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OVERVIEW

Introduction
The purpose of the book is introduced and an executive summary is given of the main conclusions 
and policy recommendations.

Part 1: Science and the “Triple Crisis”
Part One sets out some key economic, energy and environmental problems facing the world. The 
science of climate change and the climate targets needed to avoid dangerous climate change are 
outlined.

Part 2: Engineering a Zero Carbon Future
Part Two sets out a plan for decarbonizing a specific economy, that of the UK. Issues regarding 
technology choice are discussed.

Part 3: Economics and Carbon Pricing
Part Three sets out the economics of taxation and scarcity.

Part 4: Politics and International Policy
Part Four sets out the game theory of tackling climate change and energy security, including ways 
to overcome the 'tragedy of the commons'.

Part 5: Financing the Future
Part Five deals with macroeconomics, banking and the finance of energy infrastructure.
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PLAN A: A SHORT GUIDE TO A SECURE FUTURE  – 
EXECUTIVE SUMMARY1

The Triple Crisis
• There are serious global problems related to our economy, our future energy supply, and our 

environment. Realistic  solutions  to  these  problems  exist  (see  below).  Well-designed  policy 
changes can mitigate these problems and create long-term benefits; but we need to consider 
solutions  that  take into account  the interests  and behaviour  of  individuals,  corporations  and 
nation-states, both as economic and political agents. This book sets out a set of policies for an 
integrated approach to our economic, energy and environmental (E3) problems (Chapter 1).

Energy and the Environment 
• The global temperature responds (with delay) to atmospheric concentrations of Carbon Dioxide 

(CO2) and other greenhouse gases (GHGs). These concentrations are already much higher than 
they were before the industrial revolution; every year mankind adds more greenhouse gases to 
the atmosphere through the burning of fossil fuels and other activities. To avoid a high risk of 
irreversible or catastrophic global warming, concentrations of GHGs in the atmosphere must be 
stabilized at close to or below current levels (Chapter 2).

• To stabilize GHG concentrations requires that emissions be reduced to near zero. We need an 
economic and technological model with total emissions of less than 1 tonne of CO2 equivalent 
per person per year, a ninety percent reduction in UK greenhouse gas emissions. Adopting such 
a  model  over  10-25 years  would provide a  positive example towards  which the developing 
world can converge, stabilising GHG concentrations (Chapter 3). 

• The focus of this book is the energy sector, which represents approximately 85% of UK GHG 
emissions and two thirds of global emissions. A largely carbon-free energy system is therefore 
necessary but not sufficient for climate stability. The new energy economy is likely to be based 
primarily  on  electricity generated  using  power  sources  such  as  renewable  energy,  nuclear 
fission, and carbon capture and storage. Carbon-free electricity can provide not only our existing 
electricity needs, also our  other energy requirements, including transport (trains; electric cars) 
and heating (heat pumps) (www.withouthotair.com). Such an energy system can be achieved in 
10-25 years with appropriate finance and market incentives. (Chapter 4-7)

Principles of a Solution
I will argue for two overarching design principles for solutions to these interlinked problems:

• Do enough, to solve the problems, in particular, do enough to stabilize the climate 
• Do it in a way that is positive to individuals, companies and nation states. 

What would be enough to protect the climate? Three major principles follow from the physics:
• Reducing carbon emissions is not enough; we need a zero carbon economy asap. (Chapter 3)
• 'Say yes' to the low carbon technologies available to us, including energy efficiency, 

renewable, nuclear and carbon capture electricity. (Chapters 4-7)
• Such changes need to be enforced by a price of carbon an order of magnitude higher than 

the current European emissions trading (ETS) price. That price should be upstream, cover 
all the sectors and include the carbon embodied in imports to any countries not covered by 
strong climate policy. (Chapters 8-9)

What would be positive for all actors? We need an  approach that takes account not only of the 
interests of individuals, companies and nation-states as economic agents but also as political agents 
(Chapter  11).  We need  a  politically  realism  not  concerning  how much  or  how fast  we reduce 

1 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
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emissions (we need to do what is  necessary for a secure future) but instead concerning  how we 
achieve  those  reductions.  This  means  that  we should  have  a  'no-worse  off  principle'.  This  has 
implications for international negotiations (Chapter 12-13), and the policies proposed.

“An Energy Refund for a Climate Club” (Chapter 14-15)
• I propose that a country, or a group of countries, impose a tax on the carbon content of fossil 

fuels of around $100 - $200/tCO2.  The revenues would be refunded to companies, 
individuals and resource owners within the club. In the short term, the revenue should be 
given back to individuals based on historical usage, in the long term, it should be used to 
eliminate VAT and corporation taxes. 

• The tax could be coordinated internationally within a 'climate club' of nations interested in 
keeping the oil price low and preventing global warming. 

• It is argued that this policy would have the following benefits:
• A global environmental benefit from reduction in emissions & efficient use fuel.
• A national benefit from the revenue raised from carbon tax can eliminate other taxes 

promoting equity and efficiency.
• A benefit  to oil  importers since a reduction in oil consumption would reduce the 

global pre-tax price of fossil fuels, reducing import costs2. 

Government Carbon Price Guarantees (Chapters 16-18)
• Governments should encourage large-scale investment in low carbon energy and energy 

efficiency. This can be done by auction contracts guaranteeing the post tax electricity and 
carbon (tax + permit) prices, promoting sufficient investment to completely decarbonize the 
energy system. These guarantee that carbon prices will not in future fall, so providing 
certainty for investors.3 Price guarantees may be useful too to implement international 
agreements to guarantee minimum carbon and post-tax fuel prices. 

A Good Investment Bank (Chapter 19) 

• International government should back a new bank, funded by bonds to finance investment in 
low-carbon technologies and finance a a massive programme of infrastructure investment. 
This would have the following benefits:

• Improving  our  ability  to  generate  energy  domestically  will  reduce  our  future 
consumption of imported fossil fuels. This will improve our balance of trade and 
enhance energy security.

• The investment needed to build  the new infrastructure assets  can be financed by 
national  savings  bonds  which  can  also  help  fund  the  retirement  of  an  ageing 
population.

• Investing in infrastructure employs resources, reducing unemployment.

2 A reduced fossil fuel price (relative to a scenario without the proposed policy) provides a benefit for countries that 
are net importers of fossil fuels. By keeping the oil price low (e.g. below about $40/bbl), the extraction of even more 
highly polluting fossil fuel alternatives, such as coal-to-liquids and tar sands, is prevented. It should be noted that a 
reduced world price for fossil fuels will increase demand for fossil fuels in areas not covered by a carbon price. This 
is an example of 'carbon leakage' and would take place with either carbon taxes and cap-and-trade schemes. If all  
countries are covered by carbon taxes or cap-and-trade schemes, however, there would be no leakage.

3 These guarantees attempt to be what might be termed 'universal positive incentives' – financial means of 
encouraging a desired course of action that provide only benefits to agents relative to the status quo but which are 
complete and economically efficient.
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ABOUT THIS BOOK4

Welcome to Plan A: A Short Guide to a Secure Future. This is a transdisciplinary guide to tackling 
climate change and interconnected problems, in a politically and technologically realistic manner.

Summary of The Book
This book deals with three major sets of global problems: economic, energy, and environmental; focussing 
specifically on the problems associated with human emissions of greenhouse gases, such as global climate 
change. 

Generally, I argue for two design principles for successful solution to these problems:

• Do enough to solve the climate change problem

• Do it in a way that has positive value to individuals, companies and nation states 

These principles have the following practical expression

• Reducing carbon emissions is not enough; we need a zero carbon economy as quickly as possible.

• Saying yes: we need all the ultra-low carbon technologies available to us, including renewable, 
nuclear and carbon capture electricity.

• We need a politically realistic approach, which takes account not only of the interests of individuals, 
companies and nation-states as economic agents but also as political agents.

A set of policy responses to those crises are put forward:

1. “The Energy Refund for the Climate Cub”: A carbon tax of $100-200/tCO2, imposed by a club of  
nations, and with the revenues refunded so that no major group is worse off.

2. “Energy Price, Carbon Price, and Energy Tax Guarantees”: financial guarantees of minimum 
carbon prices for investors in low-carbon power and energy efficiency: Developments of already 
existing proposals created to encourage investment and make credible commitments to reduce 
greenhouse gas emissions. These guarantees attempt to be what might be termed 'universal positive 
incentives', in other words, financial means of encouraging a desired course of action that provide 
only benefits to agents relative to the status quo but which are complete and economically efficient.

3. “The Good Investment Bank”: and a new international bank to fund investment to decarbonize the 
world economy over the course of the next twenty years. This proposal is likely to get the economy 
going again and stimulate investment in clean technologies.

4   Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
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Treatment
This book is intended to be scientifically rigorous and well structured. In this way it is hoped that some of 
the chapters may be suitable for peer-reviewed journals such as Energy Policy. In order to ensure that each 
chapter is ready and suitable for such a form, the language used must be scientific in style. The first two 
chapters are a little different. Chapter one is the introduction, and summarizes the whole book. Chapter two 
is a summary of climate science and is more broad than is normal for a scientific paper.

Intended Audience
It is important that the book is pitched at a consistent level. This book is intended for researchers in this 
interdisciplinary field, and the intelligent layman who thinks for him/herself, and is critical about what he 
hears. In general this book is intended to tell the simplest story that is reasonably complete about tackling 
the global triple crisis. The book outlines the key conceptual features of the situation as required by the 
policy maker or active citizen. No more detail is given than is needed from the point of view of what we 
should do at the same time as having in mind, in broad terms, how the (Earth) system works.

Market
The book could engage the public in a similar way that David Mackay's book did. It could also be a 
textbook of Environmental policy for environmental sciences courses.

Chapters
The book is split into chapters, which are available separately. Each chapter has an 'executive summary', 
which summarizes the main points; and a statement of those arguments or conclusions which may be novel 
or not widely known. Most chapters also have a conclusion and are followed by a list of references.

Language Conventions & Equations
The language used is intended to be plain but precise.  This book is written in plain British/international 
English. Spelling conventions in general conform to British English. Words ending in '-ise'/'-ize', are spelt 
('-ize')5.  Mathematical  representations  will  be  used  where  necessary:  physics  will  be  described  with 
equations and approximate numbers.

Format
This document is originally written in Open Office Writer, using the native open document (.odt) format. I 
use footnotes (as opposed to endnotes) throughout the text. This is then published using portable document 
format (.pdf). Source files are available on request.6

For references I use Zotero. The referencing style is 'Harvard Reference Style format-1 (Author-Date)', and 
I use OpenOffice 'reference marks', which can be saved in .odt format and are not compatible with 
Microsoft Word7.

Companion Spreadsheets
Most of the chapters are illustrated with spreadsheets which either set out the calculations in the chapters, 
or contain a simplified mathematical description of the model in question. Throughout the book, I aim to 
give clear numbers to justify the points made.

Communication & Marketing
Along with this book, I propose a comprehensive communications strategy to put across the ideas in the 
book. This includes

5 Note that, contrary to popular belief, '-ize' is an acceptable option in British English, as well as being standard US usage and 
is close to the original root. '-ise' is acceptable only in British English.

6 Open office is available free from http://www.openoffice.org and Adobe Reader from http://www.adobe.com.
7 Zotero  is available free from http://www.zotero.org . All of my references are available online.

http://www.zotero.org/
http://www.adobe.com/
http://www.openoffice.orgm/


• I propose to present each section of my work, with power point presentation8

• Recording these seminars and placing them on YouTube

In these communications, I will make use of the pyramid of information.
Word>Phrase>Sentence>Elevator Pitch

Title>Abstract>Briefing Sheet>Scientific Paper

Icon>Picture>Graph>Table

Publisher
I intend to approach the publishers of David Mackay's book, UIT Cambridge (http://www.uit.co.uk) as my 
first port of call.

Black and White or Colour?
My book is mostly in black and white, and so this could be consistently published as such. A black and 
white book will cost around 1 pound a copy to print; colour would cost more. Black and white is also more 
economical for short print runs.

Next Step: Generate a 'blurb'
This section will be developed into a 'blurb'. This will include:

• A introduction to the topic addressed 

• A treatment - how you are going to treat the subject

• An indication of the market and any competition

• A detailed table of contents

Executive Summary
The scientific conclusions and policy recommendations of the book are summarised. This book deals with 
three major sets of global problems: economic, energy, and environmental; focussing specifically on the 
problems associated with human emissions of greenhouse gases, such as global climate change. A set of 
policy responses to those crises are put forward: a carbon tax of $100-200/tCO2, imposed by a club of 
nations and with the revenues refunded so that no major group is worse off; financial guarantees of 
minimum carbon prices for investors in low-carbon power and energy efficiency; and a new  bank to fund 
investment to decarbonize the world economy over the course of the next 20 years.

8 I could possibly translate each presentation into a box, similar to the Stern review.

http://www.uit.co.uk/


PART ONE: SCIENCE AND THE “TRIPLE 
CRISIS”

Part One sets out major global problems tackled in this book; in particular, the science of climate change 
and the emissions reductions needed for a more secure and sustainable future:

• First the whole book is summarized; the problems facing humanity are defined and definitions are 
made for the rest of the book;

• Second, the science of climate change is outlined;

• Third, emissions reduction targets, consistent with a prudent approach to risk, are recommended.







THE “TRIPLE CRISIS”9

The solutions outlined in this book address serious global problems in three interconnected areas: the 
economy, our energy supplies and the environment.

Our financial  problems are  associated with losses leading to  capital  shortages  in  the banks,  and over-
indebtedness in the rest of the economy. Even if our immediate financial problems are resolved, the UK and 
similar countries will still have unsustainable budget and trade deficits. 

These problems will be made worse if, as the economy recovers, oil prices rise rapidly again. As fossil fuels 
become depleted, and if political instability continues, energy insecurity will rise, unless prompt action is 
taken. 

Human emissions of Carbon Dioxide and other greenhouse gases are unsustainable and will become even 
more so, if the world turns to coal and unconventional oil for energy as the oil price rises. This leads to 

Other serious issues that need to be born in mind include the threat of diseases emerging as a consequence 
of climate change and the threat of proliferation of biological and nuclear weapons.

The particular focus of this book is the problem of climate change and strategies to reduce global 
greenhouse gas emissions. Such strategies at times can also address economic and energy security 
concerns.

9 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
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The Economic Crisis
Since mid-2007,  there  has been a  systemic financial  crisis  affecting modern capitalist  economies.  The 
'credit crunch' is a collapse in confidence between banks, as evidenced by the rate at which banks are 
willing to lend to one another10. The problems, now apparent, include:

a) Large losses in some banks leading to an under-capitalized banking system.
b) High levels  of indebtedness;  possibly not enough cash in circulation in the non-financial sector 

relative to the amount of debt.
c) Massive government fiscal deficits causing a financial obligation on future generations; insufficient 

saving for future pensions obligations.
d) Persistent current account deficits in some countries such as the US and UK.

We are in the midst of a widespread recession. Solutions to climate change, which must include large-scale 
investment in low carbon energy (IEA 2008a), may help us out of these problems. Later in the book, I will 
argue that we could make longer term changes to our tax systems to encourage a more efficient, equitable 
and sustainable economy11. 

The Energy Crisis
Energy demand is rising rapidly. There has recently been a crisis in the food (The Economist 2007)  and 
energy (The Economist 2008) sectors, with volatile prices and political instability in suppliers of energy. 
Oil  reserves are clearly finite,  but significant debate exists as to the imminence and importance of the 
concept of 'peak oil' (Simmons 2005), (IEA 2008b), (BP 2008). If, as seems likely, easy oil is unable to fill 
demand, the price of energy will rise. This rise in prices will induce a large transfer in rental payments from 
the energy consuming nations to the energy exporting nations. This is damaging to the interests of the oil 
importing countries such as the West, India and China. A rise in the price of oil will also encourage much 
more damaging forms of oil to be developed.

The Environmental Crisis
Every year we release into the atmosphere over 30 billion tonnes of Carbon Dioxide plus large quantities of 
other greenhouse gases (GHGs) such as methane, by burning fossil fuels (coal, oil, and natural gas).  Our 
overall emissions are already 5-7 times above the rate at which CO2 is sequestered by the oceans, and are 
still increasing. The elevated concentrations of CO2 and other GHGs have two serious effects.

a)  Much of the Carbon Dioxide released into the atmosphere dissolves into the upper part of the 
oceans. This reduces the pH of the ocean, an effect known as 'ocean acidification'. This reduced pH 
is likely to lead to  the dissolution of the exoskeleton of micro-organisms, with further knock-on 
effects on ecology and the global food chain.

b) It  is  well  known  (Arrhenius 1896),  (IPCC 2007a) that  higher  concentrations of  carbon dioxide 
(CO2) will cause an overall warming of the Earth in the 'enhanced greenhouse effect'.  Scientists 
estimate  that  an  increase  in  global  temperature  of  2ºC  above  pre-industrial  levels  ('dangerous 
climate change'  (Schnellnhuber & Cramer 2006)) would cause widespread serious effects such as 
the melting of land ice,  desertification, and the collapse of major ecosystems  (IPCC 2007b). In 
addition,  the heating-induced degradation of carbon stores such as the Amazon rainforest12 and 
Siberian permafrost13 has the potential to release further large quantities of stored carbon (in the 
form of CO2 or Methane) into the atmosphere. In the absence of changes to our present course, 
within one or two decades we would probably be committed to such a temperature rise (den Elzen 
& Meinshausen 2005), (Anderson & Bows 2008).  

10 The spread between the rate paid for interbank lending (with credit risk) and that paid for fixed-for-floating swaps (without 
serious credit risk) provides a useful diagnostic of inter-bank trust. For the US experience see: http://tinyurl.com/79v4tg (p1) 
and for the UK http://tinyurl.com/9b986l  (p13).  Note the sharp spike in October 2008 after the bankruptcy of US investment 
bank Lehman Brothers.

11 See chapter 3 of this book
12 Adding as much as 100ppm CO2 (Cox et al. 2004), (Cox et al. 2000)
13 (Anisimov 2007) estimates this effect as a modest 100 Mt, or 40 ppb of Methane, leading to an additional temperature rise of 

0.012 °C. By contrast, Walter et al. (Walter et al. 2006) notes, with concern, the age (40,000 years) of the recently released 
methane and the overall size of the sink “500 GtC” (similar in magnitude to atmospheric carbon) (Zimov et al. 2006).

http://tinyurl.com/9b986l
http://tinyurl.com/79v4tg


Other Issues
The threats and challenges outlined above are serious risks facing humanity. Rees (2003) outlines a 
catalogue of threats and risks facing humanity over the next hundred years, which might cause the collapse 
of human civilization. In addition to climate change, energy insecurity and economic instability, two others 
stand out: disease & biological agents and nuclear weapons.

Diseases and biological agents pose an extremely great threat for two reasons: First, human beings are 
disturbing natural habitats more and more around the world; furthermore climate change threatens to 
disturb ecosystems further. Such changes can lead to the emergence of new diseases. Second, scientific 
advances promise to understand more about the very fundamentals of life. Such discoveries risk providing 
the knowledge needed to create extremely harmful biological agents. Third, people travel more often and 
more rapidly than in the past. An interconnected world spreads diseases more rapidly. There are serious 
implications both good and bad to the increase in human connectivity. In the past, humanity has lived in 
small communities. Now we are living in a single 'small-world' 14. In the past there may have existed 
diseases that were both virulent and fatal but which destroyed only their host community, and therefore 
died out. The danger of the present situation is that, with the spread of modern communications the 'host 
community' is now the entire world and the evolutionary barrier to extremely virulent and fatal diseases 
causing widespread harm is reduced.

The threat from nuclear weapons is, in my estimation, less serious than that of diseases, but is still 
extremely serious. A few kilograms of weapons-grade nuclear material can cause a nuclear blast. The 
technologies and materials and the know-how for developing nuclear weapons must be controlled, so that 
the world moves towards eliminating nuclear weapons.15

14  A discussion of the implications of this for the planet can be found in Watts (2004)
15 See http://www.globalzero.org/ for a recent initiative.

http://www.globalzero.org/
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THE SCIENCE OF CLIMATE CHANGE16

The scientific chain of reasoning and evidence for human-induced global warming and ocean 
acidification are outlined. Appropriate responses are discussed.

Warm things emit heat radiation. Warmer things emit more heat radiation. The temperature of a planet in a 
stable orbit, is that which balances the temperature-dependent outgoing heat radiation (long-wave or infra-
red) with the (approximately fixed) incoming heat from the nearest star – in our case, the Sun. In the Earth's 
atmosphere, various gases (known as 'greenhouse gases') absorb some of that outgoing infra-red radiation 
and re-emit part some back to the Earth's surface, increasing the equilibrium temperature of the surface – 
the greenhouse effect. Some of these gases, such as carbon dioxide and methane, exist naturally in the 
atmosphere, but man's activity has increased their levels, creating a global heat imbalance known as the 
enhanced greenhouse effect. Basic physics therefore predicts that the Earth's temperature will increase over 
time until the net radiation is again in balance – anthropogenic (human-induced) global warming (AGW). 
Every year, humanity adds (a currently increasing) quantity of greenhouse gases to the atmosphere through 
the burning of fossil fuels, land use change, industry and agriculture, raising further the concentrations of 
greenhouse gases, and therefore the increasing further the heat imbalance (known as 'radiative forcing'). 

The total response of the earth system is enhanced by various 'positive feedbacks' (amplifications), 
including 'fast feedbacks' over days (associated for example with the additional water vapour held by 
warmer air) and 'slow feedbacks' over decades (associated with temperature-induced changes to the albedo 
(reflectivity) of the Earth and the carbon cycle). Simple physical systems often exhibit dominantly negative 
feedback in response to small perturbations (forcings) but positive feedbacks may become more dominant 
once a threshold ('tipping points') is passed. It is possible that the global climate system exhibits similar 
behaviour, with cyclical and chaotic behaviour too.

Human activity also exhibits various inertias (for example associated with sunk investment in energy 
infrastructure) analogous to the 'stopping distances' associated with halting a car on a motorway in response 
to stationary traffic ahead. A driver of a car must look ahead to see an upcoming hazard and respond in 
advance of meeting it. Analogously, an appropriate response to the threat of human-induced climate change 
needs to foresee the threat and respond in advance, avoiding the danger. 

The ultimate objective of the United Nations Framework Convention on Climate Change (UNFCCC) 
signed at the Rio Earth Summit' and ratified by 192 nations, including the United States and China 
(UNFCCC 2007), is “stabilization of greenhouse gas concentrations in the atmosphere at a level that would 
prevent dangerous anthropogenic interference with the climate system” (U.N. 1992). After advice from 
scientists on the threats associated with global warming (including the melting of the Greenland ice sheet, 
and the possibility of temperature-induced methane or CO2 release from carbon sinks) and the acidification 
of the oceans, governments have agreed to aim to limit global temperature rises to less than 2 Celsius above 
the pre-industrial level (UNFCCC 2009). For a likely chance of meeting this '2 degrees target', 
concentrations of greenhouse gases in the atmosphere must be stabilized at close to or below current levels. 
To achieve this, emissions of greenhouse gases should  be reduced rapidly to below the rate at which they 
are absorbed by natural systems. 

To preserve the climate in which human civilization has developed and prospered, it is necessary to 
move rapidly and globally to a net-zero carbon economy.

16 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
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Climate Physics

Introduction
In this section, the basic physical science17 behind climate change is explained18:

1. The reasons why certain gases keep the earth warmer than it would otherwise be;
2. How elevated concentrations of these 'greenhouse gases' will warm the planet further.

There are three additional factors which complicate our attempt to understand the Earth system:
3. The temporary dimming effect of some of our other pollution;
4. Various positive and negative feedbacks, which tend to dampen and accentuate the effect of 

greenhouse gases;
5. The thermal inertia and consequent lagged response of the climate system.

Introducing the Earth
The Earth is a ball of rock with diameter 12,750 km and circumference 40,000km19. It lies in space, 150 
million km from our nearest star, the sun20.

The sun emits approximately 3.9 x 1026 Watts of electromagnetic radiation (heat, light, etc.).21

This amounts to an incident radiation intercepted by the Earth's cross-section area πr 2 of about22

S = 1370 Wm-2 

The Earth's albedo, A, is the proportion of this energy which is directly reflected back (approximately 
30%). 
A = 0.3

The earth's total surface area 4πr2 is four times the Earth's cross section, and so the average heat radiation 
incident on the Earth's surface is:
Htotal = ¼S = 344 Wm-2

Once we account for the Earth's albedo, the total absorption is: 
Hinput = ¼S (1-A) = 240 Wm-2 

The light which is not reflected is absorbed by the Earth's surface and re-emitted as longwave radiation, 
such that the planet is in overall thermal equilibrium with the rest of the universe.

What Would The Temperature of the Earth Be Without the Greenhouse Effect?

A body that emits all frequencies of light is known as a 'black body'. The Earth can be treated as a black 
body with albedo of 0.3 (Archer 2007). The heat out is given by H out=T E

4

17 A more complete discussion might start from a description of the whole climate system (including transport of heat via 
atmospheric and oceanic circulation etc, as well as radiation), and the variations in global temperature etc. which are 
produced by solar/oceanic/volcanic etc. variation. We would then aim to discern the effect of CO2 on this complicated system.

18 We follow Archer (2007) also with some reference to Taylor (2005). For a more in depth treatment (also dealing with the 
climate of other planets) please see Pierrehumbert (2010).

19 The technical name is an 'oblate spheroid', or 'a slightly flattened sphere' meaning that the earth is slightly more wide than it 
is tall. The diameter average is 12,742 km across. The spin of the planet causes the equator to bulge out further than the poles. 
Measured from pole to pole, the diameter of Earth is 12,713 km across. And measured across the equator, the Earth's diameter 
is 12,756 km across. In other words, points on the equator are about 21 km further from the center of the Earth than the poles. 
The Earth's Circumference = π* Earth's Diameter ≈ 3.14*12,750km ≈ 40,000km. See Universe Today (2009a).

20 1AU or 149,597,870km on average (UniverseToday 2009b).
21 The sun has an effective temperature of about TSUN=5780K giving the power output 390 million ExaWatts (Taylor 2005). The 

cross sectional area of the earth of radius r is πr 2 = 3.14*6375 2 = 127.6 million km 2. The area of the sphere at the earth's 
distance from the sun (R) is 4π R 2  = 4*3.14*(1.5x108)2 = 2.81x1017 km2.

22 Following Gill (1982, p.3). Compare Archer (2007, p.21)



The total energy radiated from the Earth is given by23 Eout=4REarth
2 T E

4 (1)

For equilibrium this must be equal to the energy coming in from the Sun: E input=1−AS REarth
2 (2)

From equation (1), the effective temperature of the Earth should be T E=
E input

4 REarth
2 


1 /4

Substituting equation (2) for EE, gives T E= 1−AS
4


1 /4

Substitution of numerical data for: Albedo A: 0.3; Solar constant S: 1370W/m2 and σ, 
gives a predicted temperature of 255K or -17°C for an earth without an atmosphere. 

The actual temperature of the earth is 287K or 14°C 24. What explains the difference?

The 'Greenhouse Effect'
Some of this re-emitted longwave (infrared) radiation is absorbed by certain molecules in the Earth's 
atmosphere leading to the 'greenhouse effect'.25 

It is known  that greenhouse gases such as carbon dioxide and methane absorb heat re-emitted by the Earth, 
trapping the heat on the surface, just like the panes of glass in a greenhouse trap the heat inside. 

The absorption bands in the infrared of gases such as Carbon Dioxide (CO2) and Water (H2O) are 
associated with 'bending' of the molecular structure (see arrows). Such bending resonances only exist for 
molecules with three or more atoms. The majority of the atmosphere is composed of diatomic molecules 
such as Nitrogen and Oxygen, which do not therefore act as greenhouse gases.

23 See Wikipedia (2009)
24 It is clearly a simplification to summarize the Earth's temperature by a simple average, but as Archer (2007, p.55) points out, 

since the range of temperatures seen on earth is small compared to the absolute temperature, the black body energy flux curve 
as a function of temperature can be approximated by a straight line.

25 Figure taken from IPCC (2007a)
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The specific resonances that are in the centre of the infrared spectrum (below) are 'bending moments' 
associated only with molecules that have more than two atoms (above). The absorption spectrum of the 
Earth's atmosphere shows the absorption of carbon dioxide at 650 cm–1 (15 mm) and water26.

What would the temperature be with a 100% effective greenhouse?
We can make a simple 'slab' model of the Earth, such that the expected temperature would be27:

42∗255=303K=31Celsius

It is difficult to determine from first principles what the temperature of the modern earth with greenhouse 
gas concentrations undisturbed by human intervention. However, we already know the answer to that 
question: the temperature of the earth before industrialization was approximately 13.7 Celsius.

How has human activity altered the Greenhouse Effect? 

Radiative forcing is a measure of how the energy balance of the Earth-atmosphere system is changed 
when factors that affect climate are altered. It measures the initial effect of the greenhouse gases on the 
Earth's heat balance, excluding the feedbacks and increased heat outflows associated with increased 
temperatures28. 

The first calculations of this question were made by Svante Arrhenius (1896). Arrhenius measured the 
absorption of the atmosphere by observing the moon's reflection of Earth's radiation. Through his keen 
observations he was able to deduce that A) the absolute warming (or cooling) that would take place from 
doubling (halving) the concentration is equal – in other words equilibrium temperature is proportional to 
the logarithm of the concentration of carbon dioxide.29

26 Left: model results from Archer (2007). Available at: http://geodoc.uchicago.edu/Projects/modtran.doc.html      
27 See Archer (2007). On the Kelvin temperature scale 0oC=273.15K. Further simple models of the earth's warming are 

available from Real Climate blog: see Schmidt (2007)
28 Radiative forcing is defined as follows (IPCC 2007a): “The radiative forcing of the surface-troposphere system due to the 

perturbation in or the introduction of an agent (say, a change in greenhouse gas concentrations) is the change in net (down 
minus up) irradiance (solar plus long-wave; in Wm-2) at the tropopause AFTER allowing for stratospheric temperatures to 
readjust to radiative equilibrium, but with surface and tropospheric temperatures and state held fixed at the unperturbed 
values. ”

29 A sketched physical motivation follows:
We approximate the absorption at different wave numbers to follow an exponential distribution around a core wave number and 

assume that the absorption is proportional to the concentration of carbon dioxide until saturated, i.e.:
y = f(n) if f(n)<1 and 

1 if f(n)≥1
where f(n)=a.C.e-|n-n0|

and n is the wave number; n0 is the centre of the peak; C is the concentration; a is a constant

http://geodoc.uchicago.edu/Projects/modtran.doc.html


“The radiative forcing for pure CO2 is approximated by RF = αln(C / C0) where C is the present  
concentration, α is a constant, 5.35, and C0 the pre-industrial concentration, 278 ppm...”30

Since they are present in much smaller quantities than CO2, the radiative forcing associated with other well 
mixed greenhouse gases is approximately proportional to the concentration of those gases (rather than to 
the logarithm of the concentration). 

The radiative forcing of all greenhouse gases can be translated into an 'Equivalent Carbon Dioxide' value 
CO2e:  “...The value of CO2e for an arbitrary gas mixture with a known radiative forcing is given by 
C0exp(RF / α) in ppmv.”  (IPCC 2001).

Conclusions for Temperature Change
The outgoing heat flow can also be determined from the Stefan Boltzmann law. H out=T E

4  
Differentiating this equation gives:

dH out

dT
=4T E

3=4
H out

T

At thermal equilibrium Hout=Hinput =  240Wm-2

dH out

dT
=4

H out

T
=4∗240

287
=3.36W /m2 K 

For small changes in the temperature, we can assume that 

H out T 0T ≈H out T 0T
dH out

dT

where H input perturbed ≈H input  preindustrial RF

and H out T 0=H input  preindustrial 

Assuming no feedbacks, this implies:

The radiative forcing at different frequencies is approximately equal to the integral over all wave numbers. Letting f-1(x)=-Ln(x/
(aC))+n0 and neglecting the area with f(n)<1, the total area of absorption large A is approximately 
RF = 2f-1(1)=2Ln(aC)=bLn(C)+d
RF=bLn(C)+d
where b and d are constants; RF is radiative forcing and C is the concentration of carbon dioxide.

30 Alternatively RF  = 3.7*log2 (C / C0)= 3.7*ln(C/C0)/Ln(2)

Radiative Forcing Due to 
Carbon Dioxide (CO2)

Radiative Forcing Due to 
Methane (CH4)



dRF
dT

=
dH out

dT
=3.36W K−1 m−2

or dT
dRF

= 1
dH out

dT

=0.3K W −1 m2

This can be compared to the instantaneous sensitivity to solar irradiance (see below).

Implications for Climate Sensitivity

T equilibrium=a log C 
(Where C is the concentration of Carbon Dioxide in ppm.)or

T equilibrium –T preindustrial=Z . log2
C

C preindustrial


(Where the logarithm is taken to base 2,  Cpreindustrial  is the concentration of Carbon Dioxide before 
industrialization = 278 ppm where Z is the climate sensitivity measured in K increase for a doubling of  
CO2)
or

T equilibrium –T preindustrial=
Z

ln 2
∗ln  C

C preindustrial


Climate sensitivity Z is defined as the equilibrium warming for a doubling of CO2. 

T= dT
dRF

RF=5.35 ln  C
278

= dT
dRF

∗4 ln 2
C

278
=Z ln2

C
278



Z=4∗ dT
dRF

=4∗0.3=1.2

For a dry greenhouse with only CO2, the temperature should increase by approximately 1.2 Celsius 
for a doubling of pre-industrial CO2  concentrations.

The Role of the Sun 

Total solar irradiance (TSI), varies on a roughly 11-year cycle by about 0.07% (Camp & Tung 2007) or 
about 0.2W/m2 on total heat inflow of Hinput = 264 Wm-2.



Camp and Tung (2007) found that global temperature was correlated with Total Solar Irradiance (TSI) with 
a rise of 0.18 ± 0.08K per Wm2  of radiative forcing or 4*0.18/(1-0.3)=1.03K per Wm-2 of absorbed 
radiation.

Instantaneous Climate Sensitivity

This value  of 1.03 ± 0.46 K per Wm2 can also be compared with the CO2 only full sensitivity of 0.3K per 
Wm2 and the standard model-estimated sensitivity (IPCC 2007a)of around 0.75 K per Wm-2.
Unfortunately, however, life is not that simple. There are further  complications which limit the accuracy of 
our models and also limit the information that we can deduce from observations of the world.

Complication One: Global Dimming

In addition to the effects of carbon dioxide, methane (CH4) nitrous oxide (N2O) and halocarbons (the main 
greenhouse gases)31, there are other influences on the Earth's climate. These include ozone, stratospheric 
water vapour, surface albedo contrails; the net effect is small and uncertain. 

Much of the warming effect is being offset by the other pollution that we emit, including aerosols such as 
sulphur dioxide. Aerosols are thought to dim the planet by approximately 1.2W/m2, reducing the effective 
greenhouse gas concentration by about 90ppm CO2

e.

They cause dimming both directly and because they act as condensation nuclei for clouds. The second 
effect is highly uncertain, with the uncertainty as great as the purported effect. Nevertheless, evidence that 
it is a real effect can be found from the clouds that can be seen in the wake of ships sailing on the open 
ocean (Archer 2007).

31 The six gases (CO2, CH4, N20, SF6, HFCs) mentioned in the Kyoto protocol; plus CFCs (which are regulated under the 
Montreal Protocol)



Overall Contributions to Radiative Forcing
The contribution to radiative forcing of various gases is described here (IPCC 2007a).

Complication Two: Lag in the Oceans
There is expected to be a lag in response to carbon dioxide to do with the thermal inertia of the oceans.  A 
simple estimate for the lag in the oceans can be calculated by looking at the temperature profile of the 
oceans.

Forcing from above is expected to increase the upper ocean temperature. Global warming is unlikely to 
change the qualitative structure of the oceans' temperature gradient: therefore, by symmetry, climate change 
is likely either to increase the gradient of the ocean thermocline as shown below (Houghton 2004).

Using this simple model, a heat capacity can be calculated, of approximately 30 years32. This can be 
compared to model estimations (Cess & Goldenberg 1981) of about 20 years. 

