using coal, as a substitute for dwindling wood supplies, was tried in the 18th 

century in England. This appears to have been a fortuitous choice, driven by a relatively free 

market in fuels and advanced commercial and legal attitudes, and it ushered in what came to 

be known as the Industrial Revolution. Other countries in Europe, and then the United States, 

were quick to follow Britain’s lead, resulting in an industrialization race in the 19th century 

that broadened to become a global race in the 20th century and now involves global giants 

like China, India and Brazil in the 21st century. But at the very moment that a clear 

understanding of the benefits of industrialization is available, and of a path towards it based 

on the cornucopia of fossil fuels, such a path becomes imperilled by the triple problem of 

shortages of fossil fuel supplies, threats to development based on rising energy prices, and 

global environmental problems such as global warming from the burning of fossil fuels that 

dwarf all previous problems.  

The solution is clear. Developing countries, like the advanced world itself, have to find 

renewable alternatives to fossil fuels. But renewables come at a higher cost than fossil fuels, 

and so imperil a developing country’s latecomer advantages. The advanced world has the 

option of imposing carbon taxes, or cap and trade schemes, that raise the price of carbon-

based energy sources relative to renewables – and they look as though they will increasingly 

adopt such options, starting with the US under the Obama administration in 2009/10. How 
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then are the industrializing countries to be brought into such an arrangement, so that they can 

switch to renewables without losing their latecomer competitive advantages? 

A solution is proposed that represents a global Pact between the developed North and the 

developing South over carbon issues. The North will impose stringent caps on carbon 

emissions but allow firms affected to buy offsets, as an interim measure, from firms 

introducing renewable energy options, including bioenergy options, in the developing world. 

The South will impose stringent standards on the conditions that allow firms to bid for such 

carbon credits, and cooperate with international procedures to establish accreditation and 

standards authorization in some international post-Kyoto authority. The result would be a 

vast global carbon market where carbon credits can be created and traded, at the initiative of 

private sector players such as merchant banks. This is the very same process that fuelled the 

original rise of capitalism, through credit creation and the issuance of paper money by private 

banks, in advance of the creation of central banks and monopolization of money-issuing 

authority by nation states. 

It was the ability to tap into the ‘subterranean forest’ of fossil fuel stocks that facilitated the 

first industrial transition and ushered in the modernization processes that are still underway 

globally. But this transition is now blocked by the confluence of problems of which global 

warming is the most obvious and most pressing example. A new ‘subterranean forest’ is 

needed to drive the further transformation, beyond fossil fuels to renewable and sustainable 

energy and material systems. Perhaps this is an ‘aerial forest’ or global photosynthetic 

machine that when finally understood can drive all industry, as well as all life on the planet. 

On this prospect rests the hopes of humanity. 

 

 

References 
 
Aldy, J.E., Orszag, P.R. and Stiglitz, J.E. 2001. Climate change: An agenda for global action. 

Washington, DC: AEI-Brookings Joint Center for Regulatory Studies.  

Aldy, J.E., Barrett, S. and Stavins, R.N. 2003. Thirteen plus one: A comparison of global climate 
policy architectures, Climate Policy, 3: 373-397. 

Ayres, R.U. 2008. Sustainability economics: Where do we stand? Ecological Economics, 67: 281-310 

Carlsson, B., & Eliasson, G. (2003). Industrial dynamics and endogenous growth, Industry and 
Innovation, 10 (4): 435-455.  



25 

 

Clark, G. 2007. A Farewell to Alms: A Brief Economic History of the World. Princeton, NJ: Princeton 
University Press. 

Clark, G. and Jacks, D. 2008. Coal and the Industrial Revolution, 1700-1869, Working Paper, UC 
Davis. 

Dahmén, E. (1950/1970). Entrepreneurial Activity and the Development of Swedish Industry, 1919-
1939, (Swedish original published 1950; English translation by Axel Leijonhufvud). 1970, 
Homewood, Ill.: Richard D. Irwin.  

Dahmén, E. (1989). Development blocks in industrial economics, in B. Carlsson (ed.), Industrial 
Dynamics. Boston/Dordrecht: Kluwer Academic. 

Fischer-Kowalski, M. and Haberl, H. (eds) 2007. Socioecological Transitions and Global Change: 
Trajectories of Social Metabolism and Land Use. Cheltenham, UK: Edward Elgar. 

Flinn, M.W. 1984. The History of the British Coal Industry, Vol. 2. Oxford, UK: Clarendon Press. 

Goldman Sachs 2003. Dreaming with BRICs: The Path to 2050. Global Economics Paper #99. New 
York: Goldman Sachs.  