32 Author's calculation based on a wedge of water from zero to 750m deep.

Depth

Temperature

750m

~4ºC ~25ºC

Thermocline



These approximate estimates can be compared to the climate response found from a General Circulation 
Model (Hansen et al. 2007). 40% of climate response happens within 3 years; 60% within 100 years and it 
takes 1500 years for 95% of the response to have taken place.33

33 Assuming Camp & Tung's (2007) results, we might expect that our best guess for climate sensitivity is around 
(0.18/0.4)=0.45 K per Wm2, or around 1.8K per doubling. This excludes, however, the longer-term, mostly positive 'slow' 
feedbacks.



Feedbacks and Systemic Effects
A complex physical system such as the earth's climate contains both negative and positive feedbacks. 
The outputs (e.g. Temperature) of a system responds to inputs (e.g. Greenhouse Gas Concentrations). If the 
outputs then affect the inputs to the system in some way, then we have a feedback. There are two basic 
types of feedback, negative and positive34

A negative feedback (or natural stabilizer) is a feedback which acts to counteract the original change. 
Negative feedbacks are good if we want a stable life!

A positive feedback is one that tends to accentuate the original change. Positive feedbacks themselves are 
of two general types: 

Complex systems tend to have both positive and negative feedbacks. For small perturbations, negative 
feedback effects may dominate; otherwise the system would not persist at this point. However, such 
systems may have a 'tipping point' past which the positive feedback effects may overwhelm the negative 
feedback loops.

Complication Three: Fast Feedbacks such as Water Vapour and Clouds
Carbon dioxide is not the only three-atom molecule present in reasonably large abundance in the earth's 
atmosphere. Water vapour is also extremely abundant, and furthermore, absolute humidity rises with 
temperature. 

Furthermore, we know the rough magnitude of the relationships involved. As Arrhenius pointed out, the 
relative humidity will stay roughly constant as the temperature increases. Increases in the concentration of 
CO2 will therefore also increase the level of absolute humidity (For every degree C of warming the absolute 
amount of water vapour should go up by about 6%) (Wexler 2007).

Influence of Climate Feedbacks
The relative importance of various climate feedbacks is available in the IPCC report, figure 8.14. This 
diagram shows that water vapour is the most important positive feedback in determining the basic climate 
sensitivity; as the world warms, the atmosphere's absolute humidity will rise, trapping more heat (since 
water vapour is a greenhouse gas).

34 Note that 'negative' refers to the effect of the feedback on the system, not on the desirability of the outcome. For the climate 
system, negative ones tend to be helpful and the positive ones unfortunate.



Modelled Climate Sensitivity
The sensitivity of the climate is the temperature rise that can be expected at thermal equilibrium35 for a 
doubling of CO2. This has been assessed by various studies, creating probability distributions. It is clear 
that there is a very wide range of expected assumptions, with vary radically different prognoses for the 
future of the climate.

All the studies seem to agree that the sensitivity is more than 1 Celsius and less than 9 Celsius! These are 
quite different! A sensitivity of 9 Celsius would be a guaranteed catastrophe for mankind and the existing 
biosphere, unless we can get concentrations down to pre-industrial levels. A sensitivity of 1 Celsius 
would mean that there is less urgency for tackling climate change, although we might still want to 
stabilize Carbon Dioxide concentrations quickly, to prevent widespread ocean acidification.36

The reason it is so difficult to constrain the climate sensitivity is shown on graph (c) below. With higher 
climate sensitivities, there is a greater lag, making it difficult to tell whether a temperature observation is 
associated with a low sensitivity and a small lag or a large sensitivity and a large lag.

35 Some may say that the earth is a chaotic system and not a system in equilibrium. This fails to note that the Earth, despite 
fluctuations, nevertheless has had a reasonably well defined climate over periods of thousands of years. Another might be that 
the Earth may never settle down; once pushed by some perturbation, it will continue to evolve, increasing in temperature, 
without further perturbation. There are some arguments for this view and they tend to argue for a high climate sensitivity 
and/or a long lag.

36 If this reason is viewed as inadequate there are economic, geopolitical, and safety issues associated with fossil fuel extraction 
and the depletion of gas and oil reserves, which nevertheless motivate getting off fossil fuels. One way to do this is a carbon 
tax; this is a relatively efficient tax, so for independent economic reasons we may wish to use this as a source of government 
revenue. It's possible that none of these arguments convince you; but nevertheless, I would argue that the balance of benefits 
opposed to risks suits action of this type.



Additional Positive Feedbacks & 'Equilibrium Climate Response'
Various potential positive feedback systems have been identified for the earth. For example: 

• The melting of ice leads to a change in the colour of the earth’s surface from a reflective white, to 
black, which absorbs more heat.

• Biological systems cannot cope with temperatures above a certain point, nor if temperatures change 
rapidly; release of biologically sequestered carbon therefore appears likely.

• Global warming may cause the collapse of rainforest ecosystems already ravaged by deforestation, 
releasing much stored CO2 (Cox et al. 2004).

• There are large stores of Siberia in permafrost. This permafrost may melt releasing methane (a 
greenhouse gas); similarly there are further sources of methane on the sea floor(Burroughs 2001).

• Whilst moderate climate change (e.g. 1°C) therefore may be counteracted by various natural 
systems, large climate change (>2°C) may well be dangerous.

It should be noted that the main climate models do not include all of these effects. Therefore it has been 
suggested (Bettis 2009) that we should use a new term, Equilibrium Climate Response, to refer to the whole 
Earth-system response to human input of greenhouse gases. 

Towards a Conservative Estimate for the Equilibrium Climate Responses

Conservative means two different things 'not speculative' and 'playing safe':
• A 'non-speculative' assumption from the point of view of science might be 'reasonable' or 'mid-

range'; this in a sense is a lower band: 'the sensitivity could be higher but we don't know that for sure'.
• A 'playing safe ' assumption from the point of view of a proper approach to action; in this case 

either the 'Prudent' or 'Risk-Averse' assumptions seems to be more valid.
I will label different assumptions according to this definition, below:



How Sensitive Is The Climate?
The following table gives some plausible numbers for the sensitivity of the climate.
Scenario Climate 

Sensitivity 
(committed 
temperature 
rise at 
550ppmCO2
e)

Climate 
Sensitivity 
(KW-1m2)

Feedback 
Assumption / 
Comments

As Scientific 
Scenario, how 
plausible is 
this?

RF under 
2C

Stabilization Level 
of GHGs to avoid 
equilibrium 
temperature rise of 2 
Celsius above 
preindustrial (time 
reached)

Actions 
Needed

As a 'certainty 
equivalent' 
assumption to 
guide action 
how prudent is 
this?

Reasonable37 2.2ºC 0.6 IPCC but with 
assumption of 
zero cloud 
feedback. Most 
likely short-term 
sensitivity based 
on current 
observations – 
but ignores 
possible positive 
feedback?

Plausible, and 
consistent with 
observations.

3.33 520ppmCO2e 
(reached by 2035 at  
current rate)38

~50% global 
reduction by 
2050 (~80% 
reduction in 
developed 
countries – 
cap and 
trade?)

Very risky; 
>50% chance of 
failure. 
Significant >5% 
risk of 
catastrophic 
(>5) outcome

Mid-range 
(IPCC)39

3ºC 0.75 Water Vapour + 
Lapse Rate + 
Albedo + 
Clouds(Assumed 

Positive)40

'Best guess' 
from IPCC 
models; 41

2.67 460ppmCO2e 

(reached by 2015 at  
current rate)42

Immediate 
carbon tax of 
£100/tCO2 

Carbon-free 
energy by 
2030 or halt 
deforestation

Risky; However 
balance between 
what is feasible 
and the risks 
taken?

Prudent 
Assumption

3.7ºC 1 Mid-range-IPCC 
plus  positive 
carbon cycle 
feedback (Cox & 
Scheffer 2005)

Plausible if best 
guess  IPCC 
assumption is 
augmented by 
carbon cycle 
feedback.

2 40043 Immediate 
carbon tax of 
£100/tCO2; 
100% 
Carbon-free 
energy by 
2030 and halt 
deforestation

Still faces risk; 
Current effects 
(e.g. ice melt) 
may still persist, 
potentially 
seeding long

Risk-averse 
Assumption

6ºC 1.5 Full-system 
effects including 
interacting 
positive 
feedbacks from 
ice-albedo, 
methane release, 
and carbon cycle; 
(Hansen 2008) 

Plausible if 
feedbacks are 
positive and 
interact. 
Consistent with 
paleoclimatic 
data

1.33 35044 Immediate 
carbon tax 
>£100/tCO2; 
100% 
Carbon-Free 
Energy by 
2030; 
Increase in 
forest size; 
(Plus: 
Capture of 
CO2 from 
Air? Geo 
engineering?)

Mostly Safe, 
avoids seeding 
catastrophic 
effects.

Safe 280 Stop Using 
Fossil Fuels
Reforest the 
Globe

Safe

The Carbon Cycle and Ocean Acidification
By burning coal, oil, and gas on an enormous scale, destroying forests and using intensive agriculture, we 
are polluting the atmosphere about seven times faster than oceans can remove the pollution. 

37 'Reasonable' assumption. This is the IPCC result but with an adjustment to assume zero cloud feedback rather than a net-
positive cloud feedback, giving a sensitivity of 0.6Wm-2K-1. Consistent with observations, under the assumption of small lags 
(low heat capacity) and low aerosol albedo effects. 

38 Taking into account Carbon Dioxide only, 520ppm CO2 only would be reached around 2050.
39 Consistent IPCC midrange; also output with Hansen model.
40 i.e. cloud feedback assumed to be positive, an assumption which is contested by some scientists; although see Houghton for a 

rebuttal of Lindzen's claims.
41 Cloud feedback assumption shaky?
42 Taking into account Carbon Dioxide only, 460ppm CO2 only would be reached around 2030.
43 Taking into account Carbon Dioxide only, 400ppm CO2 would be reached around 2020.
44 We have already passed this concentration, even including Carbon Dioxide only. It may be feasible if the world moves to a 

zero carbon economy and forests around the world are regenerated.



Introduction
What is Carbon Dioxide?
Carbon Dioxide (CO2) is the most important greenhouse gas, responsible for causing global warming. It is 
emitted when we burn fossil fuels such as coal, oil and natural gas. Fossil fuels are the remains of plant 
and animal life laid down over millions of years which at present rates will be used up over the course of a 
few centuries. Fossil fuels contain carbon, which combines with oxygen in the air to produce carbon 
dioxide when burnt.

Stocks of Carbon
Where is the carbon located - and what form does it take?

• Fossil Fuels: stores of fossilized plants and animals in coal, oil, gas and peat - pure carbon and 
hydrocarbons - compounds containing carbon and hydrogen.

• Atmosphere: thin as a shell across the earth containing small quantities of carbon dioxide.
• Land Biomass (vegetation, soil and detritus): containing plants, soils and other biomass - cellulose 

and other compounds containing carbon hydrogen and oxygen.
• Oceans - carbon dioxide, which forms carbonic acid in water; carbonate and bicarbonate ions. Split 

into:
◦ Shallow Oceans – In direct contact with the atmosphere
◦ Intermediate & Deep oceans –

• Rocks: such as limestone - primarily calcium carbonate (CaCO3).

The total carbon content in Gigatonnes of Carbon (GtC) is shown in the Figure 7.3 from the latest IPCC 
report.



Flows of Carbon
Fossil Fuels to Atmosphere 

How much carbon do we release through the burning of fossil fuels?
We burn 7.2 billion tonnes of carbon per year (GtC/yr) in fossil fuels45, (IPCC 2007c, p.3). To put this in 
context, this is equivalent to a cubic mile of oil (Goldstein & Sweet 2007), or to a forest the size of Western 
Europe46.

Land Biomass to and from Atmosphere
How much carbon do we release through the burning of forests and other land use processes?
By processes such as deforestation, we burn around 1.6 billion tonnes of carbon per year (GtC/yr) in trees 
and other land biomass47. 

How much carbon does the land take in?
The land absorbs around 2.7 billion tonnes of carbon per year (GtC/yr)48.

What is the overall effect?
The net flow of 0.9 billion tonnes of carbon per year (GtC/yr)49.

What is the overall prognosis for the land biosphere?
The long term fate of the land biosphere will depend on multiple processes, such as land use and global 
warming. As the globe warms, carbon will be released from the land biosphere. Since carbon stored in the 
biosphere is there only temporarily, it may be best to consider it as a net sink of greenhouse gases.

How should we consider the flows to the land?
The flow to the forests cannot be considered sustainable on a human time scale of a century (since although 
carbon is taken from the atmosphere to the land with CO2 fertilization; this flow may reverse with global 
heating).

Since the flow of carbon to the land biosphere is influenced by human activity, it would be best to consider 
the land biosphere as primarily a stock. We should look at ways of permanently increasing the total amount 
of carbon stored in the biosphere, by preventing deforestation, leaving land to return to forest.

Atmosphere to Oceans
How do the oceans sequester CO2?
The upper oceans dissolve CO2 in water. The top of the ocean (the 'mixed layer') is in instant equilibrium 
with the atmosphere; however, it can only absorb a small amount of CO2. 

Chemical Reactions

45 This amounts to 26 billion tonnes of CO2 per year emitted into the atmosphere.
46 Forests contain approximately 20 tonnes per hectare or 2000 tonnes per km2; our fossil fuel consumption (about 7 Gigatonnes 

of Carbon per year) is therefore equivalent to a forest about 3.5 million square kilometers (approximately the size of Western 
Europe) being burnt every year.

47 Land use changes release around 5.9 billion tonnes of CO2 per year.
48 Land takes in about 9.5 billion tonnes of CO2 per year.
49 Overall, there is a net sequestration of 3.6 billion tonnes of CO2 per year



In dissolving CO2, the upper oceans become less alkali (a process known as 'ocean acidification'):
CO2 (g)+H2O ↔ CO2 (aq) + H2O ↔ H2CO3 (aq) ↔ HCO3

-
(aq) + H+

(aq)

The oceans can absorb quite a lot of CO2 because of the action of the carbonate/bicarbonate 'buffer':
H2CO3 + CO3

2- ↔ 2HCO3
- and so the total stock of carbon stored in the ocean is quite large.

The Solubility Pump(Takahashi et al. 1993, p.844)
It is the flow from the upper oceans to the lower oceans that is the basic determinant of the amount of CO2 

sequestered by the oceans. This is the 'rate limiting step', to use the chemistry jargon.

The solubility of CO2 in cold water is twice that of warm water (about 3kg/m3 at 4°C compared to 1.45 
kg/m3 at 25°C)50. As water moves from the tropics to the poles it therefore absorbs more CO2. When this 
water falls in the thermohaline circulation (THC) it therefore takes the CO2 with it. Before industrialization, 
the downwelling of the CO2 was balanced by upwelling in the tropics. However, now the water that is 
falling has a higher concentration than that which is upwelling. This is because the conveyor-belt takes a 
few thousand years to fully turn (see figure right). 

How Sustainable is the Solubility Pump?
Since downwelling is proportional to the current atmospheric concentration of CO2 and upwelling 
proportional to the preindustrial concentration, the rate of the thermohaline solubility pump is likely to be 
approximately equal to: (Current Concentration of CO2) – (Preindustrial Concentration of CO2)

Flows 
Flows of CO2 into the 

atmosphere
Fossil Fuel Combustion Burning Forests & Soil  

carbon release
Ocean Upwelling Limestone Creation

Flow From Fossil Fuels 
(Hydrocarbons) to 
Atmosphere (CO2)

From Land biomass 
(organic Carbon) to 
Atmosphere (CO2)

From deep oceans (CO2) to 
surface (CO2)

From Ocean (Bicarbonate) 
to Rock & Ocean (CaCO3 

plus CO2) 

Explanation Extracting coal oil and 
gas; combustion in air

Burning of forests releases 
carbon; additionally, soils 
release carbon  through 
natural processes (may 
accelerate with global 

warming)

Deep ocean water, rich in 
CO2 up wells in tropics, 
warms and releases CO2; 
however because it is 'old' 
it contains less CO2 that 
that which downwells.

By organisms dropping to 
sea floor

Quantity of Flow +7GtC/year ( + PreindustrialY1
51) 

+2GtC/year
( + PreindustrialX1 )52 +0.2GtC/year53 

Feedback (Negative 
counteracting climate 

Positive (air conditioning 
demand; war) and 

Positive (increased 
temperatures lead to 

Positive (increase in 
temperature could cause 

Negative (acidification 
reduces creation of 

50  1.45 g/L = 1.45 kg/m3  since  1000L = 1 m3

51 Preindustrial land biomass flows in approximate balance i.e.: Y1 = Y2

52 Preindustrial ocean flows in approximate balance i.e.: X1 + X3 + X5= X2 + X4

53 CO2 only. Also same amount of CaCO3; so total flow of Carbon from bicarbonate to CO2 and CaCO3 is twice this figure.



change; positive 
accentuating it)

Negative (heating demand; 
direct global warming 

concern)

increased respiration in 
soils and increased 

dessication/burning of 
forests and peat)

stratification of ocean and 
shutdown of thermohaline 

circulation)

limestone)

Flows of CO2  out of the 
atmosphere

Fossil Fuel Creation Afforestation and Soil  
carbon sequestration

Ocean Downwelling Limestone Weathering

Flow From atmosphere or 
oceans (CO2) to rock 

(hydrocarbons)

From Atmosphere (CO2) to 
Land Biomass (organic 

Carbon) 

From surface (CO2) to 
deep oceans (CO2)

From Rock & Ocean (CO2 

plus CaCO3) to Ocean 
(Bicarbonate)

Explanation Microorganisms dropping 
to sea floor; laying down 

of new peat; biochar.

Growth of plants; further 
afforestation or 

reforestation

Because downwelling 
water is cold, it contains a 
lot of CO2; additionally, 

because it is recently 
mixed it contains more 

CO2

In land rocks or on seabed

Quantity of Flow Less (in absolute terms) 
than -0.1GtC/year

( - PreindustrialY2 )
- 3GtC/yr

( - PreindustrialX2 )
- 2GtC/yr

-0.2GtC/year

Feedback (Negative 
counteracting cc; positive 

accentuating it)

Slightly positive Negative (CO2 

fertilization)
Negative (acidification 
increases weathering)

Additional flows between 
the shallow and deep 

ocean

Organic Matter Forming, Dropping 
and Rotting

Net Upwards Diffusion & Bubbling Limestone Forming, Dropping and 
Redissolving

Effective Flow CO2 from shallow ocean (CO2 → 
organic carbon plus oxygen) to deep 

ocean; (organic carbon → CO2 

minus oxygen); Oxygen in reverse 
direction

CO2 from deep oceans to shallow 
oceans

Bicarbonate from shallow oceans 
(2HCO3

-→ CaCO3 + CO2+H2O) 
to deep oceans 

(CaCO3 + CO2+H2O→ 2HCO3
-); 

CO2 from deep oceans to shallow 
oceans.

Explanation Part of 'biological pump'??? Simple diffusion or CO2 bubbles 
rising

Part of 'biological pump'???

Quantity of Flow +PreindustrialX3 +PreindustrialX5 -PreindustrialX4

Feedback Negative (Fertilization) or Positive 
(Acidification)

Positive? (Increased windiness 
increases diffusion rate)

Negative (acidification reduces 
creation of limestone)

Overall Effects
How much do our emissions raise the concentration in the atmosphere?
With approximately half the emissions of carbon dioxide taken up by the oceans and land, the net flow into 
the atmosphere is approximately 4.1GtC or (15GtCO2) (IPCC 2007a Chapter 10). One gigatonne of CO2 is 
equivalent to 0.128ppmv CO2. So our current net CO2 emissions flow (15 Gigatonnes of Carbon Dioxide) is 
equivalent to approximately and this is the approximate present growth rate of CO2 in the atmosphere 
(2ppm).  Overall, the atmosphere concentration of CO2 has risen from 280 ppm (pre-industrial times) to 
380ppm (recent measurement).(Engineering Toolbox 2008).

What level of emissions might be sustainable?
What is the level of emissions that would allow concentrations of carbon dioxide in the Earth's atmosphere 
to stabilise? About 7 billion tonnes of CO2 (–2.2 ± 0.5 GtC) (IPCC 2007a, p.516) are mixed by the oceans 
each year  – approximately one tonne of CO2 per person on earth(CIA 2008). This is the maximum that we 
can emit in a sustainable way: globally (2004) we are six times over budget. We need to get down to about 
1 tonne of CO2 per person per year.

Conclusion
To stabilize global concentrations of carbon dioxide, CO2 emissions from fossil fuels must fall to 
approximately 7 Gigatonnes of CO2 per year (2 Gigatonnes of Carbon per year).



Observed Greenhouse Gas Concentrations and Global Warming

Greenhouse Gas Concentrations
Current atmospheric concentrations of greenhouse gases are equivalent to 383ppm CO2 only or 430ppm 
CO2

e
 (Tans 2010), rising at about 3ppmCO2e/year. The rate of growth of emissions is still increasing, as shown 

by countries such as China (building 2 coal power stations per week).

Source: Adopted from Stern (2006)

Expected Temperature Rises
Temperature rises of +0.7C above the pre-industrial level have been observed already. Some of the 
warming effect is being masked at present, but even at current levels we are seeing very dramatic warming 
at the poles. with approximately the same temperature rises in the pipeline. 

In order to have a 50/50 chance of stabilizing global average temperatures at 2oC above the pre-industrial 
level, greenhouse gas concentrations have to be stabilized at approximately current levels.  A rapid 
reduction in global greenhouse gas emissions can have a high chance of achieving this 2 Celsius target. 

Doubling (550ppm CO2e) will lead to a temperature rise of 3oC above the preindustrial from fast feedbacks 
alone; potentially 6oC if 'slow feedbacks' are included, (Hansen et al. 2008)

Quadrupling (1100ppm CO2e) by end of century would lead to at least 6oC of warming.

Emissions

Time

Delaying emissions 
reductions for a decade 
implies both additional 
emissions and a longer time 
needed to reduce emissions 
to sustainable levels; both 
contributing to increased 
cumulative emissions.

A twenty year delay (figure) 
induces approximately 1 
Celsius more warming.2010 2050 2070



Observations of Temperature Rise
The following graph gives the global average temperature according the the IPCC. The trend over the last 
25 years has been an increase in global temperatures of 0.18oC per decade.

Assessing the IPCC Climate Models
One simple way to assess the models we have of the climate is to compare their predictions to what has 
been observed (see the predictions of the previous IPCC assessment reports, along with observations of the 
global temperature). It can be seen that the observations of global average temperature are on the lower 
bound of the First Assessment Report (FAR); the upper side of the range of the Second Assessment Report 
(SAR); and approximately consistent with the Third Assessment Report (TAR).



Temperature Definitions
There are unfortunately, a number of temperature definitions in place. The following table deals with the 
main standards in use.54

Time Period Global  Mean 
Surface 
Temperature 

Level  above  Pre-
industrial temperature55

Where Used?

1750-1850 ~13.7 ~0 Stern review Impacts
EU '2C target'.

1861-1900' 13.7 0 Better  known  'pre-
industrial' temperature ?

1900 13.7 0.1 -
1901-1950 IPCC  AR4  WG1 

Comparing  model   with 
past

1961-1990 14 0.3 Temperature 
Anomalies;  AR4  WG1 
p6 SPM.3

1980-1999 14.2 0.5 IPCC  Future 
Predictions  & Impacts; 
e.g.  AR4  WG1  p14 
SPM.556

2000 14.45 0.75 Hansen (2006) '1C target'

Expected Transient Temperature Rise
The following graph (IPCC 2007a) shows the observed and predicted temperature rise over the 20th and 21st 

Centuries. Note that this shows transient temperature rather than the total temperature commitment. The 
yellow curve shows the temperature rises that would result if we kept GHG concentrations fixed at 2000 
levels.

54 IPCC (2007), based on HadCRUT and GISS data sets. Compare IPCC Third Assessment Report (TAR) estimations, which 
estimates 2000 temperatures as 0.5 Celsius above 1750; and 1900 as 0.1 Celsius above 1750 (See Stern Review p58) 

55 Defined as the temperature between 1861-1900
56 AR4 WG1 Technical Summary p69 TS.26 uses 1990 temperature.



The Impacts of Climate Change
The degree of climate change is usually measured as the overall change in global temperatures relative to 
long term norms. Local temperatures may rise more than the global average since the land will warm faster 
than the oceans and polar regions will warm faster than the tropics. The effects of climate change  are very 
serious for both human civilization and the natural world, and include:

Heat waves, Droughts and Desertification
With climate change, there will be increased frequency of heat waves and droughts in already hot or dry 
areas. The tropics are likely to expand, meaning that the dry zones around North Africa and Mexico will 
spread north and in Southern Africa and Australia will move south, leading to large (over 30%) reductions 
in precipitation for the Mediterranean countries (Spain, Italy, Greece). Changes in precipitation and 
temperature lead to increased water and food stress, famine, refugees, and conflict.

Accelerated Ice Melt and Sea Level Rise
Sea level is likely to rise by between a few inches to a few metres over a century, in a slow but accelerating 
process. The melting of the Greenland or West Antarctic ice sheets over centuries would each raise the sea 
level by 6.5m each (13m in total), inundating many small islands and coastal cities such as London57.

Diseases
Increased disease frequency as malaria and other pathogens spread to other areas. It is possible that rapid 
changes in temperature patterns and the disruption of ecosystems could lead to the emergence of new 
diseases.

Degrading or Collapse of Ecosystems
There will be widespread changes in ecosystems including the collapse of the coral reefs (probably 
inevitable even with moderate climate change).

Carbon-Sink-to-Source Transition
Possible collapse of the Amazon Rainforest leading to further CO2 emissions. This is the land ecosystem 
with the greatest biodiversity and alone would constitute a Carbon cycle feedback of more than 100ppm of 
CO2 (Cox et al. 2000) (Met Office 2000)

Methane-Sink-to-Source Transition
There are already some reports (Pearce 2006) of release of methane from the frozen permafrost. It is 
possible that, for large rises, the massive stores of Methane Clathrate on the ocean bed might be released58. 
Such releases have been implicated in the Paleocene-Eocene Thermal Maximum (seen 50 million years 
ago) and the end-Permian extinction in the so-called Clathrate gun hypothesis (Dickens et al. 1995), 
(Dickens et al. 1997), (Renssen et al. 2004).

Catastrophic 'Non-linear' Events
An increased temperature might cause the collapse of Global heat circulation system59. Completely 
unforeseen effects cannot be ruled out.

Acidification of Oceans 
In addition to the effect of carbon dioxide on global temperatures, it directly effects ocean pH, leading to 
serious effects on ocean micro-organisms for atmospheric concentrations of around 550ppm CO2.

57 If the East Antarctic ice sheet melted, the rise would be 84m; (this seems unlikely, although paleoclimatic evidence (Hansen 
et al. 2008) suggests that it is possible for CO2 concentrations of 550ppm or more).

58 Methane stocks at risk (Stern 2006):
• Permafrost & Wetlands 3000GtCO2 equivalent to 300ppm CO2e over a century or less
• Methane Hydrates: 3000GtCO2? equivalent to a further 300ppm CO2e

59 The flow of cold melt water from the Arctic may interrupt the 'gulf stream' part of the heat conveyor that transports energy 
from the tropics to temperate areas. This will cause Europe and in particular Northwest Europe to become locally much 
(perhaps 5C) colder, and maybe to have a climate more similar to Newfoundland, Canada. Tropical regions such as West 
Africa may become even warmer.



Quantifying Impacts
The impacts of climate change are described in (IPCC 2007b) and (e.g. Warren 2006). An excellent popular 
account based on 500 scientific papers is available (Lynas 2007) 60. The impacts and economic costs of 
climate change are also reviewed in the Stern Review (Stern 2006). 

Discussion: What is the Optimal Earth Temperature?
One of the interesting features of the universe we are in is that the value of fundamental constants in the 
scientific laws that govern it appear in some sense 'just right' to create a complex and interesting universe. 
To the extent to which the laws of nature were different the universe might not work how it does now; or 
might not really work at all. The same appears to be true for life. Life as we know it depends for example 
on being able to create long chains of carbon atoms in molecules essential for life, for example DNA. 

The same could be said about planet Earth and it's habitability. If the Earth were slightly further from the 
sun, it might have stayed forever frozen; a little closer and the water might have boiled, created a hothouse 
greenhouse effect and making complex life difficult. The earth's temperature can also be viewed as near-
optimal for the plants and animals (including mankind) on it's surface.

From an objective perspective, it can be said that life has evolved and adapted within a particular 
environment. The transition from ape to modern man seems to have taken place mostly in Africa, over the 
last million years. After leaving Africa our ancestors hunted woolly mammoths to extinction, tens of 
thousands of years ago. Life has evolved to suit a particular environment and, as James Lovelock has 
pointed out, can be said to have influenced that environment in turn, for example by sequestering carbon 
dioxide from the atmosphere in the form of fossil fuels. Lovelock has recently argued that 'Gaia likes it 

60 Lynas (2007) is not itself peer reviewed, but remarkable as a review of the peer-reviewed literature. A summary is available 
here http://tinyurl.com/cqbtrc   A review (Rahmstorf 2007) concludes that Lynas' reading of the scientific literature is largely 
accurate, although credible risks are sometimes made out to be certainties.

http://tinyurl.com/cqbtrc


cold' (Lovelock 2006) - biological temperature control mechanisms work better at a lower temperature.

Lovelock in addition argues that the earth regulates the temperature of the earth. One analogy he uses is 
'Daisyworld'; such a world can regulate it's temperature. Biological and ecological systems however are 
quite different from simple physical or chemical systems. Typical of biological systems it may exhibit 
negative feedback up to some threshold, and positive feedback or catastrophic failure past this threshold.



Ethics and Economics
We have determined (section 1) that we need to reduce emissions down to approximately 7 Gigatonnes of  
CO2 to stabilize at approximately current concentrations of CO2. But how fast should we or could we get  
down to this level?

Should We Do Anything About Climate Change?

• Firstly, a question about the significance of future climate changes. This question 'Does the weather 
really matter' - the social implications of climate change has been dealt with in detail (Burroughs 
2001). Climate change affects the poor more than the rich; and the natural world even more than the 
human world.  

• Secondly, the questions as to whether we should care about them even if they do matter. Does the 
future matter?

• Thirdly, the significance of the natural world relative to human wants.

The best place to go for an overall review of the economics is still the Stern Review (Stern 2006), although 
the reader should be aware that the area of discount rates is not uncontroversial.

Here is a summary of what can be quantified and what cannot:
 

1. GDP losses from further climate change may amount to 5-20% of GDP (Stern 2006)
2. However, the 'insurance cost' of climate change may be dominant in our thinking: it may be rational 

to pay almost anything to insure against unbounded harm. (Weitzman 2008) (Weitzman 2007).
3. Stern doesn't include 'Societal Contingent Events' – Mass migration, water, food riots etc.
4. Societal change (is the response of society fragile – Easter Island, Sudan, etc. or robust?) (Diamond 

2005)
5. Unexpected events – 'unknown unknowns' may not be taken into account (Diseases, weather etc.) 
6. If we have to pump it out - it might be possible but it will cost us - $500/tC? ($130/tCO2?) (Keith et 

al. 2006).  Will anyone pay?

An interesting discussion of the ethical aspects of the Stern Review is available in Jaeger et al. (2008):

“The Review has compared climate change to experiences of suffering like World 
War I. That war, however, hardly affected global GDP. The long-term damages to be 
expected from business-as-usual greenhouse gas emissions include loss of the coastal 
cities of the world over the next millennia. This would be an act of unprecedented 
barbarism, regardless of whether it would slow down economic growth or perhaps 
even accelerate it. Business leaders worried about climate change need to pay 
attention to the tensions between ethical and economic concerns.”



Global Warming Commitment61

Impacts

61 Temperature commitment adopted from IPCC (2001) . Impacts from IPCC (2007b)



Discussion
“THE THINKING DISTANCE, BRAKING DISTANCE AND OVERALL STOPPING DISTANCE”

Climate change is a particularly difficult problem to 
solve. Usually, when society is faced with a serious 
problem, there will be people who have been seriously 
affected or damaged by the problem, and they will 
demand redress and reform. In the case of climate 
change, we have to think ahead to the most serious 
damages happening in the future. There is a lag of as 50 
or 100 years between our policy or personal actions now 
and the  full impacts and consequences of those actions. 

It is a bit like the situation faced by drivers on a road. 
When we learn to drive, we are taught that there is a 
'stopping distance'; it takes time to react to a stationary 
hazard and then further time for the car to stop. When 
faced with a stationary hazard ahead of us, it is not 
enough to wait until the car becomes damaged as it hits 
the stationary object; we have to look ahead. It's exactly the same with climate change.62 

Thinking, Breaking & Stopping Distance for a Normal Car. Climate change has many lags which mean 
that we have to look ahead, quantifying the risks and timings to avoid serious danger.

Since the majority of the human impact and consequent political pressure will not take place until it is too 
late to avoid them; we need to find ways to think ahead and predict the future. In the case of the car, we 
look ahead and see the future; and we know individually from training or experience that we have to stop 
the car. However, collectively thinking ahead may be more difficult in novel situations; we may mostly 
look at what other people are doing; that leads to a collective 'tipping point' which will come when people 

62 One of these reasons is the lag between changes to policy, which affect investment, the cumulative effect of investment 
affects emissions, the cumulative emissions affects the concentration of greenhouse gases in the atmosphere, and the 
concentration of greenhouse gases affects the cumulative temperature. Temperature takes time to adjust to any given 
concentration due to the thermal inertia of the oceans, and this raised temperature will lead to increased humidity and further 
increases in temperature. A higher temperature will lead to further increases in carbon and other greenhouse gases:

1. The main measure to deal with climate change are policy interventions such as carbon taxes and regulations 
(T). (Change in level of the accelerator). A constant escalation in policy is an averaged representation of multiple 
policy uncertainties and inertia.

2. Aggregate climate policy (e.g. carbon prices) (P) represents the cumulative effect of these interventions or 
tightening caps P=int(T). The level of Carbon Prices is related to the net increase or reduction in polluting assets 
(including the investments of lifestyle change).

3. The accumulation of investment decisions will affect the level of emissions(E)=int(I) (Speed) 
4. The accumulation of emissions that determines the future or final concentration of greenhouse gases C=Int(E) 

in the atmosphere (Distance) 
5. The level of greenhouse gases (which we hope will stabilize) determines the planetary heat imbalance. 

However, it takes time for the temperature to adjust, due to the thermal inertia  of the oceans. 
6. As the temperature increases, the humidity of the atmosphere will also increase. This will further increase the 

temperature (this is known as a 'fast feedback'). 
7. As the temperature further increases, the increased temperature will melt ice, and release stored carbon from 

the biosphere over a time-scale of a century or so (this is known as a 'slow feedback'). 



start to take a problem seriously.

Certain groups in our society are able to look ahead with vision; the people building great infrastructure 
projects such as the sewers of London for example; others perceive dangers before others (e.g. Churchill 
warned about the dangers of Hitler in the 1930s). Risk management can be dealt with by regulation or by 
strategic institutions in our society. The people who maintain our defence forces are defend us against 
foreseeable future risks. We need robust global defence against climate change; and the best form of 
defence is to avoid the problem altogether.

The difference in perspective between those who look ahead and those who do not may explain why there 
often appears so much shrillness in the debate over climate change, especially in the United States. Self-
styled climate 'sceptics' argue that the evidence for existing climate change is limited and does not justify 
the rhetoric of  'a state of planetary emergency' (Gore). Few people, at least in the United States are seem to 
be affected directly to the level that justifies such a public outcry. Some even refuse to accept that we live 
on a planet kept warm by a greenhouse effect driven by carbon dioxide and a few other gases; and that by 
emitting the gases at current or increased levels, the global temperature will rise.

Many scientists and those who cross disciplines, by contrast, are asking a different question: what do we 
need to do now to avoid an unacceptably high risk of very damaging future changes to the climate? Trial 
and inevitable error is an unacceptable approach when there is no second planet to live on: if we mess up, 
we are stuffed. We need to understand the structure of the world and the future choices available to us and 
so take avoiding action in time. 

We need to understand the capabilities of the planetary vehicle we are in; and take avoiding action to clear 
and present dangers facing us on the road ahead. Although dangers can sometimes seem far off, we also 
need to take account of the fantastic speed we are travelling.
 
With foresight and a bit of luck we can probably avoid the most serious impacts and risks of climate 
change. To do so, policies to drive a move to a zero carbon society need to be implemented soon across the 
world: in the next UK parliament, and with the new United States administration.



Conclusions
It is well known that the temperature of Earth is significantly (IPCC 2007a, p.516) warmer than it would 
otherwise be, due to a 'greenhouse effect' driven by Carbon Dioxide (CO2) and other so called greenhouse 
gases(GHGs); a warming that is amplified by water vapour. Humans are now emitting carbon dioxide from 
burning fossil fuels, industrial and agricultural process and land use change, at a rate about seven times 
faster than the oceans absorb it (see chapter 1). 

The atmospheric concentration of CO2 is now higher than any time in the last 720,000 years (Augustin et 
al. 2004), and probably the last 22 million years (Cox et al. 2000). The concentration of other greenhouse 
gases is similarly elevated. In addition to the warming effect of CO2 in the atmosphere, the flow of carbon 
dioxide into the upper oceans is decreasing the alkalinity of the oceans, (an effect known as 'ocean 
acidification'), with potential effects on ocean ecosystems the food chain. 

There is strong evidence that the Earth’s surface has been warming up (including surface temperature 
records and the observation of glaciers worldwide (IPCC 2007a)). So far, the global temperature has risen 
by about 0.75°C above the long run average(IPCC 2007a; Chapter 3; Page 237). The latest report from the 
International Panel on Climate Change, summed up the global picture of observations in 
uncharacteristically bold language, asserting that “warming is unequivocal”.63

Over the next century, global temperatures are likely to increase by an average of a further 1.5-6°C 
according to the collection of models assembled by the (IPCC 2007a) although the rise could be larger with 
positive feedbacks of various types (Cox et al. 2000) (Pope 2008). There is a lag of many decades between 
human behaviour and infrastructure, and the full impacts of that behaviour and infrastructure.

To avoid 'dangerous' climate change (which has been defined as a rise of more than 2ºC above the pre-
industrial), we must take immediate action to convert to a near-zero emissions economy (chapter 2), with a 
90% reduction in developed countries' carbon dioxide emissions by 203064. If the UK took the necessary 
actions now, they could be widely copied in other parts of the world, such as the rest of Europe, North 
America, China, and India. I will argue later in this book that it is feasible to move quickly to a zero-carbon 
economy and that the required investment would have economic benefits, but it will require large changes 
in government policy65.
 

63 Having said that, certain parts of the world have been warm relative to long term norms in the recent past (e.g. the northern 
polar region around 1940; parts of the world in the medieval warm period) and not all of the world is warming consistently 
(Antarctica shows little trend warming for example, mostly due to effects associated with the ozone hole and wind). 
Nevertheless the overall pattern of warming world wide is extremely rapid and is broadly consistent with what could be 
expected from the anthropogenic and natural forcings.

64 See chapter 2 and 3
65 See chapter 3



Further Reading
• IPCC - Fourth Assessment Report (AR4) – Synthesis Report: http://tinyurl.com/2b6q2m 
• Sir John Houghton – “Global Warming the Complete Briefing”
• David Archer – “Global Warming: Understanding the Forecast”
• Sir David King – “The Hot Topic”
• Mark Lynas – “Six Degrees”
• William James Burroughs – “Climate Change a Multidisciplinary Approach”
• Robinson and Sellers - “Contemporary Climatology”
• Tim Flannery - “The Weather Makers”
• James Garvey - “The Ethics of Climate Change”
• William James Burroughs - “Does the Weather Really Matter?”

http://tinyurl.com/2b6q2m
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PRINCIPLES TO DETERMINE GLOBAL AND NATIONAL EMISSIONS 
REDUCTION TARGETS66

“It is the mark of an educated man to look for precision in each class of things just so far as the nature of 
the subject admits” […] “To the youthful and to the morally incontinent, knowledge [of ethics and political  

science] brings no profit; but to those who desire and act in accordance with a rational principle,  
knowledge of such matters will be of great benefit.” 

– Aristotle67

“Actions speak louder than words”  
– Traditional proverb

How fast do we need to reduce our greenhouse emissions for a secure future? Targets for reductions 
in greenhouse gas emissions are derived, consistent with a fair chance of avoiding dangerous climate 
change. Specifically, targets that imply a maximum 50% chance of global temperature rises 
exceeding 2 Celsius above the pre-industrial level are recommended68. A methodology is proposed for 
translating between a global target and a national target, based on diffusion of climate change policy 
and low-carbon technologies.

66 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
67 (1980, p.4)
68 As agreed by the European Union and many countries worldwide (UNFCCC 2009).



CONTENTS

1. Purpose of Emissions Reductions     

2. Methodologies for Deriving Emissions Targets     

3. Methodology for Targets from Climate Science     

4. Methodology for Deriving National Target from Global Target     

5. Feasibility of Emissions Targets

6. Conclusions     



Emissions Targets69

What Are Emissions Targets?
Emissions targets specify the intended future trajectory or cumulative budget of emissions of greenhouse 
gases. Emissions targets may be set at a global level, or at the scale of a political unit such as the nation 
state. Targets are intended to guide policy and provide a greater degree of certainty over future direction.

Static and Cumulative Targets
The purpose of setting targets for reducing global CO2 (eq.) emissions is to comply with two goals. First 
there is the need to stop global warming by preventing the relentless rise of greenhouse gases. But stopping 
global warming by an agreed date is insufficient; it is even more important to keep the warming below a 
limit on dangerous anthropogenic interference in the climate system and this depends on the accumulated 
emissions of CO2(eq) i.e. the area under the emissions versus time graph.

Enforcement of Targets
Targets can be rigidly enforced, approximately enforced or not enforced at all. Approximately enforced 
targets can be as often over achieved as underachieved. For example, many central banks have the inflation 
rate as a target and the interest rate as the tool to achieve that target. In the same way, climate change 
targets could be enforced (rigidly) by an upstream emissions permits system or by a carbon tax that is 
gradually adjusted to meet the target (a 'tax-to-target' scheme). 

Dangers of Targets
Some targets have their dangers and we need to be careful to avoid them. In this case the danger is that the 
target could lead to complacency and perhaps place a barrier between policy and the research which lies 
behind it. This is particularly important in the case of global warming because the risks of getting it wrong 
are so great.  Targets can also be a substitute for meaningful action. Governments set a target so as to be 
seen to be doing something; then often ignore it and then readjust the target; perhaps making future targets 
stronger. Targets are not enough. Real policy changes affecting the real economy are required. However, we 
still need to know approximately on what time scale and what sort of action is required.

Adaptive Targets
Targets are inevitably a balance between what is necessary to prevent climate change and what is possible 
in a modern society. But we don't know in advance either what is necessary or what is possible. If we try to 
stick to targets too rigidly, we may lack the flexibility to abate emissions fast if it turns out to be easy or if 
climate change turns out worse than expected. We may need policy that allows us to overachieve on our 
targets. When dealing with the real political battle of climate change, we should take note that the benefits 
of tackling climate change accrue on a global basis, whereas the costs of tackling climate change exist on a 
national level. Here we assess what is necessary on a global scale and then we assess what that would mean 
from a national perspective, and finally whether such targets are technically and economically feasible on a 
national scale.

Methodologies for Determining Targets
Emissions targets are in principle a balance between two factors: 

• firstly, the risks and damages associated with climate change, some of which we could avoid by 
rapid emissions reductions;

• second, the costs or benefits and technical feasibility of reducing emissions at different rates.
There are three sorts of justification that we could bring to bear:

69 For example, in the 2009 G8 summit in Aquila, Italy, the leaders gathered there backed:
• A 50% reduction in global emissions by 2050 (CNN 2009)
• “A broad scientific view that global warming should be limited to below 2 Celsius above pre-industrial times” (Reuters 

2009)



A) An analysis based purely on climate science deriving a required emissions reductions rate to avoid 
dangerous climate change, or to keep damages below a certain, critical level.

B) An analysis based on the expected capability of the economy to reduce emissions, deriving a 
possible emissions reduction rate;

C) A mixed analysis that balances both the expected behaviour of the climate and the expected 
capability of the economy. 

In the next two sections, I will consider two possible approaches to balancing the costs and benefits of 
action, cost-benefit analysis and risk analysis.

Cost-Benefit Analysis
The main tool used by economists to evaluate public policy is Cost-benefit analysis (CBA). Cost-benefit 
analysis assesses both the costs and the benefits of a proposed policy. Costs and benefits are measured in 
terms of welfare, which itself can be defined as the gain expected from a project.

Cost benefit analysis implies a certain decision rule. If the (risk-adjusted) expected benefits of proposed 
project or policy exceeds the costs, the economist's recommendation would be that the policy or investment 
should go ahead; if the (risk-adjusted) costs exceed the benefits, the economist's recommendation would be 
that policy or investment should not go ahead70. 

The theoretical foundation for cost-benefit analysis is outlined in Dasgupta (2001).The CBA decision rule 
is formally equivalent to the criteria that a project or policy increases wealth, where wealth is defined as the 
social value of capital assets. This can be compared to the decision rule of a company which is whether a 
project makes a profit, which is to say increases the wealth of the company's owners, where wealth is 
defined as the private value of capital assets, plus any cash or financial claims on others. Cost-benefit 
analysis for the policy maker71 is equivalent to a financial assessment of expected addition to profit or loss 
of a project a company, but with social values rather than  private values considered. So in summary the 
CBA decision rule is simply to go ahead if our societal valuation for something is positive. CBA merely 
shifts the frame of decision making into the realm of social valuation. But determining social valuation is 
no mean feat.

The Stern review contains the most serious form of CBA. The Stern review suggested that we should pay 
approximately 3% of GDP in order to achive benefits valued at 5-20% of GDP. As such it recommended 
emissions reductions consistent with stabilizing greenhouse gas concentrations in the range 450-
550ppmCO2

e (400-490ppmCO2), and a price on carbon of $85/tCO2. 

Difficulties With Cost-Benefit Analysis
There are the following major questions about cost-benefit analysis, specifically in the context of the Stern 
Review:

• The lack of a global government and therefore the importance of the benefits and most importantly, 
the costs of climate change action to individual agents.

• The appropriate discount rate to use
• The appropriate way to value the risk of catastrophic events

For a review of further questions see 

Collective Moral Incontinence and Anarchy at the Global Level
Cost-benefit analysis typically assumes that there is a state able to enforce its will. But the problem of 
climate change is a collective action problem. Nevertheless, even without a global government, it might 
still possible to set up cost-benefit analysis as a global ethical analysis as to whether the world should 
tackle climate change. For more details see Gardiner (2006).

The Discount Rate
The question as to the appropriate discount rate appears to be an open one, with fundamental disagreements 

70 For a review of Cost-Benefit analysis is available in Perman et al. (2003)
71 Assuming such an individual exists.



between economists and between philosophers. Whilst Stern's choice of a low discount rate could be 
justified on utilitarian or Kantian ethical grounds, economists or Humean ethicists might choose a different 
assumption. It seems that deciding over a discount rate is one of the most important factors governing the 
outcome of our cost benefit analysis. Economists have criticised Stern's analysis on relying on the choice of 
a low discount rate in order to justify action. However, there is a factor which dominates the discount rate: 
the question of risk. A discussion of the discount rate issue see 

Valuing the Risk of Catastrophic Events
Weitzmann (2007) argues that Stern is “correct but for the wrong reasons”, In particular, he argues that the 
benefit of tackling climate change is dominated by the benefit of a reduced probability of catastrophic 
climate change. Weitzmann therefore cautions against over-reliance on cost-benefit analysis. Work since 
the Stern review suggested that, in a risk based framework with risk aversion, the benefit of tackling 
climate change may be dominated by the risk avoided (Weitzman 2008). Whilst the assumptions in the 
Stern review, especially over discount rate, have been questioned by many, Weitzmann's approach has 
suffered far less criticism and has been endorsed by many on either side of the discuount rate debate.

We will later find that the risks of dangerous climate change, even under stringent mitigation measures, are 
higher that we would hope. Consideration of the numbers involved can give us an assessment of the 
increase in risk for a certain emissions path. Whilst we may not be able to eliminate risk, we may be able to 
value the reduction in risk.

Assumptions
A final difficulty with using cost-benefit analysis is the clarity of the assumptions used. The concern that 
CBA has not achieved polticial legitimacy. We will then consider the question 'how fast is needed to avoid 
the most serious risks' and 'how fast is possible, given the economic and political needs'.

This has the advantage that 192 countries under the United Nations Framework Convention on Climage 
Change, have agreed to stabilize greenhouse gas concentrations avoiding dangerous anthropogenic 
interference in the climate system. Instead of bringing a whole set of unclear assumptions to bear on the 
problem we will assess the targets which seem to appear necessary to avoid dangerous climate change and 
then see what appears to be possible in a modern market economy. By assessing what is necessary to avoid 
dangerous climate change and then assessing what appears possible, we will come to a reflective 
conclusion as to the correct target to be put in place.

After determining the global target, we will attempt to attribute this to individual nation states. It is vital not 
to lose sight of the global picture while considering national targets. The global aims must be to avoid 
Dangerous Anthropogenic Interference (DAI) caused by global warming and also to limit the “acid ocean 
effect” caused by the solution of carbon dioxide (CO2) in sea water. The EU’s working definition of DAI is 
any warming above 2 degrees Celsius compared to pre-industrial (1750) levels. We have already used up 
about 0.8 deg. C of that with about 0.6degs.C committed warming in the pipeline (independent of 
additional emissions). It's necessary to fully link our emissions target trajectories to the impacts of climate 
change.



What is Necessary for a Fair Chance of 'Avoiding Dangerous Climate 
Change'?

The emission of greenhouse gases on the current scale is a clear and present danger to the future of life on 
this planet. A stabilization target and approximate descent path for global greenhouse concentrations should 
be agreed in accordance with the following principles:

1: Stabilizing Greenhouse Gas Concentrations
It should comply with the UN Framework Convention on Climate Change (U.N. 1992) overall objective to 
stabilize greenhouse gas concentrations.

2: Avoiding 'Dangerous Climate Change'
As also agreed at the summit, the target should also avoid 'dangerous anthropogenic interference' with the 
global atmosphere ('avoiding dangerous climate change'). Even if there is some uncertainty about the 
science, if we can, we should surely act to cut GHG emissions, as no harm will probably be done if its a bit 
unnecessary and hopefully good will be done if it is.

3: Definition of 'Dangerous Climate Change': 2oC above pre-industrial temperatures
Many scientists suggest (e.g. see (Schnellnhuber & Cramer 2006)) that rises in global temperatures should 
be limited to 2 Celsius above the pre-industrial level. This target has been adopted by the European Union 
(European Commission 2005).

Note that Hansen et al. (Hansen et al. 2006) argues that dangerous climate change is an increase in 
temperatures of 1oC above 2000 levels or 1.8oC above pre-industrial levels72.

For the time being we define dangerous climate change as a temperature rise of 2oC above pre-
industrial levels consistently with the EU definition. 

4: Target Probability of Avoiding Dangerous Climate Change
Since climate science involves multiple uncertainties it is not enough to decide upon a target; we also need 
a target probability of achieving those goals. However, the lack of a politically defined target probability for 
achieving the two Celsius target means that 

5: Stabilization Level of Global Greenhouse Gases
The Stern Review recommended stabilization of all greenhouse gas emissions in the range of 450-550ppm 
CO2 equivalent. CO2 alone needs to be stabilized at or below 450ppm. 

Hansen now suggests that we have passed what constitutes a dangerous concentration of CO2 in the 
atmosphere. He suggests that we now need to return to 350ppmCO2

only.73 

Many climate scientists have also argued for the notion of cumulative targets in regard to 350ppmCO2e 
(Carbon Dioxide Equivalent) 400ppmCO2e or 450ppmCO2e. The final concentration depends heavily on 
the path taken and not just the final point.

6: Target Reduction in Global Greenhouse Gas Emissions74

We have already determined that if we are to stabilize greenhouse gas concentrations, then we will need to 
reduce greenhouse gas emissions (to be precise, to less than 7 Gigatonnes of CO2 per year). This is an 85% 
reduction in current total global greenhouse gas emissions. To stabilize carbon dioxide concentration, this 
needs to fall below 7 Gigatonnes per year. To stabilize total radiative forcing, other greenhouse gas 
concentrations also need to stabilize; and so emissions must fall to the overall rate of deposition in the 

72 This is the maximum at the last interglacial – any higher and we risk 'seeding irreversible effects'. 
73 Others (e.g. see Joslin 2009, forthcoming) suggest that to avoid the planet 'cooking', returning to pre-industrial levels 180-

280ppm  CO2 would be a better bet.
74 With other greenhouse gases in net balance, so that the difference between CO2 forcing and total forcing is approximately 

equal to the present level.



oceans. The IPCC think we need to do this by 2050. I will argue a little later that we should act more 
rapidly.(Anderson & Bows 2008)

The G8 communiqué mentions the EU and Japanese target to reduce greenhouse gas emissions by at least 
50% by 2050. The UK target needs to be consistent with this goal.

7. Cumulative Target
There is a danger associated with having a single simplistic target where more than one is needed. Consider 
for example a motorist who finds that his accelerator jams at a high level just when he sees a cliff in front 
of him. His speed is 30 metres per second and the barrier is 600 metres away. Someone advises him to set a 
target of stopping within 16 seconds during which he has to free his accelerator and apply the brakes. The 
fault here is that the target mentions the final speed (zero) and the time, but not the distance travelled which 
is equal to the area under the speed versus time graph. That distance must be less than 600 metres. If there 
is any delay in taking action it may be possible (in theory) to meet the target but not to avoid the wall. It 
must be of some concern that the 60% target for carbon dioxide emissions fails to mention the 
accumulation of carbon dioxide which will be produced between now and the target date. 
To achieve at a maximum 50% chance of keeping global temperature rises below two degrees Celsius 
above the pre-industrial level, global cumulative emissions of CO2 for the 21st Century remain below 1 
trillion tonnes of CO2. 30% of the budget has already been used up, leaving 600 billion tonnes left.



Deriving a National Target
In addition to global targets, it may also be useful to consider national targets75. 
In order to translate between global targets and national targets we need to use some principle to translate 
between the two. The Royal Commission on Environmental Pollution report (Royal Commission on 
Environmental Pollution 2000) recommended the use of the principles of ‘Contraction and Convergence’ 
developed by Aubrey Mayer of the Global Commons Institute (Mayer n.d.). By assuming a date where all 
global emissions converge, the model assumes that the whole world converges to a single per-capita level 
of emissions.76 Under these assumptions it is also possible to derive a global emissions target. Sicne the 
RCEP report, C&C has become the de-facto standard for translating between a global and a national 
targets.77

Convergence: Why?
We divide the world into leaders, and followers. 

• Leaders reduce emissions relatively fast. If we wish a 'mean response' to climate change to fit the 
'contraction and convergence' model, then the leader's response must be to cut emissions faster than 
the model suggests.

• Follower will reduce CO2 once it is shown that it is not too politically or technologically difficult to 
do so or will need to be shown that it is in their selfish interests to reduce emissions.78

Leaders set a ethical and technical model that others might follow  ethically & diplomatically. Collective 
effort will be less than that of the leading nation (this is mathematically true if we define the leading nation 
as that with the steepest descent path) There is some evidence for copycat behaviour in international 
politics. Bans on smoking in public places, first taken up in countries such as Ireland, spread across Europe. 
Peer pressure and the need not to be 'left behind' in a new trend may be motivating factors. When faced 

75 National targets allow us to relate the overall requirements to reduce greenhouse gas emissions to the scales at which the most 
significant political activity is primarily located, the national scale. In order to do this, we need an 'allocation principle'. One 
commonly used such principle, known as 'contraction and convergence'.

76 What is contraction and convergence (C&C)?
C&C is a set of principles for distributing emissions rights amongst countries around the world. C&C suggests that 
a) global emissions should be reduced to the levels necessary to stabilise global greenhouse gas concentrations (contraction).
b) rights to emit greenhouse gases should be allocated on a per capita basis. Over time, the amount allocated per person should 

smoothly move from current levels to an equal per-capita level (convergence).
c) if a country emits more than it's allocated quota, that country would need to buy permits from those countries who emit less 

than their allocated quotas.

Contraction
Contraction Path is a smooth graph consistent with this set of 5 parameters:

• Existing emissions
• Convergence level of global emissions 
• Cumulative Emissions between now and then
• Existing rate of change
• Rate of change at convergence point

This defines a global contraction path.
It is not just the contraction path that is relevant, it is also the cumulative emissions between now and the convergence point.

Convergence
Global emissions are planned to converge at a particular date in the future. UK smoothly transits from the current level of 

emissions to a fair share of global emissions. 
77 The system of contraction and convergence outlined by Mayer requires five different parameters. It is possible to 

considerably simplify this system as follows, in order to allocate a cumulative budget for example for the 21st century, for 
example by allocating the global budget according to existing emissions. Using this system it is possible to give back of the 
envelope calculations of the permitted budget.

There are two problems with this approach: 
1. It implicity assumes convergence to zero, a possibly unrealistic assumption
2. It is unfair on countries with low existing emissions.

78 A potential criticism to this classification is that countries are not represented by a 'representative country'. In the real world, 
some countries might actually need to increase their emissions to reach a 'contraction and convergence' level. These countries 
can arguably converge more rapidly than currently expected. This criticism is not valid because emissions and potential 
emissions are rising very rapidly in the developing world. It may be just as difficult for these countries to reduce the rate of 
growth than for developed countries to reduce their emissions in absolute terms. 



with a question with an unknown answer, especially one such as 'what should I do', looking at what other 
people are doing is often a key piece of evidence. People are cautious of the new; demonstrating a new way 
of doing things may lead to people copying it. What is a reasonable lag between the leaders of the pack and 
the laggards? We suggest that the leaders would reduce emissions 10-15 years before the average country, 
and 20-30 years before the laggards. When calculating the emission reduction needed to make a particular 
concentration target, we must account for this lag too.

The idea of leaders and laggards reframes our questions of urgecnt. One suggestion is that we should set 
2050 as a target for achieving this target, nevertheless this is the target for the whole world. Certain 
countries may wish to see themselves as 'leaders'; for these it is necessary to cut emissions more rapidly 
than the target suggested by 'contraction and convergence'. For any given reduction in emissions, to achieve 
a certain stabilization level, leading nations may need to reduce their emissions faster than required by 
'contraction and convergence' if the world in aggregate is to achieve stabilization at any given level of 
greenhouse gases. The lag between the leader and the laggard might be as much as 20-30 years. 

Convergence: When?
It is questionable how realistic is the assumption that the whole world converges on a particular per-capita 
emissions level at a single date. Economic convergence, unlike ideal convergence, is likely to be highly 
imperfect. Far from suggesting that sharp cuts are impossible, political realism in fact suggests that we need 
to make cuts faster to take account of the lag involved in adoption of these technological-economic model 
in other parts of the world. If the developed world does not act rapidly, it will lose the 'leading role' in 
technology entirely.

The above analysis assumes that other countries will converge on emissions in a complete and equitable 
fashion. An alternative assumption is that some countries (particularly the developing world) will 'wait and 
see' for the developed world to introduce non-CO2 dependent way of life, before doing so themselves. In 
this, more pessimistic view, global emissions will only converge on that of a 'climate leader' after some 
delay. It may be necessary for the UK to 'show the way' early, to avoid locking in a large amount of CO2-
intensive infrastructure in China and similar countries. Our emissions have been compared (Flannery, 2006) 
to the development of cancer in the human body: they may reach a stage where it is simply not possible to 
turn it around. 

An alternative proposal is for translating between a global cumulative budget and a national emissions 
budget is developed here:

1. Define the cumulative budget. Subtract any emissions prior to the date where contraction is 
expected to commence. Equals the remaining cumulative budget.

2. Define the global floor emissions; Allocate floor emissions on an equal per capita basis for the 
whole period. This constitutes the floor emissions. 

3. Subtract the floor emissions from the remaining cumulative budget. The remaining emissions are 
the convergence emissions, allocated according to existing budget

4. Allocate the convergence emissions as follows: 
1. Determine the proportion x of total emissions covered by the leader levels 
2. Define the convergence time from the total budget by assuming a linear reduction from current 

levels
3. Assume that leader nations will immediately reduce emissions whereas follower nations will 

immediately stop the increase their emissions, but will only start to decline once the leader 
nations have reached their core emissions.

4. The leader's convergence time would then be x*total convergence time.



Feasibility of Rapid Cuts in Emissions: What is Reasonable?
In the light of the above, it might be that engineering principles might be used. One such principle, used to 
regulate radioactive emissions, is known as “As Low As Reasonably Achievable” (or “ALARA”). We 
might augment this with “As Quickly As Possible” (AQAP). The question is: what is reasonable? 

Time scales consistent with carbon-intensive infrastructure renewal
We can get some idea from the lifetime of typical large-scale infrastructure of one to a few decades (Stern 
2006). In the UK and similar countries, many large power stations are over half way through their lives; 
which suggests a complete renewal in twenty or so years is not impossible if we start building now. Much 
large scale infrastructure (power stations, railway rolling stock, buses) require renewal over a time scale of 
10-30 years. A rapid decarbonization target would, in effect, outlaw the creation of new carbon-intensive 
infrastructure.

Time scales consistent with historical examples
There are many historical examples of reductions in carbon emissions but many of them are associated with 
economic collapse (the Great Depression; the collapse of the USSR). A couple that are not are associated 
with changes in fuel mix in electricity generation: in particular, the 'dash for gas' in the United Kingdom, 
and the expansion of nuclear energy in France. A typical Frenchman emits around 6.5 tonnes of Carbon 
Dioxide per year; this can be compared to a German or a Brit, where the figure is 10 or 11 tonnes of CO2 

per year. The task of climate change can be approximated as doing 3 or 4 times what France achieved; but 
working on a number of different fronts (e.g. including other forms of low-carbon energy, such as 
renewable energy, energy efficiency, electric cars). We will come to energy policy in later chapters.
Other historical examples of fast economic transformation include UK mobilization before WWII and US 
mobilization for WWII after Pearl Harbor; as well as the development of railways in England in the 
nineteenth Century and the development of mobile phones in the late twentieth century. Transformation of 
tax codes has happened in the 1980s.

Time scale consistent with non-delay of essential governmental decisions
With very rapid decarbonization, the government would be forced to treat the problem with a degree of 
urgency that is required at some point to solve the problem, since there would be literally no time to waste. 
Every year delay would, in effect, delay the outcome by one year.

Timescale consistent with the effect of carbon prices
The timing of emissions reductions appears a question that the market might presumably be able to 
determine. In order to find this out, the government could impose a relatively high carbon tax, and see what 
happens. There remains the question about what exactly is reasonable and relatively high. A useful marker 
might be the level in terms of carbon to the oil price jump from the early 2000s to 2007.

Discussion
It is not known how fast it is possible to reduce emissions, even given a set of assumptions over what sort 
of governance structures are in force. It would therefore be useful to model the transition to a near-zero 
carbon society over twenty years, using commonly-used modelling tools (e.g. the Markal model used for 
the UK Energy Research Centre's Energy 2050 project). 



Conclusions
In the absence of global governance or 'burden sharing' structures, it is argued on three grounds, that 
emissions reductions for 'leader nations' in the developed world must be more rapid that those of the 
'follower' nations.

1. Some nations will be more committed to solving climate change than others; mathematically, the 
leader nations must reduce emissions more strongly, so that the average emissions reduction rate is 
consistent with the overall global target.

2. Most countries, it is argued, will have a 'wait and see' attitude: they will want to see that it is 
demonstrated that reducing emissions has low costs

3. The United Nations Framework Convention on Climate Change argues for 'common but 
differentiated responsibilities', usually taken to mean that the existing high emitters in the developed 
world must lead.

It is not known whether rapid decarbonization is possible (given background assumptions), and if so, the 
relevant costs. Because of this uncertainty, it might be sensible to find some mechanism to infer the 
information from the market. Although energy system costs are likely to be higher, there is also evidence of  
wider macroeconomic benefits to GDP and employment from rapid decarbonization strategies (Terry 
Barker & al. 2009; T. Barker & Jenkins 2007).

The stakes are very high. It should be noted that without this leadership, there is a much higher risk that the 
level of carbon-based infrastructure will be so high, that, far from reaching the 2 Celsius target, it may not 
be possible to stabilize greenhouse gas concentrations at all. 
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WHAT SHOULD NATIONAL EMISSIONS REDUCTION TARGETS 
BE?79

“It’s not enough that we do our best; sometimes we have to do what’s required”                                – 
Winston Churchill 80

What do the required stabilization paths and the principles of allocating emissions mean for national 
targets? The existing UK emissions targets as defined in the UK Climate Bill and draft US legislation 
are set out and the possible implications of such targets are outlined. The consequences of those 
targets – and of no targets at all – are considered.

79 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
80 (Wikiquote 2010; from Goodwin 2007)



Existing National Emissions Targets

UK
In order to prevent destabilization of the Earth’s biosphere it is necessary to stabilize greenhouse gas 
concentrations at safe levels, in a time-scale that avoids the most dangerous risks associated with climate 
change.  Long-term government targets, in conjunction with the necessary policy to achieve those targets, 
are important in achieving that goal. The UK government proposes a 80% reduction in UK CO2 emissions 
on 1990 levels by 2050 (from 600 million tonnes CO2 to 120million tonnes CO2 or from 10 tonnes to 2 
tonnes CO2 per person per year). 

The UK Climate Change Act (UK Department for Environment Food and Rural Affairs (Defra) 2008) sets 
out the concept of a climate change target and the concept of statutory budgets for carbon dioxide 
pollution . The UK Committee on Climate Change has recently published recommendations for the UK 
target at 2050 (UK Committee on Climate
 Change 2008)

The recommendations are as follows:
• A reduction in carbon dioxide emissions of 80% by 2050.
• A UK budget for the next three commitment periods as follows:

These were adopted by the government:

UK government targets for the first three budget periods

These proposed targets are comparable to the Committee on Climate Change recommended 'interim' targets 
(targets to be adopted in the absence of international agreements to tackle climate change) and 'intended' 
budgets (see below). Source: (UK Committee on Climate Change 2008).

Actually the effective target is even less stringent since it excludes other greenhouse gases, the full 
warming effect of aviation, and entirely excludes international aviation and navigation and the energy 
embodied in imported manufactured goods.)

Consequences of Targets

We have now committed to approximately 2 degrees Celsius of warming81 . Every decade delay in reducing 

81 The current radiative forcing from well mixed long-lived greenhouse gases is approximately equal to that expected to lead to 
a temperature increase of 2 Celsius above the pre-industrial level. IPCC scenarios envisage a rapid reduction to carbon 
balance by 2050 and a net drawing of carbon out of the atmosphere after that point.

Budget 1 (2008-12) Budget 2 (2013–17) Budget 3 (2018–22) 
Carbon budgets (MtCO2e) 3018 2782 2544

22 28 34
Traded sector (MtCO2e) 1233 1078 958

1785 1704 1559

  

Percentage reduction below 
1990 levels 

Non-traded sector (MtCO2e) 

Interim CO2 budget (MtCO2)
Budget 1 Budget 2 Budget 3

(2008-2012) (2013-2017) (2018-2022)
Traded sector 1233 1114 1011

Non-traded sector 1304 1235 1103
Total 2537 2349 2114

Intended CO2 budget (MtCO2)
Budget 1 Budget 2 Budget 3

(2008-2012) (2013-2017) (2018-2022)
Traded sector 1233 1009 800

Non-traded sector 1304 1201 989
Total 2537 2210 1789



emissions increases our warming commitment by about 0.5 degrees Celsius82. Every decade therefore also 
increases significantly the risks of catastrophic change. We can sum up the approximate response to the 
following way.

• Action over 20 years to avoid 2C (optimistic about cooperative response)
◦ Action over 20 years in UK/EU to avoid 3C (realistic about cooperative response)

• Action over 40 years (current climate bill) will lead to at least 3C

Allocating Cumulative Targets According to Existing Emissions
Allocating According to existing emissions
Existing Emissions Budget
600MtCO2

UK 2% of world 3200MtCO2
Emisions Trajectory 50% by 2020; 90% reduction by 2030
That the UK should reduce emissions by around 90% by 2030.

82 0.35 in terms of directly committed radiative forcing increase, plus an estimated 0.15 degrees, to take account of the 



US
The United States is likely to institute a target of 80% reduction by 2050, but from a much higher base level 
of approximately 20 tonnes of Carbon Dioxide per person per year. This shows how misleading percentage 
reductions can be.

• The US government targets a reduction in greenhouse gas emissions of 80% by 2050. It does not 
include all greenhouse gases or international aviation;

• The US government should be congratulated on such a dramatic cut; nevertheless, it may not be 
enough..

Even if every country adopted this model of development, global greenhouse gas concentrations 
would continue to rise at the current rate reaching 550ppmCO2 only before 2050. This corresponds to 
610-690ppmv CO2 equivalent (all gases).

If everyone in the planet adopted the same per-capita limits, then we could stabilise global concentration of 
Carbon Dioxide at 550ppm Carbon Dioxide only, excluding other greenhouse gases, political lag, carbon 
dioxide positive feedbacks, methane positive feedbacks and social positive feedbacks (e.g. air conditioning 
demand).

• Collapse of the Amazon rainforest and other carbon cycle feedbacks might add 100-200ppmv 
CO2e;

• Above 750ppmv CO2e there would be a 82% chance of exceeding 4 Celsius of warming using the 
latest estimates or a 47% chance of exceeding 5C, according to the most up-to-date Hadley centre 
research. 

• Methane (permafrost, wetlands and methane clathrate) feedbacks would add perhaps another 
300ppmv CO2e;

• Total greenhouse gas emissions would then reach 1100ppmv, equivalent to about 6 degrees of 
climate change - a level of increase widely regarded as catastrophic for human civilisation and the 
natural world; one of the most serious extinction events the planet has ever seen.83 The eventual 
temperature rise suggested by this target is about six degrees, a level of increase widely regarded as 
catastrophic for human civilisation (Stern, Lynas).

The following table summarizes the author's estimate for the committed temperature rise of different 
emissions trajectories.

83 There is 3000GtCO2 Methane (Permafrost & Wetlands) according to the Stern review + adding 300ppm to the atmosphere. 
This would lead to concentration of greenhouse gases over 1000ppm or temperatures over 6 degrees more than the pre-
industrial level. At this level of temperature, we suggest the situation is very likely to destabilise the methane clathrates in the 
Arctic Ocean. 



Conclusions
The current US and UK greenhouse gas targets are to be welcomed, but are not enough to avoid a world 
extinction on a scale last seen with the end of the dinosaurs. Even if we hit the target of reducing carbon 
dioxide pollution – and most other countries adopt a similar approach – the world could be committed to up 
to six degrees Celsius of climate change. 

The impacts would include the collapse of the Amazon rainforest and most of the world's fertile farmland 
turning to desert. Rising seas would flood major cities such as London, New York, Shanghai and Calcutta. 
It would lead to the extinction of most life on Earth.

If the US is to lead, it must lead much more strongly. Current targets are simply not enough. We need to 
avoid 2oC of climate change based on convergence to safe and fair equal per-capita emissions. This may 
mean a 90% reduction in all greenhouse gases by 2030 in the UK.

The proposed US target is a 80% reduction in the rate of pollution by 2050, to a rate of 4 tonnes of Carbon 
Dioxide per person per year (our current carbon footprint is 10 tonnes of Carbon Dioxide each). If everyone 
in the world adopted this rate of pollution (a principle often referred to as 'contraction and convergence'), 
the level of Carbon Dioxide in the air should stabilize at double the pre-industrial level.

However, there are other gases which warm the planet, such as Methane. Including these, and making a 
rough estimate of the political lags, compromise, and slippage inevitable in global politics, the total effect is 
likely to be close to triple the pre-industrial level. The rise in global temperatures would then be as much as 
4 or 5 degrees.