Haberl, H., Fischer-Kowalski, M., Krausmann, F., Weisz, H. and Winiwarter, V. 2004. Progress 
towards sustainability? What the conceptual framework of material and energy flow 
accounting (MEFA) can offer, Land Use Policy, 21: 199-213.  

Hirsch, R.L., Bezdek, R.H. and Wendling, R.M. 2005. Peaking of world oil production: Impacts, 
mitigation, and risk management. Report to the DoE. Washington, DC: Department of 
Energy. 

IPCC 2007a. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to 
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. 
Cambridge, UK: Cambridge University Press.  

IPCC 2007b. Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, UK: 
Cambridge University Press. 

Krausmann, F., Schandl, H. and Sieferle, R.P. 2007. Socio-ecological regime transitions in Austria 
and the United Kingdom. CSIRO Socio-Economics and the Environment, SEED WP 2007-
05. 

Mathews, J.A. 2008a. How carbon credits could drive the emergence of renewable energies, Energy 
Policy, 36: 3633-3639. 

Mathews, J.A. 2008b. Energizing industrial development, Transnational Corporations, 17 (3): 59-84. 

Mathews, J.A. 2008c. Towards a sustainably certifiable futures contract for biofuels, Energy Policy, 
36 (5): 1577-1583. 

McKibbin, W.J., Wilcoxen, P.J. 2002. Climate Change Policy After Kyoto: Blueprint for a Realistic 
Approach. Washington, DC: The Brookings Institution. 

Monfreda, C., Wackernagel, M. and Deumling, D. 2004. Establishing national natural capital 
accounts based on details Ecological Footprint and biological capacity assessments, Land Use 
Policy, 21: 231-246. 

Nakićenović, N., Grübler, A., & McDonald, A. (eds) 1998. Global Energy Perspectives. Study 
completed under auspices of International Institute for Applied Systems Analysis (IIASDA) 
and World Energy Council (WEC). Cambridge, Cambridge University Press. 

Pacala, S. and Socolow, R. 2004. Stabilization wedges: Solving the climate problem for the next 50 
years with current technologies, Science, 305 (13 Aug 2004): 968-972. 



26 

 

Pizer, W.A. 2002. Combining price and quantity controls to mitigate global climate change, Journal 
of Public Economics, 85: 409-434. 

Pomeranz, K. 2000. The Great Divergence: China, Europe and the Making of the Modern World 
Economy. Princeton, NJ: Princeton University Press. 

Ren21 2008. Renewable Energies Global Status Report 2007. Paris: Ren21 Secretariat and 
Washington, DC: Worldwatch Institute. 

Schandl, H. and Krausmann, F. 2007. The great transformation: A socio-metabolic reading of the 
industrialization of the United Kingdom. In Fischer-Kowalski and Haberl (eds).  

Sieferle, R.P. 2001 (1982). The Subterranean Forest: Energy Systems and the Industrial Revolution. 
Cambridge, UK: The White Horse Press. 

Stern, N. 2006. The Stern Review: Report on the Economics of Climate Change. Cambridge: 
Cambridge University Press.  

Victor, D. F. and Cullenward, D. 2007. Making carbon markets work, Scientific American, 297 (6) 
(Dec 2007): 70-77. 

Victor, D. F. and House, J. C. 2004. A new currency: Climate change and carbon credits, Harvard 
International Review, Summer: 56-59. 

Wara, M. 2007. Is the global carbon market working? Nature, 445 (8) (Feb 2007): 595-6. 

Wrigley, E.A. 1962. The supply of raw materials in the Industrial Revolution, Economic History 
Review, 15 (1): 1-16. 

Wrigley, E.A. 1988. Continuity, Chance and Change. Cambridge, UK: Cambridge University Press. 



27 

 

Fig. 1  Real income per person, England, 1260s to 2000s 
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Fig. 2 Primary energy use per capita, UK and Austria, 1830-2000 

 

Source: Krausmann, Schandl and Sieferle, 2007 
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Fig. 3 Peaking of global oil supplies 
 

 

Source: www.peakoil.net 
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Fig. 4 China’s oil production and consumption, 1977-2005 
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Fig. 5 India’s oil production and consumption, 1977-2005 
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Source of primary data: BP Amoco, BP Statistics Review of World Energy 
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Fig. 6 Rising CO2 levels, over 12,000 years 

 

 

Source: IPCC 
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Fig. 7 Energy transition pathways: Changes in primary energy shares, 1850 
to 2100 

 

Source: Nakicenovic et al (1998) Fig. 5.7 Scenario C1 
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Fig. 8. Brazil : Price paid to ethanol producers and gasoline cost 

 

Source: Datagro 
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