With only 3 degrees Celsius of climate change, the Amazon Rainforest would dry out, die and burn, 
releasing huge quantities of Carbon Dioxide into the atmosphere. The frozen bogs of Siberia are already 
starting to melt and this process would accelerate at releasing huge quantities of Methane into the 
atmosphere, a greenhouse gas 20 times more potent than Carbon Dioxide. 

With a rise of 4 or 5 degrees Celsius – double that at the poles –  we threaten to awake the 'sleeping giant', 
huge quantities methane trapped in a cage of ice on the Arctic ocean floor, accelerating global warming to a 
destructive crescendo.

Greenhouse gas concentrations could then reach four times pre-industrial levels, and the world would warm 
by at least 6 degrees, a level well understood to be effectively fatal for human civilization and the natural 
world.

We have seen carbon emissions on this sort of scale before: at the end of the Permian era methane releases 
were probably triggered by a super-volcano in an already warmed world. Life nearly died. The oceans 
turned anoxic – lacking oxygen and effectively dead –  and only one major land animal survived. 95% of 
species were made extinct. 

The US climate change targets need to be stronger and consistent with avoiding catastrophe. We need a 
90% reduction in greenhouse gas emissions84. Most - if not all- of this reduction can and must be achieved 
by 2030. Only then will our children inherit a world without the imminent threat of global destruction.

84 A 10% year on year reduction in greenhouse gas concentrations. The 10/10 campaign argues for a 10% reduction in the year 
2010, which would be consistent with this goal.



PART TWO: ENGINEERING A ZERO CARBON 
FUTURE

Part Two outlines a vision of a zero carbon society:

• First, the economics of a zero carbon society are evaluated. Such as society cannot be achieved by 
energy efficiency alone: it must involve large-scale zero carbon energy sources.

◦ It is further argued that all economically available low- and zero carbon electricity sources 
should be employed (not including biofuels).

• Second, we consider the specific question as to whether nuclear energy should be considered part of 
the energy mix.

• Third, a detailed practical plan for a zero carbon economy is outlined.

• Finally, the costs of electricity generation from fossil and zero carbon sources are estimated.



SHOULD WE USE NUCLEAR ENERGY TO TACKLE CLIMATE 
CHANGE?85 (Speech)

One of the most controversial questions is whether we should use nuclear energy in our bid to tackle 
climate change. This document argues that we should, at least in the UK.

85 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010



What Is The Problem?

Will We Have Enough Secure Energy?
This question concerns our nation's future. Will we have enough energy in the future? Shall we, as in the 
past, obtain our fuel from secure, reliable sources? Or instead will we be forced to compete for dwindling 
supplies of natural gas from Nigeria, North Africa, or Russia? Yet there is an even more important issue. It 
concerns the future of Earth, and the plants, animals and humans, which live upon its surface.

The Greenhouse Effect
It has been known for one hundred years that Carbon Dioxide in the atmosphere traps heat in the so-called 
`greenhouse effect'. Carbon Dioxide is emitted in the burning of coal, oil and natural gas, which presently 
supply eighty percent of the world's energy needs. Humanity has now reached a point, such that, if we 
continue like this, we will double the concentration of Carbon Dioxide within fifty years. This would lead 
to an increase in average worldwide temperature of 2 - 5 degrees Celsius or more (IPCC 2007a).

Urgency of Issue
An increase in global temperatures of two or three Celsius will alter the Earth drastically and irreversibly. 
All coral reefs would be destroyed. The Greenland ice sheet  melt would be irreversible, leading to an 
eventual sea level rise of seven metres. The earth's heat circulation system may shut down and the Amazon 
rainforest would collapse, releasing more carbon dioxide. Hundreds of millions of people would face 
drought and starvation. 

In the 10,000 years from the end of the last ice age to 1750, just before the start of the industrial 
revolutions, global carbon dioxide concentrations were static at around 275-280 parts-per-million by 
volume (ppm). The concentration is now 388ppm (Tans 2010), and rising at 2ppm per year. Once other 
greenhouse gases are accounted for, the concentration is approximately 430ppm CO2e, and rising by 3ppm 
per year (Stern 2009). At current rates, by 2050, we will have doubled pre-industrial CO2 levels (IPCC 
2007b), leading to a temperature rise of approximately 3 degrees Celsius above the pre-industrial level. 
With strong industrialization, expected in the developing world, by the end of this century, total greenhouse 
gas concentrations could be equivalent to a quadrupling of pre-industrial level, leading to temperature rises 
of six degrees or more.

Impacts Of Climate Change
For a five-Celsius warming, much of what is now forest or fertile 
farmland would become scrub or desert (Lovelock 2006).

 How would we feed the 9 billion people expected to be on the 
planet from 2050 (United Nations 2009)? The temperature would 
continue to increase for a century or more, and sea levels would 
rise for a thousand years or more (IPCC 2007a). For those who 
say that we should worry about other human or environmental 
problems, I say: Global Warming has the potential to make all 
these problems much worse, if we do not act now. So act we must.

International Agreements Are Difficult
Many have sought international agreement to reduce carbon 
emissions. Yet each country has its own individual needs, and 
nations are unwilling to sign agreements they cannot easily keep. We need to act with or without 
international agreement.



Possible Solutions

Energy Efficiency Cannot Eliminate Energy Consumption
Some say that energy efficiency is the solution. It is easy to turn a light bulb off. Yet once these easy 
savings are gone, it becomes increasingly costly to use less energy. And we must consider the fast growing 
giants of China and India. Who are we to say they must remain poor? In our industrial revolution, as steam 
engines improved, more rather than less coal was burnt, an effect known as Jevons' Paradox (Jevons 1879).

Renewable Energy Should Be Used But Is Limited
Some say renewable energy is the solution. Yet, besides their expense, wind or solar or energy crops cannot 
produce enough energy for economies with a high energy consumption per unit area. Some in the 
environmental movement might doubt that we want a large, modern, urban economy, but this remains a 
minority view. The Tyndall centre have estimated the total british renewable resource as 334Twhe/year or 
38GW (Watson 2002); that's about 16% of our total final energy consumption. Wind energy, the most 
promising of UK renewable power can generate economically about one tenth of British energy needs (and 
only produces anything when the wind is blowing).
Solar energy from far away deserts is more promising (MacKay 2009).  and with political collaboration 
could potentially contribute significantly to European and specifically British needs. But the 

The 'Tragedy Of The Commons': What Can Compete With Coal On Cost?
An answer needs to be found not only for the UK, but also for the rest of the world. Yet this is not easy. 
Unless we invest in the correct technologies, we face a `tragedy of the commons' (Hardin 1968) on a global 
scale, where each country goes its own way and the planet goes to hell. Even if the UK were to reduce its 
energy consumption, would China and the US follow suit? Will China pay to fit Carbon Capture and 
Storage on its emissions?

Coal and nuclear are close substitutes. They both provide reliable baseload power at low cost. In other 
words, if we don't have nuclear, it is likely that we will have more coal, as revealed by the following news 
story about Germany, from The Independent (Tony Paterson 2007), “A Euro30bn (£20bn) scheme for the 
construction of 26 new coal-fired power stations by 2020 has been approved by Ms Merkel's grand 
coalition, as the country moves to abandon nuclear power.” 

Nuclear Energy

Density
Yet there IS a solution that is attractive for all the major economies of the world. This is found in modern, 
safe nuclear energy. One kilogram of Uranium generates 40,000 times more electricity than a kilogram of 
coal. Proven resources are 85 years, estimated resources (what's actually in the ground) of 320 years: 
including seawater and thorium 8000 years; future fast reactors or fusion reactors perhaps ¼ million years. 
It is mined in stable, trading countries such as Australia and Canada.

Nuclear Is Low Carbon
The following graph from The Parliamentary Office For Science and Technology  (Sustainable 
Development Commission 2006b) shows the carbon footprint of nuclear energy in comparison to other 
low-carbon sources: Lifecycle Emissions of Low-Carbon Electricity Sources



Both renewable and nuclear energy have a carbon footprint low relative to fossil fuels, as shown by the 
following graph from the same publication:

The issue of the emissions from nuclear energy is discussed in detail (ibid.):
“Nuclear power generation has a relatively small carbon footprint ( 5gCO2eq/kWh) (Fig 2). Since 
there is no combustion, (heat is generated by fission of uranium or plutonium), operational CO2 
emissions account for <1% of the total. Most emissions occur during uranium mining, enrichment 
and fuel fabrication. Decommissioning accounts for 35% of the lifetime CO2 emissions, and 
includes emissions arising from dismantling the nuclear plant and the construction and 
maintenance of waste storage facilities. The most energy intensive phase of the nuclear cycle is  



uranium extraction, which accounts for 40% of the total CO2 emissions. Some commentators have 
suggested that if global nuclear generation capacity increases, higher grade uranium ore deposits 
would be depleted, requiring use of lower grade ores. This has raised concerns that the carbon 
footprint of nuclear generation may increase in the future (see Issues) A 2006 study by AEA 
Technology calculated that for ore grades as low as 0.03%, additional emissions would only 
amount to 1.8 gCO2eq/kWh. This would raise the current footprint of UK nuclear power stations 
from 5 to 6.8 gCO2eq/kWh (Fig 3). If lower grades of uranium are used in the future the footprint of  
nuclear will increase, but only to a level comparable with other `low carbon' technologies and will  
not be as large as the footprints of fossil fuelled systems.”

Safety and Security
Modern nuclear plants are very safe and secure, and produce very small amounts of waste, securely 
managed. They are already the least expensive energy source for the UK.(Royal Academy of Engineers 
2005) The more that are built, the more the world will `learn by doing', making nuclear better still. America 
and China could then choose a zero-carbon future instead of returning to dirty coal. 

False Arguments against Nuclear

“Nuclear Crowds Out Renewables”
Our Energy supply is 85% Fossil Fuels. Nuclear and renewable electricity are different. There is no reason 
why you cannot have both. In the UK, new nuclear will compete in the open market against fossil fuels If 
we are to make the changes required, we might need both renewables and nuclear electricity, as well as 
fossil fuels with carbon capture, if available.

“Nuclear Locks Us In To A Centralized Energy System”
Nuclear aids "System Change" Nuclear energy provides the backbone - always on. This security would 
allow low-carbon electric transport and storage systems to be developed.

“Nuclear Is Not Sustainable Because It Relies On Finite Resources”
It is true that nuclear resources are finite, but they are still relatively large. Booked reserves are 85 years at 
current rates; 300 years estimated. A 10-fold increase in nuclear use. Twice as much thorium as Uranium 
(Tripling resources).  Use of a breeding cycle would multiply resources by a factor of 40.

“Nuclear Faces An 'Energy Cliff' – CO2 Emissions Are Very Large For Low-
grade Ores”

I have already earlier mentioned that the lifecycle greeenhouse gas emissions of nuclear power are around 
5-7gCO2/kWh (compared to 800-100gCO2/kWh for coal and 400-500gCO2/kWh for gas (POST 2006). 
The Sustainable Development Commissions, published an evidence paper (Sustainable Development 
Commission 2006a) collating evidence collating a large number of scientific papers and reports on the 
carbon footprint of nuclear. 29 out of the 31 studies suggested a carbon footprint in the range 2-
40gCO2e/kWh (the remaining two studies considered either old reactor design or old enrichment 
technologies). 

Some campainging organizations such as Greenpeace and commentators such as David Flemming (David 
Flemming 2007) have quoted a websitethat claims to deny that nuclear power is not genuinely low-carbon 
(Storm van Leeuwen & Smith, P 2005). The website argues, that, where the majority of world resources 
lay, at concentrations around 0.03%, the energy required to extract Uranium, and therefore the greenhouse 
gas emissions would be prohibitive. 

However, this paper has been comprehensively debunked (NuclearInfo.net 2009): 

“Employing Storm van Leuven and Smith's calculations predicts that the energy cost of extracting 
the Olympic Dam mine's yearly production of 4600 tonnes of Uranium would require energy 



equivalent to almost 2 one-GigaWatt power plants running for a full year (2 Gigawatt-years). […] 
This is larger than the entire electricity production of South Australia and an order of magnitude 
more than the measured energy inputs." The Rossing mine has a lower Uranium concentration 
(0.03% vs 0.05% by weight) than Olympic Dam and the discrepancy is even larger in the case of  
Rossing. [...] SLS predict Rossing should require 2.6 Giga-Watt-Years of energy for mining and 
milling. The total consumption of all forms of energy in the country of Namibia is equivalent to 1.5 
GigaWatt-Years, much less than the prediction for the mine alone. Furthermore, yearly cost of  
supplying this energy is over 1 billion dollars, yet the value of the Uranium sold by Rossing was, 
until recently, less than 100 million dollars per year. Since Rossing reports it's yearly energy usage 
to be 0.03 GigaWatt-years, SLS overestimates the energy cost of the Rossing mine by a factor of  
80.”

In summary, I see no reason to doubt the POST estimate (POST 2006) of 5-7gCO2e/kWh.

“Nuclear Energy Is Not Sustainable”
What is important is not whether an energy source is 'resilient' or 'sustainable' in isolation, rather whether 
an energy source contributes to the resilience and sustainability of the whole system. 

Conclusions

How Much Can We Do?
An immediate transition to a zero carbon economy could be achieved. For example at peak construction 
France built over 4GW of power per year. Sustaining 5GW per year for 20 years, we could build one 
hundred simple and safe nuclear power stations, over the next two decades. These would heat our homes, 
support our industry and power clean, quiet, electric cars. The cost would be less than what we currently 
spend on the armed forces. Furthermore, the additional cost, would be even smaller.

Climate Change Targets with Renewable Only Energy Are Not Credible
When the oil and gas run out, humanity will need a fuel to turn to. We could exploit the Arctic for tar 
shales. We could burn even more coal. Yet such options would be catastrophic for the earth and for our 
future. Nuclear energy is already the best way to fuel Britain. Let's work with the rest of the world to ensure 
a happy future on Earth for all. And let's keep the Amazon Rainforest, and our green and pleasant land.



Appendix: Response to the Commission for Sustainable Development report 
on the future of nuclear energy, March 2006.

The commission for sustainable development (CSD) has produced an important and timely report into the 
UK’s future energy needs (Sustainable Development Commission 2006b). It acknowledges that nuclear is a 
low-carbon technology with an impressive UK safety record, which could contribute to stabilising CO2 

emissions and add to the diversity of the British energy supply. Yet the commission’s report argues in the 
final instance against the construction of a new generation of nuclear power plants. Its overall conclusions 
must therefore be considered in conjunction with the scientific evidence pointing to ongoing climate 
change and the necessity for the security of future UK energy supplies.

Climate scientists predict significant environmental consequences such as the shutting down of the Gulf 
Stream, the collapse of the Amazon rainforest and the irreversible melting of the Greenland ice sheet, 
unless immediate, sustained, and significant action is taken to curtail the emission of greenhouse gases 
(GHGs) such as carbon dioxide (CO2) (Schnellnhuber & Cramer 2006). The CSD, along with all 
environmental non-governmental organisations, and all three major political parties, accept the importance 
of the warnings of climate scientists and the relatively short window of opportunity (perhaps one decade) to 
turn around global habits and avoid ‘dangerous’ climate change. Such global action should be consistent 
with, but not limited by, the 1997 Kyoto agreement on climate change and the recent Copenhagen accord.

The UK will probably meet its Kyoto commitments due to the large-scale switch in the 1990s from coal to 
gas-fuelled electricity generation, which emits less CO2. Further reductions (the UK aims for a 60% 
reduction on 1990 levels by 2050) must involve either a) using less electricity b) capturing the CO2 
generated in gas turbines to store e.g. in aquifers under the north sea, or c) a large scale switch to a carbon-
free source of electricity. In fact, in order to achieve such ambitious targets, it is probably necessary to do 
all three of these things. Furthermore, given the political concerns and resource constraints connected with 
gas imported from Russia, it seems that there are significant uncertainties in cost and security of supply, 
which would count against the reliance on this source of power over the medium and long term.

Nuclear is the only viable non-carbon emitting energy source for secure 24-hour-a-day ('base load') UK 
energy requirements. Wind power, the main renewable alternative, produces energy only when it is a windy 
day. It could be an alternative to gas for ‘peak’ load (when, during the day, electricity demand is particularly 
high and the wind is blowing) but is simply not reliable enough for base load requirements. Although it 
could be stored, for example in new pumped storage schemes in Scotland, this adds significantly to the 
overall cost of a delivered unit of energy. Even wind projects capable of generating a relatively small 
amount of electricity can attract massive local opposition (perhaps not as much as nuclear on new sites; but 
the amounts of electricity generated for wind are smaller)At reasonable cost, domestic renewable electricity 
can generate only about 10% of our total energy (Inter-departmental Analysts Group 2002). Coal with 
carbon capture and storage cannot yet capture more than about 85% of the total CO2 from burning coal. In a 
fossil fuel dominated world all carbon-free energy sources at present compete with fossil fuels - not with 
each other

The CSD criticises nuclear on the grounds that:
1. it centralises energy supply
2. it undermines measures to reduce energy efficiency,
3. the problem of long term waste has not been solved
4. it is (according to the CSD) impossible to deny nuclear technology to less stable countries if the UK 
nuclear industry is expanding and
5. there are risks in construction cost which would be borne by the taxpayer.
Yet each of these criticisms is either misguided or not relevant to the issue of the renewal of the UK’s 
nuclear generating capacity.

Making energy use sustainable and decentralising its production are both important and necessary. Yet 
investment in nuclear power in no way detracts from these initiatives. Even with a future of domestic micro 
generation of electricity, a significant amount of centrally generated power would always be required for 
industry, commerce, rail transport etc. Government incentives (taxes and subsidies) to promote efficiency 



without consumers increasing fuel use elsewhere (e.g. ‘carbon taxes’) would actually make nuclear energy 
more rather than less economically attractive.
It is true that the UK has so far failed to find a solution to the long-term disposal of high- and intermediate-
level nuclear waste. However, there are geologically suitable sites. A political solution does need to be 
found for existing and future nuclear waste. But the political decisions, costs, and security requirements for 
this solution are mostly independent of decisions regarding renewed nuclear power plant construction. (The 
variable costs and risks of storing extra nuclear waste in a repository are small compared to the fixed and 
already sunk costs and risks of having to set up such a repository in the first place.) Furthermore, this is all 
less global risk than using fossil fuels. Great Britain already has a network of nuclear sites (where future 
reactors would be built) and an existing infrastructure for transporting and temporarily storing nuclear 
material. A well-funded domestic nuclear energy industry would be on balance more secure and more likely 
to contribute positively to international stability than either a declining sector or the absence of a nuclear 
industry in this country.

Great engineering improvements have been made in recent years in both reactor design and use. Such 
improvements mean that the nuclear industry is now globally competitive. (Sustainable Development 
Commission 2006b) Reactors of the Westinghouse AP1000 or European pressurised water reactor (EPR) 
types have already achieved regulatory approval in countries such as the US and Finland. They have a 
modular design and include ‘passive’ safety features, reducing both cost and complexity. Construction 
periods of 5-6 years are possible in the absence of regulator-induced safety modifications.

Current UK nuclear energy capacity is 10GW, of which almost all are older reactors that are scheduled to 
be retired in the next two decades. Typical UK base load energy requirements are approximately 25GW in 
summer and 35GW in winter. All of this could potentially be provided by nuclear power.

A renewed nuclear build could involve an initial fixed-cost contract of £2-3bn for 2GW of capacity offered 
to perhaps both Westinghouse and EPR. The best of the two bids would then be contracted to build the 
remaining approximately 30GW of base load capacity over the next 10-15 years. Does' ~ ' mean 
approximately? For such a program, costs of less than £1bn per 1GW power station and construction 
periods of 5 years or less are viable. If an appropriate regulatory framework is set up, nuclear reactors could 
be funded privately or through public-private-partnership (PPP) schemes, rather than directly through the 
public budget. A clear statement of intent would also allow universities and the nuclear industry sufficient 
time to act to avoid skills bottlenecks.

Large scale concerted practical action amongst the biggest economies (G8 plus China and India) could 
avoid the worst of the potentially devastating environmental consequences of climate change. These ten 
countries already have nuclear technology, and could massively reduce their GHG emissions through the 
renewal and expansion of their nuclear industries. The UK has consciously taken on a leadership role to 
avoid ‘dangerous’ climate change, in recent presidencies of the G8 and EU, and in the hosting of an 
international conference (Schnellnhuber & Cramer 2006). By re-embracing nuclear power now, the UK 
could both meet its long-term targets and send out a influential and timely message to the leaders of the 
other major economies.
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A ZERO CARBON ECONOMY WITH NUCLEAR ENERGY86

This article, first published in 2006, sets out a practical plan to decarbonize the UK energy system.

It is well known that releasing carbon dioxide (CO2) into the atmosphere, by burning fossil fuels such as 
coal, oil, and natural gas, causes an overall warming of the Earth in the `greenhouse effect'.

Scientists estimate that an increase in temperature of 2ºC or more above pre-industrial levels (a common 
definition of `dangerous climate change') would cause the irreversible melting of the Greenland Icesheet, 
raising sea levels by 7 metres, widespread desertification, and the collapse of ecosystems that store carbon, 
such as the Amazon rainforest. We would possibly then further huge quantities of stored greenhouse gases 
into the atmosphere, producing positive feedback and an even larger eventual temperature rise. On our 
present course, within a few years we will have committed to such a rise (IPCC 2007b).

To avoid `dangerous' climate change, we must take immediate action to convert to a near-zero emissions 
economy. To stabilize the climate, global emissions need to fall to 7 billion tonnes of CO2 per year (1 tonne 
CO2 per person per year), which is the amount sequestered by the oceans each year. This compares to 
current UK emissions of 10 tonnes of CO2 per person per year.
With the UK taking the necessary actions now, other countries in the rest of Europe, North America, China, 
and India might also make similar moves. It is feasible to move quickly to a zero-carbon economy and the 
required investment would have economic benefits.

1. The government should switch from taxing jobs and income to taxing carbon. This would help 
encourage substantial lifestyle changes aimed at using less energy, particularly in regard to road and 
air travel. Across the economy we need to use energy much more efficiently

2. We must construct sufficient low-emissions generation for all our energy needs. A large expansion 
in nuclear energy is required (in the UK, perhaps 100 nuclear reactors of 1GW capacity) using 
compact, passively safe, modern designs. The government must ensure the education of sufficient 
numbers of engineers to build these power stations.

3. Electricity price guarantees could be offered to all low-emissions electricity generators. Renewable 
energy should be used where practical; we must also significantly increase research into this area, 
and only deploy  new coal plants with full carbon capture and storage.

4. We must get ready to transform domestic heating, transport and industry to use and store clean, low-
cost electricity instead of burning fossil fuels (e.g. with electric cars). Any new homes must be 
constructed on an ecologically sound, zero-emissions basis (including heat pumps for domestic 
heating).

The issue is now urgent. As James Lovelock has pointed out (Lovelock 2004): "We have no time to 
experiment with visionary energy sources. Civilization is in imminent danger".

86 Author: Stephen Stretton <stephen@stephenstretton.org.uk> Last Updated: 10th March 2010
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Introduction
United Kingdom energy policy now needs to consider environmental impact, security of supply and cost. It 
will be argued that nuclear energy is by far the best option, on each of these three criteria, for the UK and 
for the other major economies of the world.

International agreement on Carbon Dioxide (CO2) emissions is fraught with difficulties because we face a 
‘tragedy of the commons’ with the private interests of countries diverging from the collective interests of 
the earth and its inhabitants as a whole. It might be said that countries such as the US and China are 
unlikely to sign agreements that will not be easy to keep in a highly competitive global economy. To solve 
this problem, we need an energy source that does not emit CO2 and yet is attractive for nations that consider 
only the cost and local impact of generating electricity.

Renewable energy sources may be helpful, especially for those countries whose geography suits them. But 
due to the constraints of intermittency, land area, and cost, renewables are unlikely to provide the majority 
of the total energy requirements of the densely populated industrial (or industrialising) major economies. 

Nuclear energy, however, can supply a large part of the energy needs of these countries over the next 40-50 
years. Uranium is an abundant element on the Earth’s crust, requiring little energy to extract, compared to 
that released in a nuclear reactor. The cost of fuel is a small part of the generating costs. 

The scientific evidence concerning the risks from anthropogenic climate change now justifies massive cuts 
in carbon dioxide emissions. The UK should convert to a near zero-carbon economy in the next 20 years, 
with nuclear providing the large part of the electricity for all uses, including personal transportation and 
heating. If the UK were to order 100 new nuclear power stations, and train sufficient engineers to build 
them, the ‘learning by doing’ in this global industry would reduce the cost of the technology worldwide. 
The reduction in price of this environmentally friendly technology should align nations’ private interests 
with the collective interests of humanity as a whole, without the need for global agreement and 
enforcement of treaties limiting the emission of greenhouse gases.

A collective action problem as difficult as this one requires countries to speak to one another. It requires 



institutions to be cherished and developed. But it also requires a country, or group of countries to take a 
lead in solving the problem. The UK, the US and the European Union as a whole need to take a global lead 
on converting to a  zero-emission economy. Nuclear power is the only viable route to such a future.

Reaching UK Carbon Emissions Targets
The United Kingdom government has committed to a reduction of national CO2 emissions of at least 80% 
(from 1990 levels) by 2050. Significant progress should be made by 2020. To achieve these targets, the 
polluter must pay the environmental costs of his emissions. Price increases in carbon dioxide-emitting 
energy sources will lead to improvements in efficiency and encourage movement to non-polluting 
alternatives. With appropriate regulatory changes, the UK can ensure a low-cost, early, secure, and orderly 
transition to a low-carbon economy, enhancing the UK's prosperity and international competitiveness. This 
document will argue for:

1. The proper taxation of the environmental costs of carbon-based generation technologies, 
2. A clear and consistent regulatory framework that has incentives consistent with the interests of 

society as a whole for secure and reliable electricity generation, and that aims to reduce risk to 
consumers and producers of electricity, 

3. A sympathetic approach to the initial hurdles faced by renewed nuclear build such as regulatory 
compliance and first-of-series costs.

Nuclear power stations generate a secure, carbon-free, constant and reliable supply of electricity for 24-
hour-a-day ('baseload') UK needs. The UK should make plans for:

1. The replacement of existing coal and nuclear baseload plant with new nuclear capacity 
2. Additional expansion so that all baseload needs, or approximately three-quarters of total electricity 

requirements, are produced through nuclear; 
3. In the medium term, a future growth in nuclear generating capacity concurrent with the 

transformation of other energy systems (industry, domestic heating, transport and storage 
technologies) to use clean, emissions-free, nuclear energy.

Such a plan, adopted in the UK and the other major economies, is the most practical and low-cost route to 
avoiding 'dangerous' climate change. In addition, Concentrated Solar Power could also be used.

There have been a number of government environment instruments designed to support non-carbon 
emitting technologies. After privatisation, a levy was imposed on electricity produced from fossil fuel. 
From 2002, the fossil fuel levy was replaced by the Renewables Obligation (RO), a system of tradable 
permits obliging electricity distributors to buy a certain proportion of their energy from renewable sources. 
A long-term ‘Non-Carbon’ Obligation, including new nuclear build, would reduce the risks and therefore 
the funding costs for new investors. A level playing field across all non-carbon power sources would allow 
us to reach our goals at lowest cost.

The European 'Emissions Trading Scheme' (ETS) is designed to cap total emissions so that the EU reaches 
its Kyoto targets. Once granted, permits to emit can be traded. This system ensures economic efficiency 
and, depending on the mechanisms of allocation, can avoid disruptive financial transfers. The ETS has been 
applied in the UK to industrial users of fossil fuels, with domestic users and electricity generation exempt 
at present. All parts of the economy should in principle be covered by either the ETS or an equivalent 
carbon taxation scheme. In particular, ETS should be extended to aviation, and CO2-emitting electricity 
should fall under the ETS or similar domestic 'carbon tax'.

With the full application of appropriate taxation/permitting, the cost of CO2-emitting energy, as seen by 
final users, will rise. The demand for such energy would therefore fall, reducing overall UK emissions. 
Revenues from the ETS or energy tax could be used to efficiently subsidise non-carbon generating energy 
sources, so that industry is close to financial balance (on energy-related payments) with the government. 
The electricity regulator should also make sure that domestic and commercial energy consumers always 
have the ability to choose a low-carbon energy supplier and should take the lead in choosing such suppliers 
within the public sector.

Delivering Secure Energy
Electricity supply remains a complex industry where regulatory structure is critical to final outcome. Over 



the last two decades, the England and Wales electricity generating market has been privatised and 
deregulated. Between 1990 and 2001 the electricity 'Pool' existed to balance supply and demand. Energy 
prices were based on the cost of generation at the marginal power station plus a payment for available 
capacity. In 2001, the 'New Electricity Trading Arrangements' (NETA) were put in place, with a system of 
bilateral contracts between generators and distributors/consumers. 

The United States provides an important example of the potential pitfalls of deregulation. The last few 
years have seen a number of interruptions, imposing huge costs on consumers, industry and the US 
economy as a whole. The state-by-state process of deregulation has now ground to a halt, some states 
having been 'deregulated', others remaining regulated but not nationalised. Whilst excess demand exists 
mainly in the deregulated states of the eastern seaboard of the US, the building of new electricity capacity 
has mostly been in regulated states of the mid-west. 

One important lesson is that, although deregulation has reduced energy costs for consumers, it may not 
ensure sufficient capacity in the long term. It is interesting to note that even now the UK imports some 
electricity from France, the country with the largest nuclear sector and with the lowest electricity prices in 
Europe. The economics of new build, in particular of baseload plants such as nuclear, are more favourable 
with the certainty, and lower funding costs, of a more stable, regulated market environment. 

The UK has traditionally generated electricity from a variety of fuels – primarily coal, and gas from the 
North Sea (historically, produced domestically) and uranium (produced by geopolitical allies). This will 
change if, as currently projected, the UK switches to a reliance on imported natural gas. In addition to being 
used in industry and the home, natural gas presently supplies about 40% of UK electricity. This is projected 
(DTI) to rise to 60% by 2020. Future natural gas requirements cannot be met from the remaining North Sea 
gas reserves alone: the UK, like the rest of Europe, will need to import gas from Russia, Algeria or Central 
Asia, areas not noted for their geopolitical stability. The potential economic and human costs associated 
with withdrawal of the major energy source are very significant indeed. 

With the current market structure, wholesale electricity prices are subject to the volatility of the price of 
gas. In recent times, the price of gas has risen significantly, driving up the price of electricity too. 
Individuals or companies who might be able to use either, in reality have little ability to diversify when 
energy prices are high. Thus in the deregulated, gas-dominated, scenario, considerable supply and price risk 
is faced by UK fuel consumers. 

In the present regulatory framework, the risks for a potential investor in new gas capacity are low, 
compared to the risks in baseload power plants, such as coal or nuclear. For any business, risks are 
minimised if revenue streams are well matched with costs. This is the case with gas, since revenues from 
wholesale electricity sales on spot markets are volatile but well correlated with the cost of gas. 
Significantly, due to the nature of limited liability companies operating in rapidly changing markets, the 
long-term benefits of secure energy supply are not fully captured by free-market mechanisms.

Society as a whole can be fairly sure of its need for reliable carbon-free energy over the next 45 years. 
Arguably, there is a significant negative externality associated with the dominance of imported gas in the 
UK electricity supply. The most straightforward way of internalising this cost would be to impose an 
additional tax on electricity produced by gas relative to that produced from (more securely sourced) coal 
and nuclear. Since gas emits approximately half as much carbon dioxide as that produced through coal, a 
simple (but admittedly fairly arbitrary) measure would be to raise the tax per kWh on electricity produced 
by burning gas to the same level per kWh as that imposed on electricity from coal. A non-carbon obligation 
expanded to include new nuclear capacity would also have the effect of limiting the dominance of gas.

Issues Specific to Nuclear Energy
A nuclear power station supplies energy reliably, at almost-fixed costs, for its lifetime of four or more 
decades. With its stability and high energy density (in contrast to say natural gas), many months- or years-
worth of unenriched Uranium can be stored safely and easily. Such a strategic reserve can easily be 
converted to nuclear fuel domestically when required. A nuclear-dominated electricity industry would allow 
low and stable electricity prices, and provide energy diversity for industrial and domestic consumers. An 
initial nuclear build should aim to replace the retiring nuclear and coal generation with new nuclear power 
stations. In the medium term, nuclear energy can cover all baseload electricity demand.

Nuclear energy has in general low fluctuation in its cost of generation. Fuel costs are only a small part of 



generating costs, and operation and maintenance costs are fairly predictable. Nevertheless, the potential 
investor faces high risks in a deregulated and short-term market place, because capital costs are high and 
revenue streams potentially volatile (because the electricity price is potentially volatile). The government is 
itself also the source of many of the perceived risks associated with new nuclear build and could mitigate 
such concerns by detailed work with potential investors. The government could also guarantee minimum 
prices or investigate other ways to encourage very long-term electricity contracts.

Great engineering improvements have been made in recent years in both reactor design and use. Such 
improvements mean that the nuclear industry is now globally competitive. Reactors of the Westinghouse 
AP1000 or European pressurised water reactor (EPR) types have already achieved regulatory approval in 
countries such as the US and Finland. They have a modular design and include 'passive' safety features, 
reducing both cost and complexity. The UK should set in train the regulatory approval of these reactors to 
avoid late modifications to design. Typically, any first-of-series new reactor will be significantly more 
expensive than nth-of-kind. The removal of these uncertainties justifies significant government help for the 
first-mover, perhaps in the form of a production tax credit payable by the government over the first few 
years of generation. (Ansolabehere et al. 2003)

The costs of decommissioning are becoming clearer with the experience gained from the decommissioning 
of the Magnox generation of nuclear reactors. Future decommissioning costs are likely to fall, with 
efficiency gains coming with experience and those for new reactors much lower, because of the 
simplifications of 'passive safety' designs. 

The management of nuclear waste is the responsibility of the government. At present a long-term solution 
has not yet been found to the problem of high- and intermediate-level nuclear waste. Nevertheless, political 
decisions, costs, and security requirements for this solution are mostly independent of decisions regarding 
renewed nuclear power plant construction. The variable costs and financial risks of storing additional 
nuclear wastes in a repository are small compared to the fixed and (effectively) already sunk costs and 
finanial risks of having to set up such a repository.

Great Britain already has a network of nuclear sites (where future reactors would be built) and an existing 
infrastructure for transporting and storing nuclear material. British Energy now runs some of these nuclear 
sites; others remain in government hands. The government should set up a 'bank' of approved sites for 
potential new investors in nuclear power stations.

In order for a 'nuclear renaissance' to take place, a large number of nuclear engineers (more than 20,000) 
must be trained. This requires university and on-the job training. Skills could prove the main constraint to 
nuclear expansion. The government should immediately put in place a system of university ‘sponsorship’ of 
young engineers, similar to that used to train engineers for the armed forces. A clear statement of intent 
would allow universities and the nuclear industry sufficient time to act to avoid bottlenecks.

Nuclear power has traditionally suffered from a negative public perception due to its association with the 
awesome destructive power of the atom bomb. Yet the civil nuclear industry has an enviable safety record 
in this country, with no major incidents in its history.

The strong and well-engineered containment buildings of the current generation of reactors (metres-thick 
reinforced concrete), along with the small size of the reactor building and other security measures, provide 
very solid protection against terrorism. The transport of nuclear materials similarly takes place in very 
secure containers.

An average air hostess receives a higher level of radiation than her colleague in the nuclear industry.   The 
nuclear industry implicitly values human life more highly than almost any other industry. It is important 
that the government ensures that public is well informed on these issues.

Other Low Carbon Technologies
There are a number of other potential technologies (apart from nuclear) that provide energy while emitting 
little if any carbon dioxide. These include renewable energy and technologies for storing carbon dioxide 
underground (sequestration). 

Given the geography of Britain and the present costs of the various renewable technologies, wind is seen as 
the main alternative to fossil fuels and nuclear. Yet wind turbines produce energy only when weather 
conditions are in its favour. The overall costs of generating electricity through wind are high, because the 



vicissitudes of the weather necessitate a large amount of 'back-up' capacity (gas). However, an electric 
generator cannot be turned on with a snap of the fingers. It must be brought up to speed and synchronized 
with the grid before it can be thrown on-line. This takes time. In order to meet the back-up requirements of 
a field of wind turbines, the back-up generator must already be turning and synchronized. This is 
sometimes called a "spinning reserve". Under NETA the costs of intermittency are explicitly considered and 
the government now pays a substantial subsidy towards wind energy. 

Wind projects capable of generating only a relatively small amount of electricity have encountered massive 
local resistance. Offshore wind, whilst preserving the natural aesthetic, is even more expensive than 
onshore wind, and interferes with the UK’s coastal radar. Even on the most optimistic projections, wind 
will account for less than 10% of total energy usage by 2020.

Other renewable sources of energy include hydroelectricity; wave power; (conventional) solar thermal (e.g. 
for water heating) and solar photovoltaic cells (PV); tidal power and biomass. Hydroelectricity is not a 
serious option except in Scotland where it is already used. Wave energy is also a presently undeveloped 
technology, currently not at a level where it could be used in a widespread fashion. Solar electricity in 
general is less suited to the UK, than countries closer to the equator. Photovoltaic cells (PV cells) in 
particular are an immature technology with costs per kWh far greater than conventional alternatives and 
require significant amounts of energy in their fabrication. 

There is one suitable site for tidal power, the Severn Estuary, which is worthy of serious consideration. 
Such a project faces similar issues to renewed nuclear build (financing costs, regulatory framework and 
uncertainty over future electricity prices). However, since the planning and construction issues are 
different, and the electricity supply changes periodically with the tides, this project would not be a direct 
competitor to renewed nuclear build.

Vegetable oil could help at the margins as a fuel for transport, and wood could potentially be burnt to 
generate electricity. (Trees at the edges of motorways would also reduce noise.) However, there are energy 
costs in growing, harvesting, transporting, and extracting such fuels, as well as pollution of other forms. 
This subtracts from their environmental attractiveness. Cost and, ultimately, land constraints will prevent 
biomass from being the major source of energy in this country, although it could be deployed elsewhere 
where conditions are suitable. 

In general renewable sources are presently incapable of providing significant electricity supply to allow us 
to fulfil our CO2 emission targets in the UK.

In the short-to-medium term, electricity produced by gas and coal will remain an important part of the UK 
energy mix. Technologies are currently being developed to store CO2 underground, in porous rocks with 
non-porous caps such as those previously containing natural gas. Such technologies will only become 
economic, if at all, when generators of electricity pay the costs of emissions. There should be a level 
playing field for all non-carbon generators. If, and when, it can be demonstrated that carbon capture is 
permanent and that CO2 will remain underground for the next few centuries, then electricity produced with 
CO2 captured, should attract no carbon tax. Additional help on regulatory issues and first-time costs would 
also be justified.

Globally, it makes economic sense to invest in improving technologies early, so as to reap the technological 
improvements possible as technologies mature. Furthermore it is sometimes possible for a country to 
develop particular expertise and competitive advantages in certain industries. Nevertheless, it is important 
to keep in sight the definite goals the UK has set itself. Renewable subsidies could potentially be huge in 
the current decade, without  having a serious role in avoiding dangerous climate change. Nuclear energy, 
with very low life-cycle carbon emissions, could single-handedly generate most of our electricity by 2020-
25. With the lower costs of established reactor designs, it could subsequently start to replace fossil fuels in 
other sectors. 

Domestic Heating
It is important that each house is adequately heated, and that the vulnerable in society are protected, 
especially in winter. Yet this need not conflict with a general rise in carbon-based energy prices. Efficiency 
improvements are likely to be 'spent' on further energy use unless they are accompanied by price rises (see 
below). Government income transfers to the needy can help cushion the pain of higher carbon-based energy 
prices.



For domestic users, there has been a political need to assuage concerns over fuel poverty. Fuel prices have 
been kept low, with domestic energy supplies falling under a reduced rate of Value Added Tax (VAT). It 
would be natural that some or all of the money raised by the increase in energy taxes be used to mitigate 
poverty particularly for pensioners. Any such assistance should be made in terms of a general increase in 
payments to all poor pensioners (such as an increase in pensions or in the ‘cold weather’ winter payment), 
rather than a rebate on energy bills. Further tax concessions could be offered on energy-efficient devices 
and home insulation and regulations improved on new and existing houses. The government and local 
authorities should ensure each house is as well insulated as possible. 

Every citizen should be careful not to overheat his home. A 1°C increase in temperature corresponds to a 
7% increase in heat consumption, a fact that could be conveyed to the public in information campaigns. 
The government should ensure current building regulations are enforced and provide clear guidelines over 
the optimal temperature for domestic heating.

Energy Efficiency
There is clearly great potential to improve energy efficiency in UK and other countries. Energy efficiency 
may be a relatively inexpensive way of reducing emissions. Yet the most effective way to encourage 
efficiency in a market-based strategy is a general rise in the price of CO2-emitting energy. In the industrial 
and domestic sectors, subsidies for energy efficiency may also be required.

Measures to improve efficiency are likely to be ineffective without price rises, as technological efficiency 
improvements may 'rebound' or even 'backfire'. Some or all of energy savings from better efficiency are 
often spent in increased energy use. (“It is wholly a confusion of ideas to suppose that the economical use 
of fuel is equivalent to a diminished consumption. The very contrary is the truth… Every…improvement of 
the [steam] engine, when effected, does but accelerate anew the consumption of coal”. (Jevons 1879)) 
Transport provides an important example of this principle. Improvements in the fuel efficiency of 
aeroplanes may lead to a reduction in the price of aviation and therefore more people flying. Large-scale 
reductions in emissions are therefore impossible without higher taxation or permitting using the ETS.

There has been a wish to keep large carbon-emitters such as heavy industry in the EU, rather than to see 
these industries migrate to countries in the developing world with much less stringent environmental 
considerations. Current environmental obligations are not thought to cause significant 'leakage'. However, 
if the rate at carbon taxation were to rise significantly (e.g. to, say, £160/tC = £20/bbl in order to reach the 
UK's CO2 goals), this might become a concern for industry. The effect of higher energy prices could be 
mitigated in the following ways: 

(a) Taxation would occur only on CO2 emitting energy sources. Industrial consumers would have an 
alternative to fossil fuels in nuclear-generated electricity and might be able to negotiate favourable long-
term contracts for such energy. Carbon taxation would likely rise over time, but industrial consumers would 
have sufficient time to migrate; (b) 'Grandfathering' (compensating individuals and companies for 
additional cost of permits, according to historical use) and other similar approaches to emissions 
permitting, would encourage people to make reductions in emissions while avoiding large scale net 
financial transfers; (c) Experience in the Nordic states suggests it is possible to employ different taxation 
rates for industrial and service sectors.

Typically, energy is not a large part of costs in service industries. However, companies would be 
encouraged to improve energy efficiency by an increase in the costs of energy, as well as by information 
campaigns. The government could introduce certain standards (including turning off electronic equipment 
overnight) implemented alongside health and safety regulations. An energy-efficient company might 
consider it good public relations to be recognised as such.

Finally, very long-term electricity contracts for the public sector’s requirements may be a way to guarantee 
price stability, as well as helping the electricity industry develop. Schools, hospitals, prisons, civil service 
offices each have a responsibility to ensure that they are as efficient as possible in their use of energy.

Transmission & Distribution
New nuclear plants would be built at existing sites in first instance. These are well distributed across the 
UK, although they tend to be on the coast (for cooling water) and away from major centres of population. 



Existing transmission networks would need to be maintained and improved. Upgrading the distribution grid 
is an essential consideration in planning future energy supply. 

International Linkages
Avoiding dangerous levels of climate change will require huge and concerted global action on a number of 
fronts simultaneously. One way of looking at the required change in behaviour is the concept of a 
'stabilization wedge' (Schnellnhuber & Cramer 2006). Each 'wedge' represents 1 Gigatonne (billion tonnes) 
less Carbon emitted per year by 2055. It requires seven such wedges (in addition to present trends) to keep 
CO2 emissions at current levels and thus stabilise atmospheric CO2 concentrations at the ‘safe’ level of 500 
ppm. Socolow and Pacala provide 15 such ‘wedges’, all technically feasible. For example: a) stopping 
deforestation, and doubling the rate of new tree plantation; b) halving car use; c) adding 50 times the 
current capacity of wind turbine. One ‘wedge’ would be provided by merely doubling nuclear energy 
world-wide (an additional 700GW of capacity). 

There should be a much greater use of nuclear power, so that it provides the majority of the electricity 
supply in the major economies (G8 + China and India) over the next 50 years. 

The main stumbling block to international agreement on climate change has been the US’s  US' reluctance 
to engage in international agreements that it cannot easily keep. If there were significant investment in 
nuclear power plants, it might find easier to agree to a successor to the Kyoto protocol. The US has an 
aversion to central environmental taxes. However, it has a long history of industrial innovation and 
appropriate regulation of free market activities. Parts of the deregulated US market have been based on the 
UK model.

In the absence of American leadership on climate change, it falls to the others to take the lead on this issue. 
The UK has a key role to play to show that it can be in the self-interest of a nation to facilitate new nuclear 
power plants and in the interest of market investors to build them, even in the absence of new international 
agreements. By ordering one of the new reactor designs (such as the Westinghouse AP1000) this would 
reduce uncertainties for future investors in nuclear energy in the UK and US, and therefore potentially 
make a big difference to the final extent of global warming.

China will require a vast amount of electricity (perhaps 1000GW of capacity) over the next decade. At 
present, China has 4GW of nuclear on order, but is desperate to secure further energy supplies to further its 
expansion needs. India is also building a small number of new reactors. Given global concerns over climate 
change and proliferation, it is important that the US and EU maintains strong relations with China and India 
and that the technology used is of the most up-to date design.

The European Union has recently begun an energy review of its own. Recently, Finland has become the 
first Western country to begin a new nuclear reactor. France provides a good example of a clean, safe, and 
efficient nuclear industry providing the majority of electricity needs, and also has plans to build the 
European Pressurized water Reactor (EPR). If the UK were to support this new reactor, then this might lead 
to an overall change in behaviour across Europe. (For example, Sweden too has recently adopted a 
reduction of 60% in CO2 emissions by 2050. These targets are to be commended but are probably 
insufficient to stop climate change.)

A well-funded domestic nuclear energy industry would be on balance more secure and more likely to 
contribute positively to international stability than either a declining sector or the absence of a nuclear 
industry in this country. In terms of international linkages it is important to develop technologies that can 
be exported safely to the other major world economies, and to consult on such matters with our partners in 
continental Europe and America. Reactor regulation could be done on a Trans-Atlantic and/or pan-
European basis. The UK should be relaxed towards civil nuclear technology transfer within the major 
economies.

The UK has a strong internationalist outlook and has consciously taken on this issue in recent residencies of 
the G8 and EU. By re-embracing nuclear power now, the UK could both meet its long-term targets and 
send out an influential and timely message to the leaders of the other major economies. 

New Technologies in Transport and Heat Generation
Electricity production is currently only 35% of total carbon dioxide emission. In order to reach our target of 



a more than 60% reduction in overall CO2 emission, we also need to consider the other parts of the 
economy. Given that there exist sectors with little prospect of becoming carbon-free (e.g. aviation, some 
heavy freight without rail connection. and some parts of industry), electricity generation needs to emit 
almost no carbon dioxide, and other sectors should, where possible, be largely carbon-free.

Aeroplanes, cars and heavy goods vehicles impose further significant external effects on other users of both 
urban and rural areas. In particular, these forms of transport cause noise, congestion, local air pollution, and 
require infrastructure that is often unsightly. A shift to low-carbon forms of transport (new high-speed rail 
lines for intercity and long distance travel, enhanced mass transit systems for suburban and commuter lines, 
and electric cars for rural and other travel) would also mitigate these other problems., if the electricity 
comes from low-carbon sources. Electric cars rather than carbon-fuel cars could be encouraged by tax 
credits on electric cars and by waiving urban parking fees and congestion charges (and increasing the cost 
for non-electric cars, so that the net financial balance with the government is zero).

In general, the domestic transport sector (cars, buses and trains) should be run using carbon-free energy, 
where possible. Trains should be almost completely electrified, buses replaced by trams where possible. It 
is more likely that cars will be powered by batteries rather than hydrogen fuel cells, especially for short 
distances of up to 200 km per day. Batteries can be recharged by nuclear electricity overnight, when there is 
little other demand. To the extent that hydrogen fuel cell cars are developed at all, the hydrogen will be 
produced by nuclear energy using electrolysis or thermo-chemistry. 

‘Heat pumps’ are an important way of heating homes and other buildings. These devices move heat from 
outside to inside a building. This process requires between 50 and 80% less energy than direct heating. Of 
course if electricity is produced using nuclear, then the CO2 emissions are reduced further still. Financial 
incentives could be used to encourage the wide-scale transfer to heat pump technology.

The conversion of electricity production to nuclear is the single most important step to reaching our CO2 
targets. Without this, both electric cars and heat pumps would still contribute to global warming. It will take 
at least 10 years before new nuclear plants are complete (due to planning and construction delays). 
Nevertheless, moves to convert heating and transport should be started immediately, in order that the 
technology and infrastructure are mature and pervasive once new nuclear capacity comes on line. 

The transfer to a near zero-carbon economy can be relatively costless. It does, however, require a large 
transfer of resources towards domestic capital investment and away from the import of scarce supplies of 
oil and natural gas.

Conclusions
Climate change is perhaps the biggest and most intractable problem humanity has yet faced. Scientists 
predict severe consequences unless immediate and sustained action is taken to limit and reduce carbon 
dioxide emissions. Solving this problem will require a massive and immediate expansion in the nuclear 
industry in the densely populated, predominantly urban, major economies. The UK has adopted a 
leadership role on climate change. In order to fulfil this role and have a chance of preventing dangerous 
climate change the UK should immediately make plans for a conversion to a ‘zero carbon economy’, with 
completion of this goal by 2020-2025. Nuclear is the only fuel source, which can provide the large part of 
our requirements. The reduction in price of the technology (due to ‘learning by doing’) would compensate 
for any increase in the resource prices and potentially could encourage nuclear to be adopted in the other 
large economies such as US and China. This course of action can prevent massive climate disruption and 
the resulting human and ecological damage. 



Action Points
1. Climate scientists predict significant and irreversible environmental consequences unless 

immediate, sustained, and significant action is taken to curtail the global emission of greenhouse 
gases (GHGs) such as carbon dioxide (CO2). These consequences include the shutting down of 
the North Atlantic thermohaline circulation (Gulf Stream), the collapse of the Amazon rainforest 
and the irreversible melting of the Greenland ice sheet (Schnellnhuber & Cramer 2006). All 
environmental non-governmental organisations, and all three major British political parties, accept 
the importance of the warnings of climate scientists and the relatively short window of opportunity 
(perhaps one decade) to turn around global habits and avoid 'dangerous' climate change. Such 
global action should be consistent with, but not limited by, the 1997 Kyoto agreement on climate 
change. 

2. The Kyoto Protocol commits the EU to average emissions in the period 2008-2012 of 92% of 
1990 levels (the UK's target is a reduction of 12.5% on 1990 levels). The UK will  meet its Kyoto 
commitments due to the large-scale switch in the 1990s from coal to gas-fuelled electricity 
generation. Further reductions must involve both using less energy and a large-scale switch to 
carbon-free sources of electricity. Effective action to slow down climate change to 'safe' levels is 
impossible without a significant expansion in the nuclear industry. In Britain, renewable sources 
are too intermittent, uneconomic, or are inappropriate to our geographic conditions, and so cannot 
generate a  large part of our energy needs. 

3. Electricity generation and aviation should be part of the EU carbon trading scheme. There should 
be a preference for non-carbon emitting sources of energy (rather than simply renewable), enacted 
in a 'Non-carbon obligation'. Energy savings should be made in the home and wind turbine 
generation encouraged in windy areas. Energy efficiency could be encouraged by reductions in tax 
on highly efficient appliances. 

4. The UK government has indicated that any new nuclear build will take place within the private 
sector. The England and Wales electricity generation and supply industry was one of the first to be 
deregulated and is one of the places where deregulation has developed the furthest. The decision 
over nuclear is therefore not one of command and control; rather it is one of appropriate regulatory 
framework. Such a framework should properly account for society's concerns over emissions and 
security of supply and should aim to minimise price risk to both consumers and producers of 
electricity. Important measures to limit such risk may include long-term price guarantees, forward-
looking carbon taxes, and the reintroduction of so-called 'capacity payments' within the electricity 
market. 

5. The UK should ensure that the regulatory hurdles and financial risks for first-of-series build are 
minimised. It should ensure the safety regulation process is efficient, and should liaise with 
European and US licensing authorities to ensure consistency. It should set in process the planning 
procedures to provide a 'bank' of suitable nuclear sites (mostly where there are existing nuclear 
facilities), for both EDF and other potential investors. It should provide financial help to pay for 
the costs of 'first of series' build, perhaps in the form of tax credits payable in the first few years of 
generation. The UK should take a full role in the research of a next generation of nuclear fission 
reactors including fast breeder reactors and high temperature reactors. Universities and the nuclear 
industry should be given a clear statement of intent to massively increase the number of nuclear 
engineers and so to avoid skills bottlenecks. 
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THE COST OF ELECTRICITY GENERATION87

A consistent methodology is outlined for calculating the cost of 26 electricity generation technologies 
globally.
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Overview
Summary

This document describes the estimation of the parameter values of the Energy Technology subModel 
(ETM), in particular the matrix “Technical Characteristics of Energy Technologies” (TCET). The cost and 
other technological characteristics of 28 electricity generation and other technologies were estimated. 

Functions indexing and adjusting the cost of generating electricity by region and time, and calculating the 
levelised cost of generating electricity are defined and implemented in an Excel spreadsheet TCET-
New.xls.

This paper updates and expands on the work of Anderson & Winne (2003; 2004)  and Barker (2007). 

Report Topic

This report concerns the parameter values of the Technical Characteristics of Energy Technologies 
(TCET) matrix, used in the Energy Technology subModel (ETM) of the sectoral model E3MG.  This 
report will focus on the capital (investment) costs, operation and maintenance, fuel costs and learning 
rates.

Report Audience

This report is intended, in the first instance, to be internal to members of 4CMR and Cambridge 
Econometrics (CE).

Report Purpose

This report will describe the data collection process in estimating the TCET matrix, the data sources used, 
and the final results of that process. This report has been put together specifically because the TCET 
matrix is being updated in the other models, namely E3ME and MDM. To avoid duplication of effort and 
inconsistency, this report present the data collection work already completed.

Report Type

This is a technical report providing background on the data used, estimation methodology and the 
justification for the values adopted. This material is a working paper and is not intended in the first 
instance for journal publication.



What Technologies are covered in the ETM?

There are 26 different energy technologies covered88. ETM is primarily a model of electricity generation 
technologies. Each technology is defined in technological terms (rather than by fuel). These technologies 
do in general have a single input fuel; however, this could vary by region. 

In addition to pure electricity generation technologies, there are various technologies which have a 
component of electricity generation, but also another function or are associated with electricity generation 
in some way. These are as follows: 

• It also considers low grade heat associated with thermal electricity generation (as could be used in 
CHP, industry or desalination) and distributed fuel cells but not domestic gas boilers and heat-
pumps (these are considered in the domestic sub-model). 

• It includes electricity storage (electric flow batteries, pumped storage) and hydrogen production 
but not transport. Electric cars, including plug-in hybrids, are dealt with in the transport sub-
model. 

• It includes Carbon Capture and Storage, including negative carbon technologies such as Biomass 
with CCS (BECS), which produces electricity and Air Capture, which does not. 

• It deals with transmission. 

Use of Technical Characteristics of Energy Technologies in The Model

There are two major matrices which define the cost of technology within ETM. Firstly, the two 
dimensional matrix Technical Characteristics of Energy Technologies (mTCET): this matrix includes the 
median estimates of each parameter value in our model. Secondly, the TCET matrix is transformed into a 
three dimensional array, BEWK, which includes variations across regions.89

88 These are outlined in detail in appendix 1.
89 The matrices have the following specification:
!TCET NTCxNET:technicalcharacteristics(region-independent),variousunits,
!BEWK NETxNWRxNTC:ETcharacteristics,variousunits,yearandyear-end
Where the dimensions of the matrices are:
!NTC:numberoftechnicalcharacteristics(TC)fornewenergytechnologies(ET)
!NET:numberofenergytechnologies(ET)
!NWR:numberofworldregions



Data Sources & Methodology
There are 23 primary technical characteristics in the new TCET matrix. An additional 17 characteristics 
(making 40 in total) have been also been estimated for clarification and further information; these are not 
used directly in E3MG.90

Methodology By Technical Characteristic
The methodology adopted for estimating each of the parameter values differs according to the data 
availability.

Parameter Data 
Availability

Methodology

Capital Cost Excellent Simple Average Across Studies91 92; Adjusted for 
Time and Country

O&M Moderate Expert Estimate based on comparing a small 
number of studies

Learning Rate Good Expert Estimate of capital cost curve based on 
comparing a small number of studies and integration 
of time and capacity information

Efficiencies Moderate Expert Estimate based on comparing a small 
number of studies

CO2 Emissions Excellent Implicit from the carbon content of fuels (elsewhere 
specified) and the efficiencies of the energy 
technologies

Non-CO2 Emissions 
(SOx, NOx etc)

Poor Old data used

Full Lifecycle 
Greenhouse Gas 
Emissions

Good Parliamentary Office of Science and Technology 
(POST)

Data

There are four main classes of information sources.

• Survey data from the International Energy Agency document "The Cost of Electricity Generation" 
(IEA 2005) (base year 1st July 2003). 

• Data from Energy Technology Perspectives (IEA 2006), from the US NEMS model (EIA 2007b; 
EIA 2007a)and from a recent EU (Strategic Energy Technology Plan) study (EU 2007).

• Other recently published peer-reviewed articles.
• Estimates used in the Markal model.
• The studies that were used as input to the UK Markal team.

All the data was compiled into a master database, with information on the costs of all the generating 
technologies. Each of the studies was treated as one datapoint, except the IEA (2005) data, where each of 
the input estimates is treated as a single data point.

90  For details of these characteristics, please see Appendix 3. 
91  We assume the logarithm of the costs are drawn from a normal distribution with unknown variance. Under common 

Bayesian assumptions, the posterior distribution of log(costs) is a t-distribution with n-1 degrees of freedom, where n is the 
sample size. The mid points quoted are the anti-log of the mean of this distribution (ie eµ where µ is the mean of the 
posterior distribution of Ln(Capital Cost)). 

92 For a discussion of how uncertainty from all sources is implemented in the model please see appendix 1.



Primary Data Sources (IEA 2005; IEA 2006; IEA 2008; EU 2007; EIA 2007a; EIA 2007b)

Source Reviewed Data 
used

Summar
ized Document title Author

Date of 
publicat
ion

IEA 
(2005)

Yes Yes Yes Projected Costs of 
Generating Electricity, a 
2005 update

IEA 2005

IEA 
(2006) 

Yes Yes Yes Energy technology 
perspectives (2006) 

IEA 2006

IEA 
(2008) 

Yes Yes Yes Energy technology 
perspectives (2008) 

IEA 2008

EU (2007) Yes Yes Yes A European strategic 
energy technology plan 

EU 2007

EIA Yes Yes Yes NEMS Model 
Documentation  - 
Presentation from 
IEA/DBerr CCS Workshop

EIA 2007

Minor Studies (El-Kordy et al. 2002; Harding 2007; Winters 2007; Gibbins & Chalmers; Sims et al. 
2003)

Source Reviewed Data 
used

Summar
ized Document title Author

Date of 
publicat
ion

DBerr/IEA 
CCS 
Workshop

Yes Yes Yes Feedback from CCS 
workshop held late 2007

Various 2007

Harding Yes Yes Yes Economics of nuclear 
power and proliferation 
risks in a carbon-
constrained world

Hardin
g 

2007 

El-Kordy 
et al

Yes Yes Yes Economical evaluation of 
electricity generation 
considering externalities. 

El-
Kordy 
et al.

2002

Winters Yes Yes Yes Electric Supply Options in 
a World Driven by CO2 
Emission Policies

Winters 2007

Gibbins 
and 
Chalmers

Yes Yes Yes Carbon capture and storage, 
Foresight Document

Gibbins 
and 
Chalme
rs

2004

Andersol Yes Yes Yes Concentrated Solar Power 
Data for the Andersol 1 
Plant

Anders
ol

2006

Sims Yes Yes Yes Carbon emission and 
mitigation cost comparisons 
between fossil fuel, nuclear 
and renewable energy 
resources for electricity 

Sims 2002



Source Reviewed Data 
used

Summar
ized Document title Author

Date of 
publicat
ion

generation 

UK (Markal Team) Data Sources (full reference provided in Markal team documentation)

Primary 
sources

Reviewe
d

Data 
used

Summ
arized Document title Author Date of 

publication

RAE Yes Yes Yes

The Costs of Generating 
Electricity: A study 
carried out for the Royal 
Academy of Engineering

PB Power (for 
RAE) 2004

WNA Yes Yes Yes The New Economics of 
Nuclear Power

World Nuclear 
Association 2005

OXERA Yes Yes No Results of Renewables 
Market Modelling OXERA 2004

ECN Yes Yes No
Characterisation of Power 
Generation Options for 
the 21st century

ECN Policy 
Studies (Lako 
and Seebregts)

1998

ICEPT Yes No Yes

Alternative fuels for 
transport and low carbon 
electricity generation: A 
technical note

Robert Gross 
and Ausilio 
Bauen

2005

SDC Yes Yes Yes

Economics of Nuclear 
Power: A report to the 
Sustainable Development 
Commission

University of 
Sussex and 
NERA

2005

WADE Yes Yes Yes

Decentralising UK 
energy: Cleaner, cheaper, 
more secure energy for 
the 21st century: 
application of the WADE 
economic model to the 
UK economy.

World Alliance 
for 
Decentralized 
Energy (on 
behalf of 
Greenpeace)

2006

Carbon 
Trust Yes Yes Yes

Future Marine Energy: 
Results of the Marine 
Energy challenge: cost 
competitiveness and 
growth of wave and tidal 
stream energy

Carbon Trust 2006

RCEP Yes No No Biomass as a renewable 
energy source

Royal 
Commission on 
Environmental 
Pollution

2004

Enviros Yes No Yes The costs of supplying 
renewable energy

Enviros 
Consulting Ltd 
(for DTI)

2005

IEA Yes No No
National Survey report of 
PV power applications in 
the United Kingdom

International 
Energy Agency 2004



UKERC Yes No No The Costs and Impacts of 
Intermittency

UK Energy 
Research Centre 2006

AEA Yes Yes No

Options for a Low carbon 
future: appendix E 
(energy white paper 
modelling)

AEA 
Technology

PSIRU Yes No Yes
The Economics of 
Nuclear Power: analysis 
of recent studies

Steve Thomas 
(PSIRU) 2005

Secondar
y sources 
*

* Secondary sources are those referred to in primary 
sources.

Chicago Yes Yes The Economic Future of 
Nuclear Power

University of 
Chicago 2004

MIT Yes

The Future of Nuclear 
Power: an 
interdisciplinary MIT 
study

Massachusetts 
Institute of 
Technology

2003

DGEMP Yes Energy Baseline Scenario 
for France to 2030

General 
Directorate for 
Energy & Raw 
Materials 
(France)

2004

T&R Yes Tarjanne and 
Rissanen

T&L Yes

Research report:  
Competitiveness 
comparisons of electricity 
production alternatives

Tarjanne and 
Luostarinen (in 
Finnish)

2003

CERI Yes

Canadian 
Energy 
Research 
Institute

2004

Scully Yes

Business case for new 
nuclear power plants: 
bringing public and 
private resources together 
for nuclear power

Scully Capital 
(for the US 
Department of 
Energy)

2002

Areva Yes
EPR Background and its 
role in Continental 
Europe

AREVA 2005



Basis

In order for the parameters to be fully defined, we need to choose a convenient monetary, time, 
geographical and energy basis.

Nominal/Currency Base
The initial calculation estimates costs and other financial quantities in US Dollars of 1st Jan 2000. 

Reference Cost Year

The cost of capital equipment varies over time, depending on supply and demand for raw materials and 
labour, and technological learning. Our costs are estimated to be correct for a reference year of 1st Jan 
2000. 

Reference Capacities
Future costs of an energy technology are a function of the cumulative investment in that technology. The 
initial cost C at our base year tbase is a function of the cumulative investment in energy capacity at our base 
year: C= C(Itbase).

Energy Basis

All energy is measured according to the Net Calorific Value, NCV (Also known as: Lower Heating Value 
(LHV)), consistently with the energy data (Enerdata) used in the model. 

The net calorific value energy content of a given mass of fuel will be numerically less than its gross 
calorific value equivalent. 

NCV electrical efficiencies will be correspondingly higher than GCV efficiencies. For example, a 
supercritical coal plant might have a Lower Heating Value (LHV) efficiency of 45%; an equivalent gross 
heating value efficiency would be 40%. 



Time and Geographical  Indexation

Time Indexation Methodology

The IEA study presents information approximately consistent with capital costs in 1st Jan 2000, in 1st Jan 
2000US$. Cost estimates are indexed to the present using the Chemical Engineering Plant Cost Index 
(CEPCI) (CECPI 2007; Chemical-Engineering 2007a) (Consistent with the Marshall and Swift Index for 
used equipment (Chemical-Engineering 2007b)). More recent electricity cost data (Sims et al. 2003) was 
also used. (*Reference dates for compared studies vary). 

By indexing with the CEPCI and US CPI, the spreadsheet also has the functionality to refer to any 
Nominal Currency year and any Cost Year.

Regional Effects
In order to adjust for relative costs,  relative cost information and exchange rates were used. This 
information was recovered from the World Bank (World-Bank 2005). 
The relative cost numbers used were an average of the cost for capital goods and those of construction 
goods. A weighting of 50% for equipment and 50% for construction was estimated for . Further work 
would integrate this with the exchange rates 

Implementation in the TCET Spreadsheet

The front page allows one to choose the characteristics for any currency and any country and any year 
2000-2008.



Net Present Value & Levelised Cost Calculation
This section goes beyond what is required for the ETM. It describes an analytical method for calculating 
the levelised cost of electricity production.

Cost Components

We assume that there are the following sources of costs: 

• I: Unit Investment Costs 
• I*: Infrastructure or Back-end or Other System Costs 
• OF: Non-fuel Operation and Maintenance (Fixed) 
• OV: Non-fuel Operation and Maintenance (Variable) 
• F: Fuel Costs 
• CT: Costs of Carbon internalised by an additional tax or cost of permits 

There is a single source of revenue 

• R: Revenue from Output Electricity 

Discount Rates

Discount Rates are given exogenously in the model. We replicate the model assumption in the 
spreadsheet. 
For example, the UKERC runs use a real discount rate of 10%, (Pathways to a low carbon economy, p18).

However, it is sometimes useful to assume an exogenous value of discount rates. For example the 
international Energy Agency uses a real discount rate of 5% or 10%. (IEA 2005). 

Real or Nominal?

Cost calculations are carried out in constant money (ie. real terms). Our initial calculations consider the 
elements to be constant in real terms. 

We use a real interest rate r in the calculation below. 

Net Present Value

The net present value is calculated as the discounted sum of cash flows (CF) i.e. revenue minus costs, 
where revenue accrues from the sale of electricity and costs include: investment, operation and 
maintenance, fuel and other costs. Time t is measured in years:

⇒ NPV = ∑ CFt e−r.t 

⇒ NPV = ∑ (Rt−It−I*
t−OFt−OVt−Ft−CTt) e−r.t 



t

Continuous Time Approximation

For any cashflow CFt we approximate the sum: 

NPV = ∑
t

CFt e−r.t 

by the integral 

NPV = ⌠⌡ 
T
T0

CFt e−r.t dt

If the cash flow CFt is constant in real terms, CFt = CF, then we can integrate trivially: 

NPV = ⌠⌡ 
T
T0

CF e−r.t dt = CF e−rT
0−e−rT 

r

In the case of a constant real escalation s 

NPV = ⌠
⌡

T
T0

CF es.t e−r.t dt = e−(r−s)T
0−e−(r−s)T 

r−s

So: NPV = CF e−(r−s)T
0−e−(r−s)T 

r−s

Levelised Cost

The Levelised Cost of Electricity (LCE) is calculated as the discounted sum of costs (C) divided by the 
discounted electricity produced (EP) . EP = LF*365*24 where LF is the load factor. It is the electricity 
price required to give a net present value of zero for a required rate of return equal to the discount rate. 

LCE = ∑
t

(It+I*
t
+OFt+OVt+Ft+CTt) e

-r.t
 

In general we calculate the levelised cost of each component i as follows: 

LCEi = EPt e
-rt

 

Employing the continuous time approximation we have 



LCEi = 

NPVi(Ci,r−si, T0
i, Ti) 

NPVi(EP, r, T0
e, Te) 

(note the denominator is not a NPV calculation, but uses the same function giving 
'discounted electricity produced') 

Where

NPVi = 

Ci * [e-(r-s)T
0
i - e-(r-s)Ti] 

r - s 

NPV can be interpreted as the net present value of cash flow CF at interest rate r-s obtained between T0
i 

and Ti .

The following page gives a summary of the parameters needed for this relation:



Summary of Parameters

Item Cost/year Start End Real Cost 
Esc Uncertainty 

i Ci T0
i Ti si σi 

Investment I/Tcon 0 Tcon 0 σI 
Infrastructure I* 0 0 0 0 
O & M Fix OF Tcon Tcon + Tlife 0 0 
O & M Var OV*EP Tcon Tcon + Tlife 0 0 
Fuel Cost FCf.[EP/(η)] Tcon Tcon + Tlife sf σf*[EP/(η)] 
Carbon Cost CT.CCf.[EP/(η)] Tcon Tcon + Tlife sct σCT*CCf*[EP/(η)] 

• I: Overnight Investment Costs per kW 
• I*: Infrastructure or Back-end or Other System Costs cost per kW 
• OF: Non-fuel Operation and Maintenance (Fixed) cost per kW 
• OV: Non-fuel Operation and Maintenance (Variable) cost per kWh 
• FCf: Fuel Costs per kWhth 
• CT: Costs of Carbon internalised by an additional tax etc 
• Tcon: Construction Time 
• Tlife: Design Life 
• EP: Electricity produced per year; EP = 365*24*LF 
• LF: Expected Load Factor 
• η: Electrical Efficiency %(LHV) 
• sf: Real escalation in Fuel cost 
• sct: Real escalation in Carbon Price 
• CCf: Carbon Content of Fuel [(tCO2)/(kWhth)] 
• CT: Carbon Price $/tCO2 
• σI: Prior uncertainty in Construction Cost 
• σf: Uncertainty in Fuel Cost 
• σct: Uncertainty in Carbon Price



Results - Capital Cost

Technology
Median of 
Published 
Studies

Variability Data 
points

Old 
Estimates US Data EU Data Markal Capital Cost  

Mid-Range
High 
(1sd)

Low
(1sd)

Modelled 
Uncertainty

Lear
ning 
Rate

Coal - IGCC 1496 0.29 32 1200 1491 1431 1431 1844 1111 0.4 0.1
Coal - PC 1198 0.21 15 1000 1290 1257 1257 1620 1037 0.45 0.1
Oil 895 0.39 3 1340 594 800 800 1031 574 0.46 0.1
Gas 591 0.31 36 450 420 540 540 696 413 0.4 0.1
Gas CHP 1095 0.31 23 2200 1094 1094 1410 838 0.37 0.1
Fuel Cell 4465 0.17 8 4500 4520 4520 4520 5824 3855 0.51 0.16
Nuclear LWR 2001 0.36 23 2200 2081 2175 2080 2080 2680 1532 0.83 0.1
Nuclear Adv 3216 3216 3216 4144 1757 0.83 0.12
Hydro 2587 0.66 14 1500 1500 3263 2586 2586 3332 1553 0.57 0.06
Biomass 2278 0.16 11 1800 1869 2300 2300 2964 1976 0.44 0.12
Biomass CHP 2962 0.6 4 2385 2385 3073 1489 0.44 0.12
Onshore Wind 1179 0.38 55 1200 1208 1595 1378 1378 1776 999 0.4 0.14
Offshore Wind 2042 0.28 11 2465 2200 2200 2835 1717 0.26 0.14
PV Flat 5695 0.49 27 4160 4751 5075 6000 6000 7731 4018 0.51 0.16
CPV 5000 5000 6443 3788 0.32 0.16
CSP 4259 0.37 6 3149 4785 3500 3500 4510 2550 0.4 0.14
Tidal 2951 2951 3803 2236 0.32 0.14
Wave 3413 0.77 11 2800 14460 4927 4927 6349 2783 0.32 0.14
Geothermal 2000 2000 2577 1515 0.32 0.14
CCS Retrofit 770 0.3 3 1000 1000 1289 771 1.53 0.12
Biomass CCS 1997 0.09 4 2000 1880 2175 2500 2500 3221 2300 0.77 0.12
Gas CCS 1101 0.43 7 800 1185 1885 1100 1101 1418 770 0.83 0.12
Coal CCS 2246 0.12 11 2000 2134 2465 2246 2246 2895 2006 0.83 0.12
H2 2962 1 6120 6120 7886 3511 0.74 0.12
Air Capture 800 3500 3500 4510 2652 0.32 0.1
Pumped Storage 2905 2905 3743 2201 0.32 0.12
Batteries 3000 3000 3866 1882 0.59 0.1
Transmission 500 500 644 379 0.32 0.1



Results – All Parameters
The following tables show the final assumptions adopted by technology group. The first 23 characteristics 
are 'core'; the others are included for purposes of completeness.



Fossil Fuels

New data for new TC, new 
ET

1 Coal - 
IGCC

2 Coal - 
PC

3 Oil - 
Peaking

4 Gas - 
CCGT

5 Gas -CHP 
DH

6 Gas - 
Fuel Cell 

Dist
1 Invest cost USD/kWe 1431 1257 800 540 1094 4520
2 OM Var costs USc/kWh 0.33 0.30 0.19 0.36 0.67 4.51
3 OM Fix costs USD/kWe 39 25 12 11 15 5
4 Elec Eff kwhe/kwh 0.45 0.40 0.25 0.55 0.40 0.48
5 Exp Load factor % 80 80 50 80 50 50
6 Heat produced % 0.0 0.0 0.0 0.0 0.4 0.0
7 CO2 Captured % of fuel 0.0 0.0 0.0 0.0 0.0 0.0
8 NOx emissions: g/kWh 0.9 9.0 0.1 0.1 0.1 0.1
9 SO2 emissions g/kWh 0.5 10.0 0.0 0.0 0.0 0.0
10 PM10 emissions g/kWh 0.2 16.0 0.0 0.0 0.0 0.0
11 Lifetime of plant, yr 30 30 30 25 25 25
12 Investment lag, yrs 4.00 3.50 3.00 2.00 2.50 2.00
13 Development lag, yrs 1.00 1.00 1.00 1.00 10.00 15.00
14 Energy Density (W/m2) 1000 1000 1000 1000 1000 1000
15 Subn parameter ‘a’ 10 10 10 10 6 3
16 Learning Parameter b 0.15 0.15 0.15 0.15 0.15 0.25
17 Min. cost: US$/kWhe 3.00 2.70 5.00 3.00 2.50 4.00
18 Rel tech limit % elec 1.00 1.00 1.00 1.00 1.00 0.10
19 Initial mkt sh. S0, % 24 20 1 18 0 0
20 Infrastr. cost US$/kW 0 0 0 0 500 0
21 Resource endow (var.) 0.00 0.00 0.00 0.00 0.00 0.00
22 Waste used % input 0.00 0.00 0.00 0.00 0.30 0.00
23 Average Cost (c/kWh) 
incl fuel 4.64 4.17 18.69 5.09 10.52 8.12

24 Availability Factor 0.8333 0.8333 0.412 0.8333 0.6871 0.5
25 Flexibility (y/n) Yes Yes Yes Yes No Yes
26 Intermittency (y/n) No No No No No No
27 Contr to peak load 0.90 0.90 0.90 0.90 0.50 0.90
28 Decomm Cost ($/kWe) 0 0 0 0 0 0
29 Waste Cost (c/kWhe) 0 0 0 0 0 0
30 Real Esc rate: Invest 0 0 0 0 0 0
31 Real Ec rate: OM 0 0 0 0 0 0
32 Real Esc rate: Decom 0 0 0 0 0 0
33 Abs tech pot Gwe 0 0 0 0 0 0
34 Base Year 2000 2000 2000 2000 2000 2000
35 Global Capacity Base
36 Unit Size (MW) 500 500 500 500 100 0.01
37 Learning Rate R 0.1 0.1 0.1 0.1 0.1 0.16
38 LCA CO2 (g/kWh) 0.0 0.0 0.0 0.0 0.0 0.0
39 Other GHG 
gCO2e/kWh
40 NonGHG External Cost 0 0 0 0 0 0



Nuclear, Hydro & Biomass

New data for new TC, new ET 7 Nuclear 
LWR

8 Nuclear - 
advanced

9 Hydro 
Large 10 Biomass

11 
Biomass/Co

al CHP
1 Invest cost USD/kWe 2080 3216 2586 2300 2385
2 OM Var costs USc/kWh 0.04 0.25 0.33 0.20 0.58
3 OM Fix costs USD/kWe 63 63 13 59 13
4 Elec Eff kwhe/kwh 0.30 0.35 1.00 0.34 0.30
5 Exp Load factor % 90 90 34 80 70
6 Heat produced % 0.0 0.0 0.0 0.5 0.4
7 CO2 Captured % of fuel 0.0 0.0 0.0 0.0 0.0
8 NOx emissions: g/kWh 0.0 0.0 0.0 0.9 0.9
9 SO2 emissions g/kWh 0.0 0.0 0.0 0.5 0.5
10 PM10 emissions g/kWh 0.0 0.0 0.0 0.2 0.2
11 Lifetime of plant, yr 60 50 60 25 25
12 Investment lag, yrs 7.00 10.00 6.00 4.00 4.00
13 Development lag, yrs 1.00 20.00 1.00 1.00 1.00
14 Energy Density (W/m2) 1000 1000 0 0 0
15 Subn parameter ‘a’ 10 10 4 6 6
16 Learning Parameter b 0.25 0.25 0.09 0.18 0.18
17 Min. cost: US$/kWhe 3.50 3.50 3.50 3.50 1.80
18 Rel tech limit % elec 0.80 0.80 0.10 0.10 0.10
19 Initial mkt sh. S0, % 17 0 17 1 0
20 Infrastr. cost US$/kW 0 0 0 0 0
21 Resource endow (var.) 0.00 0.00 0.00 0.00 0.00
22 Waste used % input 0.00 0.00 0.00 0.00 0.40
23 Average Cost (c/kWh) incl 
fuel 5.9 8.4 12.70 9.85 11.00 

24 Availability Factor 0.8333 0.8333 0.372 0.8333 0.5469
25 Flexibility (y/n) No No Yes Yes Yes
26 Intermittency (y/n) No No No No No
27 Contr to peak load 0.90 0.90 0.70 0.90 0.00
28 Decomm Cost ($/kWe) 1000 0 0 0 0
29 Waste Cost (c/kWhe) 0.15 0.15 0 0 0
30 Real Esc rate: Invest 0 0 0 0 0
31 Real Ec rate: OM 0.00 0 0 0 0
32 Real Esc rate: Decom 0.02 0.02 0 0 0
33 Abs tech pot Gwe 0 0 0 0 0
34 Base Year 2000 2000 2000 2000 2000
35 Global Capacity Base
36 Unit Size (MW) 1000 100 1000 50 50
37 Learning Rate R 0.16 0.16 0.06 0.12 0.12
38 LCA CO2 (g/kWh) 0.0 0.0 0.0 0.0 0.0
39 Other GHG gCO2e/kWh
40 NonGHG External Cost 0 0 0 0 0



Wind and Photovoltaic

New data for new TC, new ET 12 Wind 
onshore

13 Wind 
offshore

14 Solar PV 
Flat Panel

15 Solar 
Conc PV

1 Invest cost USD/kWe 1378 2200 6000 5000
2 OM Var costs USc/kWh 0.00 0.00 0.00 0.00
3 OM Fix costs USD/kWe 40 63 50 50
4 Elec Eff kwhe/kwh 1.00 1.00 1.00 1.00
5 Exp Load factor % 26 30 20 20
6 Heat produced % 0.0 0.0 0.0 0.0
7 CO2 Captured % of fuel 0.0 0.0 0.0 0.0
8 NOx emissions: g/kWh 0.0 0.0 0.0 0.0
9 SO2 emissions g/kWh 0.0 0.0 0.0 0.0
10 PM10 emissions g/kWh 0.0 0.0 0.0 0.0
11 Lifetime of plant, yr 25 20 30 30
12 Investment lag, yrs 2.00 3.00 2.00 2.00
13 Development lag, yrs 1.00 1.00 1.00 1.00
14 Energy Density (W/m2) 2 3 12 12
15 Subn parameter ‘a’ 6 6 3 3
16 Learning Parameter b 0.22 0.22 0.25 0.25
17 Min. cost: US$/kWhe 2.50 2.50 4.00 4.00
18 Rel tech limit % elec 0.20 0.20 0.20 0.20
19 Initial mkt sh. S0, % 1 0 0 0
20 Infrastr. cost US$/kW 100 200 0 0
21 Resource endow (var.) 0.00 0.00 0.00 0.00
22 Waste used % input 0.00 0.00 0.00 0.00
23 Average Cost (c/kWh) incl 
fuel 9.58 14.7 42.75 36.10 

24 Availability Factor 0.2675 0.3 0 0
25 Flexibility (y/n) No No No No
26 Intermittency (y/n) Yes Yes Yes Yes
27 Contr to peak load 0.43 0.43 0.00 0.00
28 Decomm Cost ($/kWe) 0 0 0 0
29 Waste Cost (c/kWhe) 0 0 0 0
30 Real Esc rate: Invest 0 0 0 0
31 Real Ec rate: OM 0 0 0 0
32 Real Esc rate: Decom 0 0 0 0
33 Abs tech pot Gwe 0 0 0 0
34 Base Year 2000 2000 2000 2000
35 Global Capacity Base
36 Unit Size (MW) 3 3 0.01 1
37 Learning Rate R 0.14 0.14 0.16 0.16
38 LCA CO2 (g/kWh) 0.0 0.0 0.0 0.0
39 Other GHG gCO2e/kWh
40 NonGHG External Cost 0 0 0 0



Solar, Marine and Geothermal

New data for new TC, new ET 16 Conc Sol 
Thermal CSP 17 Tidal 18 Wave 19 

Geothermal
1 Invest cost USD/kWe 3500 2951 4927 2000
2 OM Var costs USc/kWh 0.00 0.00 0.00 0.00
3 OM Fix costs USD/kWe 53 77 300 155
4 Elec Eff kwhe/kwh 0.33 1.00 1.00 0.09
5 Exp Load factor % 20 39 35 80
6 Heat produced % 0.0 0.0 0.0 0.0
7 CO2 Captured % of fuel 0.0 0.0 0.0 0.0
8 NOx emissions: g/kWh 0.0 0.0 0.0 0.0
9 SO2 emissions g/kWh 0.0 0.0 0.0 0.0
10 PM10 emissions g/kWh 0.0 0.0 0.0 0.0
11 Lifetime of plant, yr 30 50 25 30
12 Investment lag, yrs 3.00 8.00 3.00 3.00
13 Development lag, yrs 3.00 2.00 10.00 1.00
14 Energy Density (W/m2) 12 3 6 1000
15 Subn parameter ‘a’ 6 6 6 3
16 Learning Parameter b 0.22 0.22 0.22 0.22
17 Min. cost: US$/kWhe 3.50 4.00 4.00 2.50
18 Rel tech limit % elec 0.10 0.50 0.40 0.10
19 Initial mkt sh. S0, % 0 0 0 0
20 Infrastr. cost US$/kW 0 0 0 0
21 Resource endow (var.) 0.00 0.00 0.00 0.00
22 Waste used % input 0.00 0.00 0.00 0.00
23 Average Cost (c/kWh) incl 
fuel 27.57 15.59 30.20 5.71 

24 Availability Factor 0 0.23 0 0.635
25 Flexibility (y/n) No No No No
26 Intermittency (y/n) Yes Yes Yes Yes
27 Contr to peak load 0.00 0.09 0.18 0.63
28 Decomm Cost ($/kWe) 0 0 0 0
29 Waste Cost (c/kWhe) 0 0 0 0
30 Real Esc rate: Invest 0 0 0 0
31 Real Ec rate: OM 0 0 0 0
32 Real Esc rate: Decom 0 0 0 0
33 Abs tech pot Gwe 0 0 0 0
34 Base Year 2000 2000 2000 2000
35 Global Capacity Base
36 Unit Size (MW) 100 1 0.1 1
37 Learning Rate R 0.14 0.14 0.14 0.14
38 LCA CO2 (g/kWh) 0.0 0.0 0.0 0.0
39 Other GHG gCO2e/kWh
40 NonGHG External Cost 0 0 0 0



Carbon Capture and Sequestration

New data for new TC, new ET
20 Coal 

CCS 
Retrofit

21 
Biomass/Coal 

with CCS

22 Gas 
with CCS 

(Post)

23 Coal 
with CCS 

(Pre)
1 Invest cost USD/kWe 1000 2500 1101 2246
2 OM Var costs USc/kWh 0.45 0.45 0.30 0.45
3 OM Fix costs USD/kWe 47 47 20 47
4 Elec Eff kwhe/kwh 0.40 0.26 0.35 0.35
5 Exp Load factor % 50 50 80 80
6 Heat produced % 0.0 0.0 0.0 0.0
7 CO2 Captured % of fuel 0.9 0.9 0.9 0.9
8 NOx emissions: g/kWh 0.0 0.0 0.1 0.9
9 SO2 emissions g/kWh 0.0 0.0 0.0 0.5
10 PM10 emissions g/kWh 0.0 0.0 0.0 0.2
11 Lifetime of plant, yr 30 30 30 30
12 Investment lag, yrs 3.00 3.00 4.00 5.00
13 Development lag, yrs 10.00 15.00 10.00 10.00
14 Energy Density (W/m2) 1000 0 1000 1000
15 Subn parameter ‘a’ 6 6 6 6
16 Learning Parameter b 0.18 0.18 0.18 0.18
17 Min. cost: US$/kWhe 4.50 4.50 3.50 4.50
18 Rel tech limit % elec 1.00 1.00 1.00 1.00
19 Initial mkt sh. S0, % 0 0 0 0
20 Infrastr. cost US$/kW 0 0 0 0
21 Resource endow (var.) 0.00 0.00 0.00 0.00
22 Waste used % input 0.00 0.00 0.00 0.00
23 Average Cost (c/kWh) incl fuel 5.57 14.29 8.33 6.92 
24 Availability Factor 0 0 0.8333 0.8333
25 Flexibility (y/n) Yes Yes Yes Yes
26 Intermittency (y/n) No No No No
27 Contr to peak load 0.00 0.00 0.90 0.90
28 Decomm Cost ($/kWe) 0 0 0 0
29 Waste Cost (c/kWhe) 0 0 0 0
30 Real Esc rate: Invest 0 0 0 0
31 Real Ec rate: OM 0 0 0 0
32 Real Esc rate: Decom 0 0 0 0
33 Abs tech pot Gwe 0 0 0 0
34 Base Year 2000 2000 2000 2000
35 Global Capacity Base
36 Unit Size (MW) 500 500 500 500
37 Learning Rate R 0.12 0.12 0.12 0.12
38 LCA CO2 (g/kWh) 0.9 0.9 0.9 0.9
39 Other GHG gCO2e/kWh
40 NonGHG External Cost 0 0 0 0



Related Non-Electricity-Generating Technologies

New data for new TC, new ET 24-
Hydrogen 

25 Air Capt 
kw~kgCO2/h

26 
Pumped 
Storage

27 Battery 
storage

28-
Transmission 

1 Invest cost USD/kWe 6120 3500 2905 3000 500
2 OM Var costs USc/kWh 6.48 4.00 0.43 0.50 0.00
3 OM Fix costs USD/kWe 265 50 2 100 0
4 Elec Eff kwhe/kwh 0.63 0.25 0.77 0.70 0.99
5 Exp Load factor % 80 100 20 50 50
6 Heat produced % 0.0 0.0 0.0 0.0 0.0
7 CO2 Captured % of fuel 0.0 1.0 0.0 0.0 0.0
8 NOx emissions: g/kWh 0.0 0.0 0.0 0.0 0.0
9 SO2 emissions g/kWh 0.0 0.0 0.0 0.0 0.0
10 PM10 emissions g/kWh 0.0 0.0 0.0 0.0 0.0
11 Lifetime of plant, yr 30 20 50 10 50
12 Investment lag, yrs 5.00 5.00 7.00 2.00 5.00
13 Development lag, yrs 10.00 30.00 3.00 10.00 1.00
14 Energy Density (W/m2) 0 0 100 0 0
15 Subn parameter ‘a’ 6 0 3 3 0
16 Learning Parameter b 0.18 0.15 0.18 0.15 0.15
17 Min. cost: US$/kWhe 4.50 0.00 4.00 4.00 0.00
18 Rel tech limit % elec 1.00 0.00 1.00 1.00 1.00
19 Initial mkt sh. S0, % 0 0 0 0 0
20 Infrastr. cost US$/kW 0 0 0 0 0
21 Resource endow (var.) 0.00 0.00 0.00 0.00 0.00
22 Waste used % input 0.00 0.00 0.00 0.00 0.00
23 Average Cost (c/kWh) incl fuel 25.35 18.57 35.13 26.21 9.57 
24 Availability Factor 0 0 0.65 0 0
25 Flexibility (y/n) Yes Yes Yes Yes Yes
26 Intermittency (y/n) No No No No No
27 Contr to peak load 0.00 0.00 0.95 0.00 0.00
28 Decomm Cost ($/kWe) 0 0 0 0 0
29 Waste Cost (c/kWhe) 0 0 0 0 0
30 Real Esc rate: Invest 0 0 0 0 0
31 Real Ec rate: OM 0 0 0 0 0
32 Real Esc rate: Decom 0 0 0 0 0
33 Abs tech pot Gwe 0 0 0 0 0
34 Base Year 2000 2000 2000 2000 2000
35 Global Capacity Base
36 Unit Size (MW) 200 100 1000 1 1
37 Learning Rate R 0.12 0.1 0.12 0.1 0.1
38 LCA CO2 (g/kWh) 0.0 1.0 0.0 0.0 0.0
39 Other GHG gCO2e/kWh
40 NonGHG External Cost 0 0 0 0 0



Cost of Generating Electricity - Summary
The following table shows the cost of generating electricity in 2008.

Levelised Costs 
(c/kWh)

Coal 
(IGCC)

Coal 
(PC) Gas Nuclear Onshore 

Wind
Offshore 

Wind
Coal 
CCS

Investment Costs 3.7 3.1 1.3 5.3 4.1 6.5 6.1
O&M Costs 1.1 0.8 0.7 1.2 2.2 3 1.4
Fuel Cost 1.5 1.7 7 0.9  -  - 2
Carbon Cost -  -  -  -  -  -  -
Total Cost 6.3 5.7 9 7.3 6.3 9.5 9.5
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PART THREE: ECONOMICS AND CARBON 
PRICING

Part Three investigates the economics of climate change and fossil fuel scarcity; and proposes policy 
measures to deal with these challenges. 

• First, I outline the economics of constraints as applied to climate change and resource constraints: 
the physical facts of climate change and energy, the concept of a scarcity rent, and the differences 
between climate change and peak oil.

• Second, the case for a carbon price is outlined from the perspective of political theory.
• Third, I investigate the choice of policy instruments: whether governments should use carbon 

taxes to control greenhouse gas emissions – or 'cap-and-trade' – or both.





THE ECONOMICS OF LIMITATIONS 93

Climate change and the limitation on fossil fuels through geopolitics or inherent resource 
constraints are often described together94, both because they are connected in cause (both are 
associated with the combustion of limited fossil fuels) and both are examples of issues of 
sustainability, intergenerational equity, and living on a finite planet earth. This article investigates 
both the economic similarities and differences between the difference cases. 

The article consists of three parts: 
• The first part explains the science of climate change and fossil fuel depletion.
• The second part describes the similarity between fossil fuel and climate change – both deal with a 

scarcity. I introduce the elementary economics of scarcity and the associated payment to owners of 
scarce resources, known as the scarcity rent. 

• The third part distinguishes between two different sorts of constraints: 'hard constraints' (which 
cannot physically be exceeded) and 'soft constraints' (which can be exceeded but at a cost). 

The distinction between 'hard' or 'soft' constraint is clearly conceptually different from whether an 
economic action entails an external spillover effect on another economic agent or ecological system (in 
economics this is known as an 'externality'). It is argued that externalities are potentially much more 
serious when they relate to 'soft' rather than 'hard' constraints. In regard to 'hard' constraints,, economic 
and political questions relate to the efficient and equitable use and distribution of resources – important 
but second order concerns relative to the constraint itself. 'Soft constraints' share these concerns but also 
entail the first-order question of whether the constraint itself is breached (and the severe costs that could 
incur). If a 'Malthusian' is someone who predicts human and environmental disaster unless human 
behaviour is adjusted to take account of environmental constraints, these arguments explain why it may 
be possible to be consistently 'Malthusian' with regard to 'soft' constraints such as the emission of 
greenhouse gases and 'anti-Malthusian' with regard to 'hard' constraints such as the availability of fossil 
fuels. This reasoning also explains why it is necessary to view the study of human economic behaviour as 
part of a larger   field, which includes the ecological system. Simplified representations of the natural 
systems involved are encouraged.

93 Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010
94 See, for example, Mackay (2009)



Economic Features of Climate Change & Fossil Fuel Scarcity

Climate Change
Emissions of carbon dioxide and other well mixed greenhouse gases (such as methane, nitrous oxide and 
fluorinated gases list of fluorinated gases could go in glossary) are commodities (a tonne of CO2 emitted 
at ground level has the same effect, wherever it is emitted). These emissions are often called 'stock 
externalities' because they add to a long-term global stock, and greenhouse gases are global public 'bads' 
(by virtue of their negative effects on global climate and ocean acidity) .

Carbon dioxide emissions and consumption of fossil fuels can be measured either in tonnes of carbon or 
in terms of tonnes of carbon dioxide. The relative molecular mass of carbon is 12 and that of carbon 
dioxide is 44. Therefore, 1 tonne of Carbon is equal to 3.67 tonnes of CO2; €1 per tonne of Carbon equals 
€0.27 per tonne of CO2.

The characteristics of the main well-mixed greenhouse gases are: 
a) they are well mixed; that is that their effect is a global one, not a local one.
b) they are relatively long-lived95

The economic characteristics of these greenhouse gases are as follows: 

a) They are commodities: A tonne of Carbon Dioxide has a similar effect wherever on the surface of the 
Earth, and however it is emitted96

b)  They  are  stock  externalities:  From  a  stock  externality  it  is  meant  that  fundamentally  it  is  the 
concentration of CO2 that does the damage rather than rate of emissions.

Unlike many other pollutants, Carbon Dioxide does not degrade but continues to reside in the biosphere.97 

98 The current level of ocean sequestration (7GtCO2 pa) can be a rough order-of-magnitude estimate of a 
global carbon budget which would stabilise greenhouse gas concentrations. An outline of the relevant 
science has been outlined (Stern 2008)99.

To stabilise greenhouse gas concentrations at levels which would avoid a high risk of dangerous climate 

95 As defined as the atmosphere plus the oceans plus the land-biosphere (plants and soils on land)

96 If the future is discounted then the damage of a tonne of CO2 emitted today is greater than that of a tonne of CO2 emitted in 
the future.

97 About half of the human-caused emissions are taken out of the atmosphere to another part of the biosphere, but these 
removals are not necessarily permanent, cannot be relied on at the same scale indefinitely. Only atmospheric carbon 
dioxide causes the greenhouse effect. However, CO2 stored in the oceans also causes the independent and also serious 
problem of ocean acidification. The land also contains a carbon sink in the form of forests and trees; this flow is however, 
very  much reversible (from deforestation and from future climate change), and the total carbon stored here is a function 
both of land use patterns and of temperature. We should therefore not count  a flow of carbon to forest and soils as being a 
permanent removal. The most important sink is the oceans, which sequester 7 Gigatonnes of CO2 per year. This carbon 
dioxide is buffered by the presence of carbonate and bicarbonate ions, although the efficiency of this sink is likely to 
decline over time. 

98 The upper oceans are in a rapid chemical equilibrium with the atmosphere. It is beyond this authors competence to know 
whether global warming itself is likely to cause significant out gassing from the very large natural CO2 sink in the deep 
oceans. Should CO2 emissions peak and then decline (a scenario which is, to say the least, politically distant) there is a 
concern over the .

99  In this paper Stern outlines the following 'key elements of a global deal on climate change':
1. In order to Reduce to 20 Gigatonnes by 2050 (2TCO2eq each) and then less than 10 Gt (1tCO2eq each).(This can 

be compared to the Kyoto baseline of 41GtCO2eq/yr and global emissions in 2005 of 45 GtCO2eq/yr.) 
2. Developed countries must reduce emissions 80% by 2050. Electricity must be decarbonized 
3. 500ppvCO2e is key target
4. Reductions in greenhouse gas emissions of 80-90% by 2050 with credible interim targets. 
5. Simple arithmetic implies: 'No scope for significant deviation' 



change (2oCelsius) requires very rapid action. The current warming commitment (the warming that would 
happen if greenhouse gas concentrations were stabilized) is approximately 2oCelsius100 above the pre-
industrial level with an additional commitment of 0.4oCelsius per decade; although there is a credible risk 
of greater warming (IPCC 2007), (Hansen et al. 2008). In terms of economic theory, greenhouse gas 
emissions are a global public bad, because they create problems for human likelihood.

Fossil Fuel Scarcity
Of the three main fossil fuels, COAL is the cheapest, the most plentiful and the most environmentally 
damaging. Although coal prices have risen in recent years they have not gone up as much as oil and gas, 
and the difference between the cost of energy in the form of gas or oil and coal energy has increased. Coal 
is now the cheapest method for generating electricity. At current oil prices, coal could yet be used to make 
liquid fuels too. The return to coal threatens the credibility of any goal to stabilise greenhouse gas 
concentrations. Without higher carbon prices or taxes on fossil fuels and on coal in particular, the world is 
likely to return to coal, resulting in a more rapid increase in emissions, and the use of an energy source 
capable of adding 1000ppm of CO2 to the atmosphere. In short, coal gives the planet enough rope to hang 
itself.

Energy choices made now will have long term consequences.  Coal is found to be both the cheapest fuel 
and the fuel with the largest climate impact; furthermore it is the most plentiful. In electricity generation 
in particular, the present costs will lead to a switch from gas to coal. A rush to construct new coal power 
stations now has significant long term consequences: it makes current and future targets much more 
expensive to meet.

100 Long-lived greenhouse gases (Kyoto gases+CFCs) have radiative forcing of of 2.6W-m2 (IPCC 2007a); or equivalent to 
450ppm CO2. This corresponds to a warming commitment of 2 .1Celsius (using a best guess estimate of 3 Celsius). 
However, due to other air pollutants, the short term radiative forcing is 1.6Wm-2 or 1.3Celcius. The difference between this 
and observed 0.7Celcius warming is explained by the 'prudent' estimate of about 2.6Celsius (Climate sensitivity).



Rent!

Introduction
Scarcity rents are associated with restrictions of various types, for example:

1. a real geographical restriction associated with limited supplies of the good;
2. a cartel arrangement among the producers of a good;
3. a restriction imposed by the governments in the supply of the good.

All three of these restrictions could exist in the case of the extraction of oil:

1. governments could restrict the demand for oil;
2. there could (and is) be a geographical restriction on the supply of oil;
3. there could be (and in fact is) a cartel arrangement to restrict the supply of oil.

Where this profit goes, depends on how the cap on the good is enforced.

In the case of governmental restrictions on the supply of carbon dioxide emissions (case 1)
a) If the government is able to sell a limited number of permits to companies, the profit will go to the 

government.
b) If the right to produce the goods is given away (e.g. to the incumbent), the profit will go to the 

recipient of these rights (e.g. the incumbent companies).

Scarcity Rent for Goods Under Perfectly Competitive Supply
First consider a perfectly competitive market. A good has marginal cost p to produce. At any market price 
greater than c, there are companies willing to supply an infinite amount of that good. At a price below c, 
no companies will supply the good.

Suppose now we place a restriction on the supply of the good.  The following diagram describes the new 
situation:

The price of the good has risen to p* and the quantity produced has fallen to q*. The revenue taken is now 
given by q'p' and this is greater than the cost of production which is q'c. The excess revenue is denoted by 
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(p'-p)q' which is the economic rent associated with the restriction in supply.

Scarcity Rent in the General Case
Diagram (i) shows the equilibrium of supply and demand before a restriction is imposed:

Diagram (i)

Diagram (ii) shows the reduction in quantity from q0 to q1 and the price of permits t required. It also 
shows the revenue generated by the permits, area A.

Diagram (ii)

Diagram (iii) shows the required reduction in quantity, instigated by a shift in supplier behaviour (a shift 

Diagram (iii)
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Diagram (iv) shows the same reduction, induced by a reduction in demand from D1 to D2.

Diagram (iv)

The following diagrams describe the changes in welfare for the different participants. CS denotes the 
consumer surplus; PS denotes the producer surplus.

Diagram (v) describes the situation before the restrictions are put into force.

Diagram (vi)

Diagram (vi) describes the situation after the restrictions are put into force. Both consumer surplus and 
producer surplus are reduced. This loss in surplus takes two forms: revenue (T) and deadweight loss 
(DL). The scarcity rent T is appropriated either by whoever imposes the restriction: producer or the 
supplier, or the tax-raising power. The deadweight loss is value lost from the economy as a whole. The 
customer does not tend to benefit from restrictions. 
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Discussion
As has been demonstrated, the restriction of supply of a commodity (either by externally-imposed law, by 
geography or by cartel) leads to an excess profit or 'economic rent'. This rent can be claimed by producer, 
consumer or by tax-raising authority. There therefore exists a game as to who is to captures the rents. The 
players are

• On one side the oil consumers, principally the EU, Japan, China.
• On another side, the oil producers, principally OPEC and Russia.

Either side can restrict the amount produced by, in effect, adding a tax to the oil sold.

Producers and consumers are in a game. Essentially, there is a choice between different parties as to who 
receives the gains from trade. Carbon taxation will cause a change in the terms of trade. Economic rent 
(i.e. profit) that would have been captured by countries exporting energy, would instead be taken by the 
richer countries. For more information see Stoft (2008).



Resource Versus Environmental Constraints

Introduction
There are in general two sorts of constraints that may face us, which I will term 'hard' and 'soft'. Hard 
constraints are inviolable, whereas soft constraints can be exceeded, at the cost either of significant 
reduction in the capacity to produce the good or service, or of damage to other environmental or human 
systems. Either type of constraint may or may not be included in the economic decision made by agents: 
these constraints can be part of the economic decision, or they may be 'externalities' which are not 
properly priced. 

'Hard constraints are that that are physically impossible to exceed - there is no choice over the matter. 
Examples of 'hard' constraints might include the total amount of oil remaining in a particular oil field. 
Resources subject only to hard constraints can be underused, but they cannot (by definition) be overused - 
there is simply a limited amount of them to go around.

'Soft' constraints are those that can be breached – but at some cost. For example there may be a maximum 
sustainable yield that is consistent with maintaining a certain stock of fish. It is possible to fish above this 
rate, but if one does so the total breeding stock would decline. Breaching soft constraints may cause hard 
constraints to become more onerous.

Externalities
The examples of constraints expressed earlier may relate to the idea of an externality. An externality or 
'spillover' is an effect of an economic transaction on parties not involved in the transaction. Externalities 
can be positive, such as the benefits of technological advances, or negative, such as the effects of 
pollution. Negative externalities can be controlled in various ways, including criminalization, tort law, 
taxes or permits. 

Note that behaviour involving hard or soft constraints may or may not entail externality; the two concepts 
are in principle independent and all four logical options are possible. An example of a hard constraint 
which does entail an externality is the following: if I take a space on the bus; someone else may be too 
late in the queue to be physically able to get on the bus. Similarly, it is possible to have a soft constraint 
that does not involve an externality: the construction time of a major piece of infrastructure usually takes 
a certain amount of calendar time to build; however it is possible to 'hurry up' construction by paying 
people overtime, and recruiting workers that are willing and able to work faster. 

From an environmental perspective whether constraints are or are not exceeded may be more important 
than the distribution. This implies that problems of externalities involving a 'soft' constraint are different 
in kind and potentially much more serious than those that involve a 'hard' constraint. In the case of 'hard' 
constraints, it is not physically possible to exceed the constraint, so that the economic issues are 'second 
order'; involving the efficient and equitable distribution of resources between people and in time, and not, 
in general, the overall constraint. In the case of 'soft' constraints the very constraint is in question. There 
is no natural or decentralized reason why a 'soft' constraint would be respected, without central 
government or some other moral, social or political process to impose a constraint. Severe damage is 
therefore possible in regard to situations when agents act and are not constrained.

Economics of Hard Constraints
Hard constraints cannot (by definition) be exceeded. We argue that, as a general rule, any economic 
system deals quite well with hard constraints. In addition, a free market system will ration the constraint 
efficiently. We will consider whether this initial judgement is true in more detail below.



Economics of Soft Constraints
Soft constraints are less easy to deal with than hard constraints. Because soft constraints can be exceeded, 
it is very important that they are priced correctly. If soft constraints are not taken account of in economic 
pricing arrangements, then the violation of soft constraints can be extremely costly. The lack of pricing of 
soft constraints is therefore a particular example of the general problem of externalities; where the 
violation of soft constraints causes severe damage, this mispricing may be extremely significant.

A soft constraint might be the number of seats on the bus. Above this number, some passengers must 
travel in discomfort, with discomfort increasing significantly as capacity is reached. It is not clear what 
the efficient solution is in this situation: Can a free market determine whether buses should travel with 
standing people or not? 

Where the damage cost of soft constraints is severe, it may be that the damage of exceeding the soft 
constraint is greater than the price needed to cut off demand. In this case, it seems that the additional price 
needed to ration the good is the greater of the damage cost and the cost needed to ration demand to the 
natural limit.

The question of the overall constraint relates only to soft constraints – and must be imposed by social 
processes, such as taxes or cap.

Rationing Between People and In Time
Whereas the question of the overall constraint relates only to 'soft' constraints, questions as to how limited 
resources constraint are rationed among people and over time relate to both hard and soft constraints.

We can imagine more than one method of rationing the use of resources among people. 

1. by price (most goods and services in a market economy)

2. equally per capita (e.g. in wartime)

3. by merit (e.g. in applying to university)

4. by queue (e.g. when waiting for bus)

5. by whoever is stronger - 'rule of the jungle'

Economists tend to argue that rationing by price is the most efficient measure; however, other 
considerations may entail a different rationing scheme. For example, the rationing of scarce resources 
entails important consequences as regards distribution of income.. 

In the case of rationing by price, the additional price needed to bring demand below supply (the  rent) 
constitutes a permanent additional charge over and above the costs of production. Given that rationing 
takes place by price, there remains the question as to who will charge the additional rent needed to keep 
supply below the fixed constraint. Those who charge the rent, get to keep it. Therefore, the way that the 
rents are distributed from the limited amount of hard constraints is an important question. 

Price rationing can take place by the owner of the resource or service (the seller), by the buyer of the 
resource, or by an intermediary such as the government. If buyers ration their behaviour then they can 
reduce the price paid for the scarce item. In effect, the scarcity rent required is taken by the buyers. 
Otherwise, the goods will be rationed by the sellers, who will take the profit. A third option, proposed by, 
among others, Confucius and Henry George, is for the government to impose a tax, so rationing demand.

The 'default' position, in the absence of specific interventions, is for the sellers or owners of the resources 
to impose the rent. These rents can be very significant; they are a permanent 'supernormal' profit. The 
economics of poor but resource-rich countries is often dominated by so-called 'rent seeking behaviour', 
which can lead to conflict: a situation known as the 'resource curse'.

The inter-temporal rationing of resource-use is also an important question. If a non-renewable resource is 
extracted too fast, it may not leave enough for future generations. If there are agents that have long time 
perspectives and can store the resource, then it's likely that the outcome will not be a major economic 
failure. Because of its scarcity value, those who invest in the resource could make money by speculating 
on future price rises. Therefore we expect that inter temporal rationing should be taken care of by the 
market; but the distribution of rents is an important question that needs careful consideration.





Conclusion
Constraints in environmental and resource economic problems are generally of two types 

1) a physical limit on something (e.g. resources) that it is physically impossible to exceed or

2) environmental limits that we can cross but at the cost of severe damage. 

Economic  issues  in  relation  to  physical  limits  are  a  matter  of  distribution  (of  resources  between 
individuals  at  a  particular  time,  and  between generations).  A free-market  economic  system works  to 
allocate  scarce  resources  amongst  competing  needs  –  even  across  generations;  but  the  distribution 
between agents may still be  a matter of concern. In regard to environmental limits, humanity must limit 
itself: a free market system will cross economic limits unless some constraint (such as a tax or cap) is 
imposed. In regard to the satiation of human needs through limited resources, there is little prospect of a 
Malthusian crisis, famine is more likely to be caused by the distribution of resources, than by a lack of 
food. In regard to  environmental  problems by contrast, however, the limitation on our behaviour is not 
enforced by nature – society must enforce the constraints itself, or face irreversible damage.
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POLITICAL THEORY AND CARBON PRICING101

Policies and strategies to reduce carbon emissions, such as a carbon price, are evaluated in a wider 
context of political norms and philosophy. In this context, a price on carbon is found to be a viable 
and reasonable approach to mitigate climate change.

101Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010



Introduction

Putting a price on carbon will reduce our emissions of greenhouse gases. However, there are other options 
for dealing with carbon emissions other than a price on carbon. These might include 1) no government  
action (what we might call non-interventionist minimalism), 2) education and moral suasion and 3) 
regulation. To assess these options will sometimes take us out of the realm of economics and into the 
realm of political philosophy.

Assessment of Strategies
Non-interventionist minimalism argues that it is not the government's responsibility to minimize carbon 
emissions. Rather, it is the responsibility of individuals to decide what emissions they emit. Just as we 
treat the consumer as sovereign when deciding whether to buy a McDonald's hamburger or visit a locally 
owned restaurant, so it is the responsibility of individuals to regulate their own carbon emissions. There 
are two concerns with non-interventionist minimalism.

Under most theories of liberty (e.g. Mill 1986) the right to do harm to others is restricted, even if liberty 
in general is supported. Carbon emissions are likely to change the world's climate system in ways that 
makes it more difficult to live in parts of the world without severe consequences to life and limb; this 
arguably involves harm to future generations. A man who poisons the water supply is committing a crime, 
and society punishes such activities. The liberal contention is that one should be free to behave how one 
likes unless it involves harm to others. Freedom to act does not involve freedom to harm, and if carbon 
emissions involve harm to others, then they should be restricted; the exact restriction (whether it should 
be banned outright or just penalized with a cost) is yet to be determined.  In contrast, , we might consider 
that harmful activities should be banned outright and not just restricted or charged. In the case of natural 
systems we sometimes can define a threshold for harm, for example, the level of fishing at which fisheries 
collapse.

In the case that carbon emissions might be inconvenient to others but not harmful, it is less clear that they 
should be regulated, and to a large extent it might depend on how such regulation takes place. 
Libertarians argue that a lack of government interference in peoples lives in not so much a question of 
optimality but rather about good procedure. Whether a solution is sympathetic to libertarian or Austrian 
concerns will rather depend on the details as to whether an overall policy proposal constitutes an increase 
or a reduction in government interference. Replacing transaction taxes with upstream carbon taxes might 
in fact reduce the level of state interference.

Carbon emissions might,however,  be considered  by some to be inconvenient to others but not harmful. 
There are things we do to one another, which while not harmful are not pleasant. For example, playing 
loud music does not actively harm one's neighbours but it does inconvenience them. If I drive to work 
alone rather than taking the bus, then my actions will not only cause more  carbon emissions, but also use 
up more scarce traffic space and therefore indirectly cause other people inconvenience. These actions are 
not harmful in a strong sense, but yet they do diminish our neighbours' interests, happiness or 
convenience. Economists often argue that such activities should be regulated. Collectively, our lives 
might be better if we were charged for road congestion; the total welfare is increased because we each 
pay the social costs of our behaviour; rather than our share of the social cost of everyone else's.

Liberals are often involved in local programmes to reduce emissions; they often emphasize moral suasion, 
awareness raising and giving information as methods to reduce emissions. We might look on such efforts 
sympathetically, since they presumably increase the level of information available to make both 
individual and political choices. Nevertheless, moral suasion appears to be a difficult strategy to 
implement effectively as Hardin (1968) argues. There is always an incentive to defect in social choices. It 
could be argued that some of our social 'peer pressure' functions have been given over to the state, 
especially in large societies where our social interactions are with others we do not know personally. not 
what ? Hardin's argument for 'mutual coercion mutually agreed upon' appears solid.



Thus, we fail as self-regulators. This is not a pleasant message to give but it is an important one to argue. 
We fail because we have other priorities. As individual agents, we cannot be expected to take care of the 
future of all of humanity in our behaviour: we take care of ourselves, of our family and friends and our 
neighbours; but not everyone on earth to an equal degree. If we were all perfect utilitarian agents there 
would be no need for a tax. The reasons for our failure of self-regulation are partly the unrealistic 
requirements that pure altruism would entail; not only in terms of our desire to help those we are not 
connected to; but also in the information needed to do so. Finally, actions that are for the sake of those 
around us are often implicitly regulated by those around us by multiple methods of social interaction. It is 
between humans that presumably the full panoply of human interactions can be fulfilled. Such 
interactions have little chance of being mediated on a global scale and between generations. Ethical 
behaviour is, arguably, mediated and supported by human interactions; human interactions which are not 
available at a planetary scale, since the number of people is too large to be known personally. The 
argument for government intervention thus comes from both the scale of climate change and it's newness 
as an issue to be dealt with.  
An important sociological criterion is therefore whether or not a certain activity is intended to be self-
regulated or other-regulated. Hardin (ibid.) argues against 'soft' (non-coercive) interactions and in favour 
of 'hard' (coercive) interventions on a number of grounds. Soft interactions may tend to promote guilt and 
harm those who are swayed by such reasoning; leaving those who are not swayed to go free. The 
perception of many people is that environmentalists wish them to give up their car or foreign holidays and 
this causes rejection of the whole message.

This argument against self-regulation also applies to the economic formalism of Coase (1960). Coase's 
theorem implies that state imposition of taxes is not necessary, so long as property rights are well formed. 
Those who pollute and those who receive pollution will come to a legal agreement, which although not 
necessarily equitable, will be efficient. The argument that legal rights of those who have an externality 
inflicted upon them will lead to an efficient outcome without government intervention is largely 
appropriate to smaller scale problems involving only two parties. It does not begin to address the 
collective action problems which are arguably at the core of the climate problem. Similarly, it is the 
economy of information (that is, that economic incentives are passed to individuals, in increased prices, 
without the individual having to assess individually the carbon cost of each transaction – rather than in a 
complex set of messages that may be ignored) that is the key to the advantages of the carbon tax 
approach.

If, therefore, a method of persuasion that is to some degree coercive, exists, there remains the question as 
to what method of coercion is required and whether such coercion is possible. Taxes, permit schemes, 
regulation of goods and activities and direct control of people's lives are to a larger or smaller extent 
coercive activities. Taxes and quota schemes have arguably a similar level of coercion – they allow an 
activity but only at a price. Regulation, however, outlaws some activities entirely. The argument in favour 
of market mechanisms is largely one of efficiency at achieving a given goal. Taxes or quotas do not pre-
judge the best way to achieve a certain goal.

In any case, it can be expected that the aggregate result of individual action is a certain level of emissions 
– either this level is acceptable or it is not. If it is not acceptable, then further more coercive activities may 
be required and there may be  a trade-off between the political and economic costs and the environmental 
benefits. I therefore investigate in particular that situation, where additional mitigation, in addition to that 
which is voluntary, is required.

Welfare economics sometimes seems to assume that individuals are perfectly selfish in regard to 
collective goods and that the state is capable of being perfectly altruistic, in the presence of good 
economic advice! Neither assumption is fully justified, but it appears that individual's altruism is at the 
very least non-complete. An alternative way of putting this is that economics often deals with the 
allocation of scarce goods. In most cases the price mechanism is used to ensure the rationing of these 
goods, so in principle the same should be applied to public bads.  The assumption of perfect altruism on 
the part of the nation-state is itself questionable but in principle a question of political theory and not of 
economics.  



Conclusion
In conclusion a price on carbon is a viable and reasonable approach to mitigate climate change from the 
point of view of political theory.
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CARBON PRICING & INSTRUMENT CHOICE102

Raising the end-user price, or otherwise rationing fossil fuels is a necessary condition for reducing 
greenhouse  gas  emissions  emissions.   This  paper will  focus  on  the  appropriate  mechanism for 
pricing carbon. 

Different options will be assessed according to certain criteria. There are four major aspects of instrument 
design which are assessed: whether a carbon price should be imposed 'upstream' or 'downstream', what 
the coverage of such a scheme should be, how revenues should be used, and lastly whether policy should 
primarily deal with quantity of emissions or price (carbon taxes). I provide tentative conclusions to these 
questions. 

Two commonly suggested market-based mechanisms for reducing greenhouse gas emissions are a 
carbon tax and a cap-and-trade scheme. I argue that there are some arguments for preferring a 
carbon tax over a cap-and-trade scheme, and that the two policies are not mutually exclusive.

102Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010



Introduction

What is a carbon price?
A carbon price is a tax or other cost imposed on the emissions of greenhouse gases or, equivalent to 
carbon dioxide emissions, on the extraction or import of fossil fuels, by carbon content.103

Why price carbon? 
We should price carbon because emissions of greenhouse gases need to be rationed if we wish to preserve 
a climate 'similar to that in which civilisation developed'. Imposing a tax (or other form of carbon price) is 
the most efficient way to ration their use104. In rationing them so, we are correcting for an economic 
external effect: “If the production or consumption of a good creates a negative external effect (i.e. one not 
reflected in the price of the good) then social welfare can be increased by imposing a tax on the item” 
(Ekins & T. Barker 2002).

Raising the price of carbon has the following effects (Nordhaus 2009):
• Gives consumers a signal regarding the carbon content
• Gives producers a signal - to move to low carbon technologies
• Gives innovators a signal - to develop long-term technologies
• Economizes on the amount of information required for these actors to make these decisions

At what level should the carbon price be levied? 
This question is more straightforwardly answered if we can quantify in financial terms the damage that 
would  result  from a  given  level  of  greenhouse  gas  emissions.  In  this  case105 social  welfare  will  be 
optimized if a tax is levied on the polluter equal to the marginal damage cost of the pollution generated.

There is a large degree of consensus amongst economists that externalities should be priced at the social 
cost of carbon; however, beyond this theoretical construction, there is much less consensus over numbers. 
There have been efforts to approximate the external costs of greenhouse gas emissions (Stern 2006), 
(Eyre 1998). There is not a high degree of consensus over the level of external costs; and the modelled 
costs are particularly sensitive to assumptions. Indeed, if, as seems likely, the probability of catastrophic 
outcomes decays less rapidly than our aversion to such outcomes, the calculation of marginal damage 
costs is dominated by the willingness to pay to prevent catastrophic outcomes, and this willingness to pay 
diverges (it is infinite) (Weitzman 2008). It is difficult to estimate the value of 'the social cost of carbon', 
and difficult to approximate such a cost through trial and error. An alternative approach to justifying the 
carbon price is called the 'standards and pricing' approach (Baumol & Oates 1971): a target for 
atmospheric pollutants is determined politically and then a carbon price is used as the primary policy to 
achieve that target. Note that this could still use a carbon tax (as opposed to cap and trade) so long as the 
carbon tax was set so as to target a particular level of emissions.

Carbon pricing does not pick one single solution to climate change. It does not choose between 
technological and behavioural change. Rather, economics recognises that our behaviour is influenced 
directly and in many indirect and subtle ways by the economic incentives placed on us. A carbon price 
can indeed be seen as the correction of a previous existing distortion in the real economy, the failure to 
account for serious externalities. It is not necessarily the whole solution but, in virtue of its powerful 
effects should be seen as a necessary condition for mitigating climate change.

What Criteria Should We Use to Assess Alternative Instruments?
Three common overall criteria for assessing policies are effectiveness, efficiency and equity (Stern 2008). 
Perman et al. (2003) give a longer list of criteria for pollution control instrument choice:

103A price on carbon is usually measured in an equivalent amount of Carbon Dioxide; the price in the European ETS is 
measured in Euros per tonne of Carbon Dioxide.

104The main part of this paper deals only with the economics; for the wider philosophy please see the appendix.
105In the absence of the deadweight cost of levying taxation from other sources.



• Cost effectiveness
• Long run effects
• Dynamic efficiency
• Ancillary benefits
• Equity
• Dependability
• Flexibility
• Costs of use under uncertainty
• Information requirements

To this longer list, I would add the following additional criteria:
• Simplicity
• Susceptibility to adverse regulatory capture
• Compatibility with the incentives of political as well as economic parties
• Modularity



Coverage of Carbon Pricing Schemes
It is important to note that downstream approaches therefore usually include only the large point source 
emitters.  For  example,  the European106 Emission Trading Scheme (EU ETS) covers  only  energy and 
industrial sectors, collectively responsible for close to half of the EU's emissions of carbon dioxide, or 
40% of its total greenhouse gas emissions (European Commission 2008), on a 'production' basis107. 

Policy Solutions
There have been attempts to ration the other sectors, such as transport and domestic fossil fuel with, for 
example, Domestic Tradeable Quotas (DTQs) (Starkey et al. 2005). Nevertheless, the advantages of these 
schemes over upstream approaches appear to reside mostly in the realm of psychology – individuals 
would be directly managing their own carbon footprint, which would be visible. In comparison with this 
potential psychological benefit, the administrative burden and cost of implementation might be relatively 
high.
The most obvious alternative solution for these sectors that minimizes the transaction cost is an upstream 
carbon  tax  or  emissions  trading  scheme.  To some extent,  there  are  taxes  already imposed upon  oil 
products used in road transportation. However, these can be seen as a road payment for the rental and 
maintenance of the road network which also account for the other externalities involved in road transport. 
In addition it can be argued  (Stoft 2008) that oil should be taxed in addition to its impact on climate 
change, for energy security reasons, so as to minimize transfers of scarcity rent to the oil producer cartel.

'Production' or 'Consumption' Basis?
It is also important to note that emissions on a 'production' basis are not the only emissions associated 
with domestic consumption. There are further emissions that need to be accounted for: those from 
imports, overseas tourism and international aviation and shipping. Emissions according to a 'consumption' 
basis include all these further emissions from the choices of domestic consumers. These emissions can 
make a big difference to the overall size of emissions and to their growth trajectory; for example the 
diagram below shows the trajectory of UK emissions on a consumption basis, split into Kyoto 
(production); net emissions from tourism, net imports of ('embodied108) carbon, and the emissions from 
international shipping and aviation. Note that UK emissions are both much higher (72% greater that 
UNFCCC guidelines, at about 1,100MtCO2e) and rising rather than falling (increase in emissions of 19% 
over 1990-2003, as opposed to a reported fall of 15% according to UNFCCC guidelines).

UK Emissions when Embodied Carbon Imports and International Transport are Included:

106The EU ETS contains: “27 EU Member States but also the other three members of the European Economic Area – Norway, 
Iceland and Liechtenstein” (European Commission 2008)

107The existing 'Kyoto' convention is to allocate emissions generated when producing goods which are exported to the 
producing country rather than the importing (consuming) country. The proportion of total emissions covered by the EU 
ETS on a 'consumption' basis, would be even smaller than 40%. For more details and approximate numbers for the UK see 
next section.

108Carbon combusted in the manufacture of goods and services.



































Source: (Helm et al. 2007)

Conclusion
The current  EU ETS covers  little  more  than  one  third  of  emissions  in,  for  example,  the  UK when 
emissions  are  measured  on  a  consumption  basis.  Such  a  scheme  is  likely  to  produce  inefficient  or 
perverse  results.  Serious  attention  must  be  paid  to  the  sectors  not  covered  by  the  ETS:  household 
consumption of fossil fuels, transport, including international transport and carbon embodied in imports. 
In regard to household fossil fuel use and transport, it is likely that markets work less efficiently than in 
the traded sector; nevertheless, to avoid inefficiencies, carbon leakage and rebound effects, all sectors 
should show a minimum price of carbon.



'Downstream' or 'Upstream'?
The main greenhouse gas is carbon dioxide (CO2) and the main source of anthropogenic emissions of this 
gas is from the combustion of fossil fuels. In the process of extraction, refining and combustion of fossil 
fuels, carbon is conserved: one atom in carbon in the original fossil fuels will be transformed into a 
molecule  of  CO2 in  the  atmosphere  (unless  it  is  used  to  make  other  products,  or  is  sequestered 
underground). 

There are in principle two ways to charge for carbon dioxide emissions from the combustion of fossil 
fuels: 'downstream' or 'upstream'. They relate to the stages in the extraction and combustion of coal, oil 
and  gas.  Charging  'upstream'  means charging  for  the  carbon content  of  fossil  fuels  on  extraction  or 
import. Charging 'downstream' means charging for the final emissions of carbon dioxide. 

Economic theory suggests that the two methods are completely equivalent.  Although the two options 
would  usually  be  levied  on  different  entities  – a  downstream emissions  tax  is  levied  on  electricity 
producers and industrial users of electricity;  whereas an upstream carbon tax would be levied on the 
importation or extraction of fossil fuels – the economic incidence of the taxes would not differ.

Often  carbon  taxes  are  associated  with  an  upstream  carbon  price,  and  emissions  trading  with  a 
downstream price. Charging for carbon upstream or downstream is consistent with either price (tax) or 
quantity (emissions trading) approaches: So, there are examples of upstream carbon tax (Stoft 2008) and 
upstream cap and trade  (Tickell  2008), as well  as downstream cap and trade  (European Commission 
2008)

Price (Tax) Quantity (Emissions trading)
Upstream Upstream Carbon Tax (e.g. Stoft) Upstream Emissions Trading (e.g. Tickell)
Downstream Downstream Emissions Tax Emissions  Trading  (e.g.  Kyoto  Protocol  / EU 

ETS)

Administrative Burden of Two Approaches
Here there is a clear distinction between approaches that charge upstream and downstream. Upstream 
approaches require far less administration than downstream approaches, because an upstream approach 
has to charge for carbon only at the sites where fossil fuels are imported or extracted (at the port or 
pipeline entry point; mine or well-head), whereas 'downstream' approaches have to charge for the carbon 
wherever the greenhouse gases are emitted. There are relatively few of these 'entry points', whereas there 
are as many legal persons responsible for greenhouse gas emission as there are citizens. 



Use of Revenue
An important question concerns the use of the revenues from carbon pricing. When permits are sold or a 
tax is levied, large revenues are made for the government. The equity and efficiency of the revenue 
measures depends partly on how these revenues are used. In the case of emissions trading, the permits are 
often given away free to the existing polluters. 

The efficiency, equity, and political acceptability of a carbon levy depends as much on the use of the 
revenues as the characteristics of the levy itself. Assuming a levy that accrues to a national government, 
the levy can be used in various ways.

1. Revenue can be raised by government, increasing the total tax take used:
a) To reduce government borrowing (the national debt) by purchasing government bonds or 

reducing the issuance of new bonds109

b) To increase government spending, either in general or on specific projects (e.g. those related to 
developing technology to mitigate climate change)

2. Revenue can be transferred back to individuals or companies:
a) by reducing or eliminating other taxes
b) by returning money directly to individuals in the form of a cash payment or citizen's income
c) by offering free permits or cash payments to companies

In principle, a tax system and cap and trade scheme are completely equivalent from the point of view of 
the use of revenues.

Revenue Raised By 
Government

Revenue Given To 
Individuals

Revenue Given To 
Companies110

Carbon Tax Carbon Tax alone 'Tax and Rebate' 'Tax and Refund'
Cap and Trade Cap-and-trade with 

auctioned permits
e.g. 'Cap and Dividend', 
TEQs

Cap-and-trade with 
'grandfathering'

Tax Collection and Tax Incidence
It is important to note that the economic burden of a tax (who suffers economic loss as a result of a tax) in 
no way depends on the nominal incidence of the tax (who is charged the tax)111. The economic incidence 
instead depends on the relative elasticities of supply and demand for the good taxed. If demand is 
perfectly inelastic (e.g. in the case of insulin injections), then the entire burden of a tax on this good will 
fall on the consumer of the good. Likewise, if demand is perfectly elastic (say for example for pink 
highlighter pens where green highlighters are a complete substitute), then the entire burden will fall on the 
suppliers of that good. If supply is perfectly inelastic (e.g. in the case of land for which there is no 
substitute), then the full burden of taxation will fall on the suppliers of that good. It doesn't matter where 
in the chain of extraction, refinery and energy transformation revenues are collected (Levinson 2009).

Price or Quantity Control?

Taxonomy of government measures to deal with climate change
The following measures are commonly suggested to deal with greenhouse gas emissions, and may 
constitute the usual set of measures to deal with the problem:

• Regulations112

• Carbon Taxation

109Or in principle to reduce the money supply – the opposite of 'printing money'.
110Permits have often been given to historical polluters. It is hard to understand the economic justification for this approach. 
111The naïve view that whoever is charged the tax, will suffer the burden, is known disparagingly as the 'flypaper theory of  

tax'; like a fly on flypaper, this theory assumes that on whatever entity the tax is initially imposed, the burden sticks too.
112For example mandating the energy efficiency of appliances



• Cap-and-Trade

Equivalence of Cap and Trade and Carbon Tax (Under Static Conditions and 
Perfect Information)

The issuance of a fixed number of permits to emit CO2, and a tax set at a rate intended to limit CO2 

emissions to the same level, are essentially equivalent under fixed market conditions and complete 
information. Both regulate the supply of CO2 by price; if an economic agent wishes to emit any CO2 then 
they will have to pay for a permit or the equivalent tax price. They can both be expected to achieve the 
same objective under conditions of perfect information about the abatement cost curve, and the absence 
of market shocks.

Under these conditions, both cap and trade and carbon tax can be expected to reach a certain economic 
objective at the lowest cost. Either can therefore be considered a 'market solution' in the sense that they 
use the economic system to allocate resources and make decisions over carbon abatement. Regulation is 
not in general as efficient a solution, because in general different technologies may be outlawed than qre 
economically optimal.113

Efficiency in the Presence of Uncertain Knowledge
The first argument over the relative advantages of taxes and quotas is their relative efficiency in the event 
of imperfect information. We will formulate it in terms of damage costs and marginal net private benefit 
of emissions.

As is argued (Ekins & T. Barker 2002) “It is preferable to fix the price, where there is uncertainty over the 
control  cost  function  and  a  possibility  that  it  is  highly  sensitive  to  greater  than  optimal  emissions 
reductions, and it is preferable to fix the quantity where there is uncertainty over the damage function and 
a possibility that it may be highly sensitive to greater than  optimal emissions.”

It is furthermore argued (Hepburn 2006) that it is precisely and only the relative slopes (elasticities) that 
matter.   What are the curves like in reality? Since CO2 is a stock-commodity externality (each tonne of 
CO2 is basically equivalent and accumulates in the same way over time), the truth appears to be that the 
damage cost curve is flat but highly uncertain in magnitude; the marginal abatement cost curve is flat in 
the long run and sharp in the short. 

A usual  assumption  of  economists  is  that  the  curves  will  be  close  to  one  another;  however,  this 
assumption is challenged by the structural uncertainty over the damage cost of carbon. Two flat curves 
may hardly intersect at all; this perhaps explains some of the polarity in global warming discourse.

Dynamic Consistency
Economists tend to suggest that there are two decisions made by companies: long term decisions over 
investment and short term decisions over fuel mix. This leads to a steepening of the marginal abatement 
cost curve over time.  In the limit, the marginal abatement cost curve becomes vertical.

It has sometimes been alleged that the crash of the carbon price was caused by over-allocation of permits, 
but instability is a fundamental part of a carbon quota scheme, due to a) the changing nature of the 
marginal abatement curve and b) its horizontal volatility.

The Implication of Volatility for Investment
It is well known (Dixit & Pindyck 1994) that uncertainty tends to delay investment. There remain serious 
concerns as to how much a low and volatile carbon price can drive low carbon investment, in particular 
decarbonization of energy systems. Financial Contracts can guarantee the carbon and/or electricity price 
for low-carbon electricity investors, promoting large scale investment. Rapid decarbonization can be 
promoted by higher-price contracts going to the first to build. Given that climate change is a 'critical path' 

113If we operate under conditions of perfect information we would presumably know which are the technologies that would 
not be justified at all; but we might be able to regulate marginal behaviour change between driving and taking a bus for 
example.



sort of problem, this is an important concern. A further paper will deal with these issues.

The Political Dynamics of Rent Seeking
Climate policy architectures need to make stringent emissions reductions compatible with the incentives 
of participating nations. A second paper will deal with the game theoretic implications of rent seeking in 
international policy.

Legal Structures & Clubs
The European Union demonstrates an important legal precedent it is a club and has a legal structure. A 
further paper will deal with a proposal for a climate club on similar grounds.

Is Cap-and-trade preferable to a carbon tax as a 'market solution'?
It is often suggested that carbon trading is a 'market' solution to the problem of climate change, in contrast 
not only to regulation, but also to a carbon tax, which is viewed as a 'state' solution. There are two sides to 
this argument; the first regarding the formal structure, the second regarding the institutional structures 
which make the emissions reductions.

According to the first structure, we define a policy goal (which, we would assume, is informed by 
scientific concerns); we want to reach this emissions reduction commitment in the most efficient way. 
However, this argument gives undue weight to the original goal. In reality, the original goal is often 
driven not only by scientific concerns but rather the expected ability of the economy, and particularly the 
energy system, to respond to these goals.114 But we may not know the ability of the economic system to 
respond to carbon pricing and other policies Presumably our goal regarding climate change could be 
expressed more honestly to 'decarbonize the economy as quickly as possible, without excessive costs'.115 
In that case, a fixed price would be, in a sense, more of a 'market' solution than an emissions trading 
scheme, simply because, if our goal is driven in part by considerations of economic viability, it would be 
better if the market provided this information rather than it being presupposed that we can determine how 
fast the economy should be decarbonized.

A different ethical cost-benefit analysis, rather than comparing the estimated costs of tackling climate 
change to the estimated benefits, might instead consider the risks  of climate change, compared to the 
risks of a carbon tax.116

One issue with a carbon tax is the word 'tax' which appears to be political suicide. There is no need for 
this to be final, however: it is possible to have a tax and yet not using the word 'tax'. For example, one 
could talk about “Price” or “Quantity” Permits.

Further Arguments
William Nordhaus argues in favour of a system of harmonized domestic taxes on CO2 emissions 
(Nordhaus 2007; Nordhaus 2009). Countries would agree to penalize carbon fuel. Revenues would be 
collected and retained domestically. From a conceptual point of view, the tax should be harmonized in all 
sectors and countries. Nordhaus points out the following advantages for Taxes over Cap-and-trade:

1. The price based approach can be more easily integrated into an international trading system
2. Emissions taxes are more efficient; because of the linearity of the damage cost curve and the sharp 

convexity of the abatement cost curve
3. Emissions trading schemes have produced severe volatility. It is inherent in the system, because of 

the constraint and the relative elasticities.
4. Tax approaches captures revenues more easily and can show long-term benefits
5. Tax approach is less distorting to economic behaviour.
6. No artificial scarcities to encourage rent-seeking behaviour
7. Taxes are a proven instrument. We need to use tried and true instruments.

114Sometimes environmental goals are explicit, but one is suspicious that those criteria appear to be a compromise between 
the science and the economic practicalities.

115Barker (2008)
116See later section.



8. Carbon Tax model is a friendly approach for countries wishing to agree on a climate treaty. 

Under the internationally harmonized carbon tax model, they would only have to agree on that minimum 
price.

It is further argued (Stoft 2008) there are the following more political disadvantages from Cap-And-
Trade:

1. Caps Take Control. They control emissions—completely.
2. Caps Kill Initiative. Reducing your emissions doesn’t help the climate, because the overall 

emissions are capped anyway.
3. Kyoto-Style Caps Will Fail Again. China still rejects caps.
4. Cap & Trade = Cap & Pay. If we cap first, China will just sell us offsets.
5. They’ll Charge You for What’s Free. Companies pass on the “cost.”
6. A Cap Is a Tax. Paying for permits is just like paying a tax.
7. A Cap Is Regressive. The poor pay the highest cap-tax rate.

 
Nevertheless, there are some arguments in favour of cap-and-trade. Here are some commonly argued: 

1. There is a certainty of outcome (in theory at least) But see Nordhaus (3) above
2. International emissions trading promotes international flows and investment
3. Flexibility is enhanced in various ways (some people see the option of grandfathering permits as 

being a political advantage; others as a disadvantage).

However, these advantages appear slight relative to the disadvantages. It is possible that elements of both 
might be combined.

Practicalities
The cap and trade system, and it's cousin, international targets, appears to have won out. The arguments in 
favour of tax are strong. The arguments for cap-and-trade are weaker. Most importantly, there are serious 
questions over the structural soundness and perverse incentives associated with the current international 
(Kyoto) process. Therefore, alternatives to cap-and-trade and targets should be urgently considered.

Hybrid Systems
Adjustable Taxes
It is customary to compare a fixed tax with a fixed quota. But taxes can be flexible too. In the same way 
that the  (e.g. Carbon central bank). With learning and readjustment of policy the difference in effects 
between carbon taxes and carbon trading can be reduced. However, continual policy readjustment creates 
further uncertainty for firms that increases the cost of capital for low-carbon investments.
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PART FOUR: POLITICS AND 
INTERNATIONAL POLICY

Part Four sets out the politically difficult nature of climate change, using game theory:

• First, the basic game theoretic problem is outlined. Philosophical approaches to cooperation are 
outlined.

• Second, the literature on global cooperation on climate change is outlined.

• Third, the global climate policy game is outlined. I suggest a specific issue with global emissions 
trading that may lead to suboptimal outcomes.

• Fourth, a specific sub-national solution is developed, the Energy Refund for a Climate Club.

• Fifth, a complete set of proposals are outlined for effective global governance relating to 
greenhouse gas emissions.



Policy and Politics: A summary of the rest of the book 
1. Avoiding dangerous climate change requires rapid energy decarbonisation. (Hansen et al. 2008)

2. Tackling climate change is an inherently difficult problem because the collective interests of the world 
as a whole are perceived to differ from the narrow self-interest of key actors. This is also referred to as the 
'Tragedy of the Commons'(after Hardin 1968). Each country has an incentive to defect from the co-
operative solution. A key method to solve the tragedy of the commons is to reformulate the problem in 
ways that avoid it. Any model is an abstraction of reality, a broader or narrower or different model of 
reality may include different features.(Hess 2007)

3. Later in the book I will deal with in detail with issues of political feasibility. We must avoid collective 
political 'Akrasia'(Aristotle 1995; Book II, Chapter III, 1261b) or 'moral incontinence': sincerely wanting 
to do something and actually doing something else. The policies to achieve rapid decarbonisation would 
only be adopted by key actors such as nation-states, business and voters if they are to be perceived to be 
in these groups (broad) interests.117 

4. The degree to which actions are perceived to be positive to key actors depends on:
a) whether the net benefits (financial and other) that accrue to the actors are in fact positive.
b) the terms in which the policy is expressed and how it is communicated.

5. An important cross-cutting criterion for net benefits for key actors makers is whether a policy increases 
the wealth of the participant (Dasgupta 2001). The real net benefit to key participants depend both on the 
design of the policy and the technologies used.

The different classes of participants defined above need to be considered separately:
6a. Nation States: The economic benefits to a country depend upon the benefits to the economy as a 
whole, to co-benefits such as security of supply. The international interests of nation states are
6b. Companies: The key characteristic of the economy is that it is currently carbon intensive. The 
structure of the economy can, however, change.
6c. Voters: Any policy changes would create winners and losers

7. Carbon Pricing. Carbon pricing is defined as an additional cost on fossil fuels or the pollution they 
produce, in addition to their extraction cost (Stern 2006, Chapter 14, p309). Carbon pricing can take the 
form of a carbon tax or a cap-and-trade scheme. 

8. Political Constraints on carbon pricing. There are constraints on how hight the price of carbon can be 
and equivalently, how rapidly emissions can be reduced. This is related to the existing costs and benefits 
of activity according to the structure of the economy. However, the fact that a (small) tax on carbon is 
resisted, is only a product of the existing structure of the economy. The structure of the economy can be 
changed, by decarbonising the energy system.

9. Decarbonising the energy system will require large scale investment in carbon free energy (primarily 
electricity) generation technologies. Investment is a product of Expectations of future electricity and 
carbon prices & Uncertainty and risk in those projections.
In order to encourage large scale deployment, one possible option is the use of Electricity and Carbon 
Price guarantees (Ismer & Neuhoff 2006).

10.By making significant and well-designed policy changes now, we may even be able to create net 
economic benefits, but we need a widely adopted economic model that takes the behaviour of people and 
institutions into account. 

117See chapter 8



POLITICAL THOUGHT ON COOPERATION IN THE CONTEXT 
OF CLIMATE CHANGE (NOTES) 118

“We may pretend that we're basically moral people who make mistakes, but the whole of history 
proves otherwise”  – Terry Hands, British Theatre Director

I outline the problem of the 'tragedy of the commons' and ways to tackle this problem from the 
history of political thought, with reference to global climate change.

118Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010



Climate Change and Game Theory

The Prisoner's Dilemma
The prisoner's dilemma is an example in game theory where common and individual interests differ. 
Two prisoners A and B are interrogated separately for a joint crime. If they say nothing, then each 
will get 1 year. If one confesses and the other does not, the confessor will get 3 months but the one 
who did not, will get 10 years. Finally, if they both confess they will each get 3 years. Which choice 
should they make?
A reasons that if B confesses then his choices are not confess (and face 10 years) or confess (and 
face (3 years) – in this instance his best response is to confess. If B does not confess, his options are 
to confess (and get 3 months) or not confess (and get 1 year) – again, his best response is to confess. 
B has exactly the same response; the net result would be that both confess, and they get 3 years. If 
they had been able to cooperate, however, they would only face 1 year each. The result was optimal 
from an individual point of view but socially suboptimal.

The Tragedy of The Commons
Climate change is a global example of the parable of the 'tragedy of the commons'. A limited piece 
of common land is grazed by many farmers. Each of the sheep eats a certain amount of the limited 
supply of grass. Each farmer has an incentive to graze more sheep. However, eventually the land is 
overgrazed, and no-one has enough to feed his sheep.119

The problem is that the social costs of the grazing are not felt by each farmer.
Pollution is a similar example. The atmosphere is polluted because each polluter does not notice the 
effects of his pollution on others.

The Logic of Collective Action
Mancur Olson described how groups may arrange themselves in order to lobby the government for 
goals. Those groups which are diffuse and unstructured may not be willing to lobby the government 
for their common goals.
In the case of a perfectly competitive market, collusion is impossible because the many firms that 
gain from defecting outweigh the possible gains from those who cooperate. 
One might think that the groups with a common interest could create an organisation. However, 
such an organisation would be unable to constrain it's members because it would have exactly the 
same problem, unless active members were rewarded, there would be an incentive on all to 'free-
ride'.
Olson argues that in a democracy it is not the majority that are likely to tyrannise the majority. 
Rather, minor interests, if they have interests that are concentrated, will be able to overrun the 
interests of the majority.

Rent Seeking Behaviour
The battle for economic rents is often called 'rent seeking behaviour'.
e.g. Krueger (1974) points out that political restrictions lead to the possibility of excess rents being 
accrued. She develops a model of rent seeking and is concerned about the possibility of a 'vicious 
circle' developing of political action inspired by distortions, itself creating more distortions.
This may have been what has happened with global warming. The interests of minor fossil fuel 
interests have managed to overrule the interests that the majority (and future generations) have in 
protecting the planet

119 Gardiner terms climate change “A Perfect Moral Storm” due to: Global Dispersion of causes and effects; 
Fragmentation of Agency; Institutional Inadequacy; Global; Intergenerational; Moral Corruption.



Climate Change and Economics

Does the free market work in this context?
Ignoring distributive concerns, economists suggest that the free market achieves a favourable 
outcome where an activity does not pollute (more formally, when a transaction between agents does 
not generate negative effects on other humans, animals or the ecosystem). When an activity 
pollutes, the market needs adjustment, or else there will be too much pollution generated.

How can the market be adjusted?
The government regulates firms and individuals. Pollution can be directly controlled, taxed, or 
permits to emit can be sold.

Direct control
Governments impose regulations preventing individuals or firms from emitting certain forms of 
toxic pollution. Firms are severely fined if they emit such pollutants, or if the concentrations of such 
pollutants breach safe levels. It is possible that the US clean air act could be used to control 
greenhouse gases.

Taxation
Taxation is an efficient way to limit a tolerable pollutant that nevetheless imposes costs on society. 
The amount of pollution is metered, and pollution is charged at a fixed rate. Taxation is an 
appropriate method of regulation where the social cost of pollution is well known.

Permits
Where the government wants to limit the amount of pollution to a certain level, it can sell a fixed 
number of emissions permits. The price of these permits will adjust so that the demand for them is 
equal to the number of permits.



Why is climate change a difficult problem to solve?
The effect of a polluter's actions are distant in space and in time.

Distant in space: Causing Problems for others on earth
The emission of greenhouse gases is a truly global phenomenon. These gases do not cause local 
problems, but they cause an increase in temperature for all on earth.

Distant in time: Causing Problems for future generations
The effects of CO2 emission will not be felt for some time. In addition, the global warming 
potential already accumulated has been masked by the global cooling effect of particulates, such as 
soot, in the atmosphere.  Future generations have a direct voice only in the young.

No property rights
No person owns the atmosphere, so there is no voice to protest or negotiate.

Perception of Scientific Uncertainty
Governments may use scientific uncertainty as an excuse not to act

No global government
The solution to the problem of emissions in a national context involves a benevolent, well-informed 
government being able to impose regulation upon firms and individuals, so that the common good 
is protected. In the case of emissions of carbon dioxide, we would need a global government. Such 
a government does not exist. There are only international treaties. In theory, a global government 
could be created; but this seems unlikely because it involves nation-states giving up sovereignty, 
which they are generally unwilling to do (the European Union is the exception to this rule).

International Treaties on Climate Change
One way to solve the problem is through international treaties. Such treaties have succeeded when 
the cost of reducing emissions is low (e.g. Montreal Protocol banning the use of CFCs). The treaty 
limiting CO2 emissions is the Kyoto protocol. Problems with such treaties are:

Incentive to avoid stringent targets
Governments may avoid agreeing to limits on emissions that may be difficult to keep.

Incentive not to ratify treaties
Government may perceive it not to be in their national self interest to ratify international treaties.  In 
the end even China will see it is in their interests to co-operate, if things get bad.  But it may be too 
late then. 

No Enforcement Powers
International treaties cannot be enforced, since international organisations have no enforcement 
powers. So governments may break their obligation without fear of serious repercussions.



Climate Change and Political Thought

How to cooperate?
How should we solve this problem of the divergence of individual and collective interests? Well, we 
have already seen two possible solutions.

Locke: Private Property
There is a tragedy of the commons because the land is not owned by anyone. If we assign property 
rights then whoever owns the land (and therefore the rights to use it) will look after it. He will then 
negotiate with any potential polluter, ensuring an optimal outcome. 
The problem with this solution is that no-one can own the global atmosphere. The idea of emissions 
permits is a solution, but requires global enforcement, which is difficult. Similar issues exist 
regarding the global oceans.

Hobbes: The State
Hobbes famously thought that life without a state was 'nasty brutish and short'. He thought that, 
without a state, there would be war of all against all for three reasons: Competition, diffidence, and 
glory. We engage in competition for gain, we are diffident about safety, and we feel glory due to 
pride and reputation. We might think that humans are not necessarily like this, but, the idea of a 
'prisoner's dilemma' strengthens the idea that without some sort of authority, nations can descend 
into anarchy, as is seen in 'failed states' such as Somalia.

Hobbes believed in a central authority who would prefer peace to prevail and would have a 
monopoly over the rightful use of force. 
The problem with this solution to climate change is that there is no global government. One might 
however suggest that it would be an attractive situation if the world superpowers the US and China, 
and the source of legitimacy, the UN, were to find further ways of working together.  

Utilitarianism; Kant and Rawls: Fairness
One might suggest that the solution to problems of co-operation is the notion of fairness. This may 
well be a way of preventing fights and feelings of envy over the unequal sharing of cakes. However, 
there is no guarantee that a 'fair' solution will be an ecologically sustainable one.
Furthermore who ensures what is fair? This could be a state (in which case this solution is perhaps 
the Hobbesian one) or it could be some sort of rational community (which we will come to). But 
there is no guarantee that states or communities would choose one notion of fairness over another.
Philosophers of an ecological bent might also suggest that to consider ethics in such an abstract way 
is to remove it from the aspects of life which make it attractive in the first place.

Marx: Revolution?
It may be that we need quite a large shift in behaviour to solve our problems. However, there is no 
guarantee that a revolution would produce a solution with a government any better at solving 
collective problems. Indeed, Eastern bloc countries often had more severe ecological problems than 
the West.
Smaller-scale socialism, with an emphasis on community self-sufficiency seems to be much more 
positive from an ecological point of view. Some sense of needs is also important. We will come to 
these ideas later, within the context of Aristotle.



Perspectives and Aesthetics
There is more than one way of looking at things. For example, consider the tragedy of the commons 
between individuals. Without institutions (such as moral traditions), the individual self interests of 
each of the 6 billion people on earth conflict with the collective interests of that population as a 
whole. 
Now consider the tragedy of the commons in an inter-national context (for simplicity consider only 
the main economies: the G8 plus India and China). The individual interests of the 10 major 
economies conflict with their collective interests. We still have a tragedy. 

But note that the formulation of the inter-national problem presupposes the existence of entities 
(nation-states), which have already solved some of their collective action problems. These states are 
presumably capable of choosing between a consistent set of overall national preferences. Given this, 
it isn't too much further to go to solve our global problems.

If we concentrate on the conflict between interests we may fail to see that co-operation is itself a 
good which may be reflected in the way we think. The concepts we use may reflect social 
conditioning, with one will (not necessarily an individual) 'taming' another. Such a process may 
well produce an outcome which is aesthetically pleasing. We may rationally wish our actions to 
reflect a creative motif of life that one would want to live again (and in a world that one might want 
one's children to live in). A philosophy weighed down by a shrill cry for fairness, or the need to 
encompass alternative views of life, may well be 'unhealthy' in a Nietzschean sense: vulnerable to 
ideological attack from more brutish tendencies, and incapable of the necessary discipline to 
generate more attractive alternative worlds. 

Liberal thought is sometimes criticised for being schizophrenic: either allowing a free-for-all or 
imposing blankets laws or taxes. The notion that an ecologically sound way of life is to be preferred 
is, within Western economies, noticeably more prevalent amongst the well off than the poor. The 
cynical might say that to be 'environmental' is merely the prerogative of the rich. But ecologically 
friendly ways of life seem to be more than simply individual preferences, or reflections of wealth: 
there is both reason and emotion behind them. If we are to solve our problems, we need to have a 
more integrated world view. For that, we can look back to the Ancient philosophers, and in 
particular Aristotle.

Nietzsche was also of course somewhat mad. Aristotle will, as we will see, give us more confidence 
in reason than Nietzsche leads us to expect. This is in part due to a different definition of 'reason'. 
Aristotle avoids the rather narrow epistemology of (early- and mid-) modern rationalism and 
empiricism, whilst retaining a rational and empirical approach and a good helping of 'common 
sense'.

The next page is a bullet point guide to Aristotle's ethics. Aristotelian ethics is considerably richer in 
basic ideas than some modern approaches. To go into this in detail would require a book, but to 
concentrate on one or two points might miss something. The main concepts are outlined below. The 
particular aspects which may be relevant to the  climate change problem are emphasised.



Notes – Aristotelian Ethics - What is it?
• Ethics shows the teacher how to build good character 
• Ethical philosophy is a guide for the Statesman 
• Ethics is a practical art, not a theoretical discipline 
• Ethics depends on the sort of animals we are 
• Ethics involves an overall 'sketch' of the good 
• Aristotle egives space for what might be considered 'philosophical geography' 

Virtue Ethics
Virtue Ethics is a solution to collective action without the need for a central authority.
Virtues are the 'golden mean' between two extremes. Virtues rely on spheres of excellence
Man's soul has parts 

• Animal Man: Humans have needs inherited from animals e.g. nutrition, sex etc. 
• Social Man: Humans have social needs. The 'good' can be defined from use in everyday 

discourse. Social consensus is a good. 
• Rational Man (Theoretical and Practical Reason). Good depends on what we know about 

ourselves and the world. We need knowledge to act well, but we also require good character. 
• Tribal Man? See below on international co-operation. 

Ethics and The City State
Close analogy between society (city states) and human beings 
A good city should have a moderate number of people: Too few and societies cannot be self-
sufficient. too many and order cannot be maintained. 

A 'Thin Theory of the Good'
• The good as defined by Aristotle (in contrast to Utilitarianism) is not a complete ordering. 
• The realms of the various virtues are contexts in which we can justifiably define some sense 

of excellence. 
• A 'sketch of the good' should be free to consider environmental issues as they impinge on 

humanity, rather than necessarily being forced to be restricted to discourse which merely 
considers individuals and their financial interactions. 

• Man is a mental animal who  makes plans. In solving our collective problems we can 
therefore frame our solutions in the most simple and convenient way. 



Notes – Other important ideas in economics and philosophy
• Non-convexities (fragility) in ecology, human physiology and in human institutions: see 

Dasgupta. 
• The Biosphere as self regulating system: See Lovelock Agency and Climate Change

Agency (abstract noun) is defined as "The Ability to Make Decisions", the ability to think; the 
ability to act on what is thought. What is agency. Who has agency?

Rationality
• Broome - If you are rational then you respond correctly to beliefs about reasons.
• Ethical Philosophy; Psychological question on why we act.
• Moral psychology is a part of moral philosophy. But much can be reasoned a priori

Group Intentions and Akrasia
PETTIT: Akrasia, Collective and Individual. Plato's Republic - analogy between the constitution of 
the city and the constitution of the soul. Agent hold intentional state in the light of which a certain 
response presents itself. States involve may be beliefs or desires judgements or intentions. Agent 
functions within limits that are favourable; there is no malfunction. However, the agent fails to act 
in the required way. We need to know what group intentions are. Margaret Gilbert on group 
intentions. Group intentions are made up of the individual intentions to control climate change.  
Probably a bit more complicated than that...individuals in groups swayed by large-scale beliefs, 
strong individuals' views etc                                      

Politics
• Collectiv Action and The State
• Relation between the normative and the position
• Common Sense
• Conditions for the existence of a rational community

A Global Rational Community
It is very important for individuals and governments to interact with one another, allowing global 
networks and social capital to develop and ethical concepts to align. A global 'rational community' 
gives the Earth a chance to solve its problems. Such a 'rational community' must, however, ‘swim 
with the tide’, taking advantage of ‘learning by doing’ in a targeted and effective fashion.

Doctrine of the Whole and Parts
• For the whole to exist, it should take account of the survival conditions of the parts – related 

to James Lovelock.
• For collective interests to exist,the state needs to be cognisant of the organizations involved. 

What are the interests of the parts?



THE BENEFITS OF COOPERATION ON GLOBAL CLIMATE 
POLICIES – A LITERATURE REVIEW 120

This document outlines some of the benefits of global cooperation regarding climate change. 
Policies are analysed on three criteria:

• Environmental Effectiveness

• Cost Effectiveness (efficiency)

• Institutional & Political Feasibility

Important aspects to be considered include the incentives for agents to participate and agree 
to stringent action, distributional considerations, and legal mechanisms for verification and 
enforcement.
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Introduction: A Global Problem
Climate change is an inherently global problem, both in its causes and effects (IPCC 2007a). 
Greenhouse gases are emitted from human activity across the world, albeit unevenly; and climate 
change has global effects. A 'matching principle' can be formulated for environmental governance 
(Stavins 1997): the authority responsible for introducing regulation should match the relevant 
geographical scope of the problem addressed. In the case of climate change that scope is firmly 
global.121

This document analyses potential policy according to three criteria:

1. Environmental Effectiveness

2. Cost Effectiveness (efficiency)

3. Institutional & Political Feasibility

121Climate Change is a global problem; however, institutions exist primarily on a national level. Taxes are levied, 
governments are elected and have a single head of government; nations go to war; all on a national level. A single 
policy is adopted precisely because there is one voice, albeit one that responds to advice. There is no such 
government at an international level. There is no coercive body equivalent to the police force or army; international 
law can only legally be enforced with the will of the UN security council, and only de facto by the armies of the 
members of such a council. The whole of the modern order, from the treaty of Westphalia through the UN charter 
and to the present day has been based on the sovereignty of the nation state.



Environmental Effectiveness
Environmental effectiveness is defined as “the extent to which a policy meets its intended 
environmental objective or realizes positive environmental outcomes”. It is contingent on policy 
design, implementation, participation, stringency and compliance. Environmental effectiveness is 
reduced if there is less than global participation due to free rider problems (some countries do not 
take action to reduce their emissions) and carbon leakage (emissions reductions in some countries 
may be compensated  for by increases in other countries). 

Free Rider Problems
Basic arithmetic suggests that to reduce global emissions to a level needed to stabilize greenhouse 
gas concentrations requires the participation of the top two emitters, China and the USA, and from 
the vast majority of the 17 countries122 that produce three quarters of global emissions. However, 
developing countries' participation is recognized to be difficult to achieve without developed 
countries' leadership.

Typical analyses suggest that actions to mitigate climate change have a cost to private agents 
(individuals, companies) but an aggregate global gain from cooperation (Stern 2006; c.f. IPCC 
2007, Weitzman 2008). Emissions reductions require private energy choices that are more 
expensive in the short run; whereas the impact of those emissions in terms of future environmental 
damage is global. An archetypal game form illustrating this 'collective action problem' where agents 
acting in their own self interest can lead to a collectively sub-optimal solution is called the 
“prisoners' dilemma”.

Collective action problems with a large number of agents using a depletable collective resource are 
often called a 'Tragedy of the Commons' after Hardin (Hardin 1968)). Game theoretic analysis 
suggests that such problems are extremely difficult to resolve. Two traditional remedies are a state 
with enforcement powers ('mutual coercion mutually agreed upon') or the creation of private 
property rights over the commons. Such solutions are difficult to implement directly in the case of 
greenhouse gas emissions. Existing global institutions have few enforcement powers, with 
sovereignty primarily existing at the level of the nation state (U.N. 1945) 123. Approaches involving 
property rights are more easily implemented the further 'upstream' in the carbon extraction process 
(Tickell 2008). The degradation of natural carbon stores such as forests present particular 
challenges. Ostrom (1991) has analysed historical examples of successful local management of 
common pool resources (CPR) finding other models apart from privatization and the state. One 
important example is when agents agree on a mechanism to enforce contracts and agreement in 
advance of their decision over the use of the common pool resource.

Engel and Saleska (2005) suggest that the climate game might be better modelled as a small number 
of strategically interacting agents, rather than a commons with an infinite number of agents. The 
authors do agree that an international framework “is almost certainly necessary for achieving 
optimal solutions to a global commons problem such as climate change” but also suggest that sub-
global action is justified too. They suggest that the question as to whether sub-global solutions are 
optimal is too simplistic, arguing that “a half-full glass may be better than none at all”. They 
investigate real action and find that in some cases (e.g. UK, Germany) the action taken is greater 
than would appear nationally justified. Pereau and Tazdait (2001) provide some supporting evidence 
by investigating the link between group cooperation and unilateral commitment. Some countries 
may decide to commit unilaterally: absence of international agreement does not mean global 

122Australia, Brazil, Canada, China, the European Union, France, Germany, India, Indonesia, Italy, Japan, Korea, 
Mexico, Russia, South Africa, Britain, and the United States. Source: IPS http://tinyurl.com/o69nh9  

123Partial exceptions may include the World Trade Organisation: see later in this document.

http://tinyurl.com/o69nh9


defection. Insiders of the coalition create an incentive for non-members to commit, without global 
coordination of emissions. Buchner and Carraro (2005) review work on game theory of coalition 
formation, concluding that coalitions are likely. The climate regime which is 'least opposed' is one 
where US and China cooperate.

“Despite these differences, at least two conclusions are common to all the aforementioned 
game-theory contributions. First, if countries can freely decide whether or not to cooperate,  
they usually divide themselves into two groups: a group of countries cooperate, whereas 
others free-ride. Secondly, at the equilibrium, the group of cooperators is split into several 
subgroups of cooperating countries, namely several coalitions form. These coalitions play 
non cooperatively against each other and against the free-riders.”

Unfortunately, although some decentralized action is likely according to such a game theoretic 
model, that action appears nevertheless to be rather limited (IPCC 2007b, p.p774) 124.

Carbon Leakage
As defined by AR4 (ibid., 665) “Carbon leakage is the increase in CO2 emissions for those countries 
outside the ones that are reducing emissions.” Kuik and Gerlagh (2003) conclude that the main 
problem with leakage is a reduction in world energy prices. As stated in the IPCC report (2007b, 
p.p665) “a decrease in global fossil fuel demand and resulting lower fossil fuel prices may lead to 
increased fossil fuel consumption in non-mitigating countries”. Stoft (2008) provides an interesting 
and accessible discussion.

An increase in local fossil fuel prices resulting from mitigation action could also lead to reallocation 
of production to regions where prices are lower. Palstev et al (2003) use static global-equilibrium 
model GTAP-EG to determine leakage effects of the  Kyoto Protocol. They report a leakage rate of 
10.5%, with a range of 5-15%, with chemicals and steel sectors being the most significant sectors, 
and the leakage from EU to China constituting over 10% of total leakage. It is found that leakage 
depends on the carbon cost, with a greater carbon price leading to higher carbon leakage. This is a 
problem for those who advocate a high carbon price.

Since the IPCC Third Assessment Report, the literature has expanded to include effects of trade 
liberalization and increasing returns to scale. Reinaud (2005) concludes that with free allocation of 
CO2 allowances, any leakage would be considerably lower than projected without this free 
allocation.

Offsets
The Kyoto protocol contains not only areas where emissions are capped but also the use of 'flexible 
mechanisms' such as the 'Clean Developing Mechanism' (CDM), which allow developed countries 
to claim a reduction for their target, in exchange for a certified reduction in the developing world 
relative to an agreed baseline. International carbon offsets were proposed as a mechanism to 
reconcile equity with efficiency (Swisher & Masters 1992) and have been widely implemented. 
Disadvantages of such schemes involve questions of additionality and verifiability (IPCC 2007b) 
and perverse incentives (Stoft 2008), leading to questions about the scheme's effectiveness.

124“Much of the literature on game theory suggests that the conditions necessary for achieving large-scale stable 
coalitions mean that relatively modest emissions reductions will be achieved (e.g. Carraro and Siniscalco, 1993; 
Hoel and Schneider, 1997). Cooperative game theory emphasizes the prospect of building stable coalitions if a 
transfer scheme (e.g. by emissions trading) can allocate the gains from cooperation in proportion to the benefits  
from reduced climate impacts (e.g. Chander and Tulkens, 1995; Germain et al., 1998; Germain et al., 2003).  
Eykmans and Finus (2003) note that much of the literature focuses on a ‘grand (all party) coalition, analyses  
stability in terms of the aggregate payoff to coalitions and rests on very strong assumptions about implicit  
punishment of any free-riding countries.’ A more extensive discussion of the issues of free-riding is contained in 
Chapter 10 of the TAR.”. These issues are discussed further under 'international feasibility'.



Cost Effectiveness
Baseline Results
The Fourth Assessment Report Working Group Three of the Intergovernmental Panel on Climate 
Change (IPCC 2007, Chapter 11, p632) outlines an analysis of the carbon prices required and the 
macroeconomic costs and benefits of reducing greenhouse gas emissions. The IPCC suggest that the 
economic potential in 2030 is in the range 16-32GtCO2e at a carbon price of $100/tCO2 (relative 
Scenario a SRES A1B baseline, of 68GtCO2eq/yr in 2003; a carbon price of $100/tCO2 would 
reduce emissions to 42-36GtCO2e).

The Effect of Policy and Other Assumptions: The main conclusions from the third assessment 
report are summarized as follows: “The main conclusions from the TAR on the macro-economic 
costs of mitigation can be summarized as follows. Mitigation costs can be substantially reduced 
through a portfolio of policy instruments, including those that help to overcome barriers, with 
emissions trading in particular expected to reduce the costs.” In particular Barker et al., 
(2006)“emphasizes that the uncertainty in costs estimates comes from both policy and modelling 
approaches as well as the baseline adopted. Uncertainty about policy is associated with the design 
of the abatement policies and measures (flexibility over countries, greenhouse gases and time) and 
with the use of carbon taxes or auctioned CO2 permits to provide the opportunity for beneficial 
reforms of the tax system or incentives for low-carbon innovation.”

The economic cost of achieving a given reduction is reduced by international cooperation to 
equalize the price across jurisdictions.

Advantages of One Price
Policy frameworks which equalize prices across countries (such as harmonized taxes or 
international emissions trading) are widely found to be more cost-effective than those which do not. 
The studies typically find that emissions trading halves the macroeconomic costs of the Kyoto 
treaty, with reductions in GDP of about 0.2% to 2% without emissions trading and 0.1% to 1.1% 
with emissions trading (Metz 2001, p.p10). Capros and Mantzos (2000, p.p8; IPCC 2007b, p.p641) 
show that international carbon trading can reduce compliance costs from $20bn to $4.7-7.2bn and 
bring down the marginal abatement cost from $54/tCO2 to $17-$45 (where ranges depend on the 
scope of trading across sectors and world regions).

There may, however, be significant game theoretic disadvantages of emissions trading in particular.  
The (future) tradeable value of permits may provide a perverse incentives for less stringent 
commitments from nations in the first place. The future value of permits could be extremely high in 
the case of stringent targets, so  national 'rent seeking' could lead to each nation seeking more 
permits, leading to a collective action problem which would purely be an artefact of negotiation 
design. This design flaw exists if (like Kyoto?) national targets are determined flexibly by 
negotiation. It could prevent nations adopting stringent targets in negotiations (assuming that they 
are enforceable). These issues are avoided if goals are enforceable and either:

• a principle or formula for allocating emissions is defined and agreed upon separately,  
preferably before the global cap is  agreed; or 

• an alternative approach to international emissions trading is adopted.

Spillover Effects 
Spillovers are effects that mitigation in one country or group of countries has on other countries or 
groups of countries. International spillovers include effects on sustainable development, impact on 
competitiveness, an effect on energy prices and diffusion of new technology. Some, using general 
equilibrium models, argue that spillovers can make mitigation action ineffective or worse if 



confined to Annex One (developed) countries. Examples of spillover effects include technological 
change. However, “no global models can adequately determine the global diffusion of technological 
change.” There are some drawbacks in common modelling approaches: “Many models focus on 
substitution effects and ignore information, policy and political spillovers as well as the induced 
development and diffusion of technology.” (IPCC 2007b, p.p665)

The Role of International Action; Technology and Price Equalization?
Pizer (2006) asks three major questions, namely (1) “Is international agreement necessary?”; (2) 
“should we pursue international emissions trading?”; and (3) “how can domestic and international 
actions encourage long-term solutions to climate change?”. He finds that international agreement, 
while desirable, is not necessary: unilateral EU action is a counterexample to the idea that a global 
agreement is necessary for national action to take place.  In regard to international emissions trading 
“there are easier ways to equalize prices”, while concerns over equity and climate damage may 
argue against price equalization in the first place. He argues that international activities should focus 
on tying national policies to developing country energy investments, where the majority of 
inexpensive mitigation options exist (although he expresses possible reservations about the Clean 
Development Mechanism).

Summary: The Advantages of  A Global Regime
Barrett (2003) argues that a global regime “embracing full or nearly full participation” is needed if 
emissions are to be reduced significantly. Non-global regimes would suffer from free-riding 
problems, carbon leakage and lack of cost-effectiveness. Free riding is when some countries benefit 
from others' climate change mitigation, while themselves doing little. Carbon leakage is the 
phenomenon where carbon mitigation shuts down polluting industry in one country, only for the 
same goods to be produced in a non-compliant state without such stringent emissions reductions. 
Finally, cost-effectiveness is reduced in a sub-global deal because the countries that are reducing 
emissions may not have the cheapest options for doing so globally.

Similarly Poterba (1993) considers the mechanisms which could prevent damage from climate 
change, focusing particularly on the idea of carbon tax. The benefits of global cooperation are great. 
Most importantly, unilateral action is likely to be too small, because it may neglect the benefits of 
climate policy accruing to other countries (free riding); secondly, no single nation acting alone can 
stabilize greenhouse gas concentrations (lack of single strategic actor); thirdly polluters with high 
abatement costs may move to other places (carbon leakage). Empirical evidence suggests 
significant cost advantages of choosing multilateral over unilateral action (Burniaux et al. 1992).



Institutional & Political Feasibility125

Enforcement
One major criticism of the Kyoto protocol is the lack of an enforcement mechanism. The ability to 
sanction non-compliance is very limited; and nations in any case retain the ability to fail to ratify 
any new treaty. Such concerns can only intensify with more stringent targets and suggest some 
effort to create credible and significant enforcement mechanisms may be justified.

Sovereignty and Self-enforcing Agreements
Dasgupta (2001, p.p186) notes that in the absence of an international enforcement agency, treaties 
may need to be self enforcing: where it is in the interest of all who have signed the treaty to abide by 
it on the assumption that all others who have signed it will abide by it. Dasgupta refers to some of 
Barrett's earlier work (Barrett 1990; 1997; 1999) pointing out that self-enforcing treaties may 
involve some nations but not all. “Those who do not sign a treaty would in effect be free-riders but 
nonetheless it would pay the others to sign it. One should expect globally inclusive treaties to be 
agreed only if the number of countries is small. Seeking treaties involving two hundred nations 
could be a futile exercise.” Dasgupta continues: “Of course, if relative to the costs of curbing 
emissions, the perceived benefits are large, agreements can be reached amongst many more.” 
Barrett's work (regarding the level of commitment when there are repeated interactions) is broadly 
consistent with that of Carraro and Siniscalco (1998), and Hoel (e.g. Hoel & Schneider 1997) which 
model participation in treaties with the stress on whether countries should negotiate at all.  In the 
end, countries may cooperate if they see that to be the only way to avoid global catastrophe and 
their own perishing – but short-term considerations may often triumph.

Interaction of Climate Policy with Trade
In a dramatic set of results, Copeland and Taylor (2005) show that incorporation of  emissions 
trading may lead to a reassessment of some of the conventional wisdom regarding the advantages of 
globalism and emissions trading for a closed economy. In particular, unilateral emissions reductions 
by the rich north can create self-interested reductions by the poor south. Simple rules (such as 
constant reductions) for allocating reductions in emissions across countries may be efficient even if 
trading in permits is not allowed, and, further, trading in permits may make both participants worse 
off and increase global emissions.

Another important issue is the interaction with the World Trade Organization (WTO), which has 
enforcement action available to it. Doelle (2004) and Burns (2004) point out that non-ratification of 
the Kyoto Protocol could imply illegal subsidies to national industries under the WTO and pollution 
of the seas under UNCLOG

Coseby (2008) discusses whether there are agreements within the World Trade Organisation (WTO) 
that would further the objectives of the climate regime. He considers both trade measures taken at 
the national level (with agreed  rules of usage) and agreements at the multilateral level on trade 
rules (within the existing body of WTO law). The WTO is not a standards organisation, nor an 
environmental organisation; so it should not be used to determine environmental standards. One 
area of potential is in eliminating fossil fuel subsidies. The question as to whether cap and trade or 
carbon tax regimes should include a border adjustment is very active, both in the US and Europe. It 
would be difficult to get such measures through the WTO, but “anything is possible in a trade 
negotiation if you want it badly enough to pay for it”. Analogies between the climate regime and the 
highly successful Montreal Protocol on controlling ozone-depleting substances are difficult because 
the contexts are different and “the details matter a lot”. Developed countries need to act first if they 
are to achieve participation from developing countries (Zhang 2008).

125Including political, legal, and trade issues



Buchner and Carraro (2005) consider 'bottom up' approaches that do not rely on a global climate 
change framework agreement. They provide a game theoretic analysis of sub-global agreements. An 
analogy is with Regional Trade Agreements (RTAs) and the international trade regime. Regional 
agreements - for example standards - can go beyond what is possible multinationally. After having 
considered the economic and political/legal aspects, Barrett (2003) suggests a R&D protocol and a 
standards protocol: the R&D protocol to invest in and scale up low carbon technologies; the 
standards protocol to promote excellent environmental results. Standards provide a natural strategic 
advantage within WTO rules.
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THE STRUCTURE OF CLIMATE CHANGE AGREEMENTS AND 
THE NATIONAL BENEFITS OF TACKLING CLIMATE 

CHANGE 126

The incentives of nation states to participate in international agreements to reduce greenhouse 
gas emissions depend on the structure of the proposed agreements. Emissions trading may 
make the collective action problem of climate change worse because it produces a perverse 
incentive to commit to less in the original negotiations, due to the value of emissions permits to 
nation states.

The Kyoto protocol (and possibly the upcoming Copenhagen treaty) impose national targets for 
future greenhouse gas emissions coupled with emissions trading. Emissions trading, however, 
implies that the right to emit has tradeable value, which alters the incentives to commit to 
reductions in the original negotiations. The value of permits therefore provides an incentive for 
individual nation-states to commit to less stringent targets; because they will wish to grant 
themselves more permits. These problems are potentially made worse if some parts of the world are 
allowed to participate without a cap. This result is extended to the notion of a positive global 
institution, as a set of rules which changes agents' incentives to participate and make it more likely 
that a cooperative outcome is attained. Coordinated taxes with a voting system are a global 
institution in a sense that quantitative targets with international emissions trading are not. 
We consider the national costs and benefits of tackling climate change. Finally we develop an 
additional conservative design criteria for policy formulation –  treaty structures should minimize 
the transfer of rents relative to the status quo ex ante – incentive effects can be separated from 
income and endowment effects.

126Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010



Introduction
Discussions of climate change policy often assume that there is a 'collective action problem' (see 
e.g. Talbott)' 127 associated with a global public good such as the atmosphere, often referred to as a 
'tragedy of the commons' (Hardin 1968; Grasso 2004). This paper analyses such a problem and 
argues in fact that there may be two, closely related, but separate, problems. 

• Firstly there may be a collective action problem128 associated with the costs of greenhouse 
gas abatement to individual nations.

• Secondly, there may be a collective action problem129 associated with the structure of the 
institutions we use for solving the problem. 

Often it is assumed that the two problems are the same; the 'burden' is the reduction in emissions 
and we might allocate this in various ways by 'burden sharing'. 

It may be that the macroeconomic costs of optimal real policy changes to reduce greenhouse gas 
emissions are positive at the margin, but that the structure of proposed international agreements is 
such that, at the margin the overwhelming incentive is to negotiate for more permits and therefore 
fewer emissions reductions.

Why Analyse at the National Level?
National interest is argued to be an appropriate concept for understanding the climate change 
negotiation game. Nation-states are the key actors involved in taking policy positions to reduce 
emissions. Most decisions are taken at the national level. The decision over how to set up a tax 
system; the decision over whether to participate in international agreements; all these decisions are 
taken at the national level. The primacy of national sovereignty is emphasized (with a few 
exceptions such as the European Union) in international law; from the treaty of Westphalia to the 
United Nations founding charter.130

That is not to say that the national interest is a straightforward thing to define. Different parts of the 
world will have different perceived interests, according to their state of development. In this 
document, I will simplify by considering each state to be an actor which maximises its' long term 
wealth. A country will act in its own interest.

127(Talbott): A Collective Action Problem is defined as “A situation in which everyone (in a given group) has a choice 
between two alternatives and where, if everyone involved chooses the alternative act that is Individualistically 
Rational (IR), the outcome will be worse for everyone involved, in their own estimation, than it would be if they 
were all to choose the other alternative (i.e., than it would be if they were all to choose the alternative that is not 
IR).”; 

For an agent to behave Individualistically Rationally (IR) is “To Maximize One's Expected Return (Total Expected 
Benefits Less Total Expected Costs). This sense of rationality is the twentieth-century development of the concept of 
Instrumental Rationality. It is the notion of rationality that is employed in economics. (Note that to be 
Individualistically Rational does not require that one be an egoist.)”

128Or a “natural tragedy” - i.e. a collective action problem that is unavoidable; assuming that the structure of agents 
and coercive agents is fixed but the structure of policy is not.

129Or an “unnatural tragedy” - a collective action problem which is purely an artefact of the structure of the institutions 
used to solve the problem.

130On the other hand, it is not clear that modern states are especially simple. The following alternative aspects could be 
outlined 
• Nation State -- National-Hobbesian (Hobbesian National Interest) 
• Voters -- Democratic (Democratic/Public Choice Theory) 
• Companies -- Interest group theory (Marxist Theory)
• Institutional Interests - Church
• Speaking rational community (Aristotle: representative element, integrative element)



Why Game Theory?
In this paper, I will analyse the incentives of international agents according to game theory.
Game theory describes the behaviour of agents under two conditions:
a) the behaviour of agents is completely described by some pay-off function which the agents are 
expected to strictly target
b) the pay-off of an agent is not only determined by that agent's own choices, but also the choices 
of other agents.

A collective action problem is a situation where the incentives of individual actors differ from the 
average interests of all. It is argued that there is such a collective action problem with regard to 
international agreements to reduce greenhouse gas emissions. There is an incentive to free-ride on 
the actions of others in regard to international action. One nation can desist from reducing its 
emissions while others do so. If everyone does this the net result is that few or no reductions take 
place.

A Game Theoretic Model of Emissions Trading and Harmonized Taxes
In this section we set out the incentives for a country to engage in various emissions reduction 
treaties. The pay-off for a country for emissions trading and for harmonized taxes are outlined.

Emissions Trading
Country: i

Permits to emit: Ri 

Emissions: Ei

Price of permits P(Ri,Ei)

Net international payments: Ri – Ei P

Cost of emissions target: C(Ei)

Climate Damage: Di = D(ΣEi)/n

Net Benefit: C(Ei) – D(ΣEi)/n + Ri – Ei P

1: Negotiation Stage: Choose Ri

2: Implementation: Choose Ei

Harmonized Taxes 

Country: i

Tax Rate: T

Emissions: Ei(T)
International payments: 0

Cost of emissions target: C(Ei)

Climate Damage Di = D(E(T))/n

National Benefit: C(E/n) – D(E(T))/n

1: Negotiation Stage: Choose Ri

2: Implementation: Choose Ei

Sharing of a variable-sized pie
Unfortunately, direct or indirect discussion of quotas actually distracts from the problem itself and 
instead focuses attentions on the size of each participant’s slice of the pie. Each wants a larger slice, 
and the net result is that the pie itself gets bigger, a disastrous outcome for the planet as a whole. 

Is there a natural tragedy? Evidence for Positive Benefits from Climate Policy
Some economic evidence suggests that a stable carbon tax might encourage economic growth rather 
than the reverse. A carbon tax is essentially a consumption tax, which has many positive economic 
benefits related to promoting economic growth. So quantitative reductions may have and be seen to 
have negative value for each nation and yet a policy to achieve the same goal (among other things) 
may have a positive value.

Towards a New Criterion



Climate change agreements are often analysed according to three criteria: effectiveness, efficiency, 
and equity. When applied to climate change, widely understood to be caused by the industrialized 
north and largely affecting the poor south, it could be argued that in regard to equity, the importance 
of a high level of political feasibility and environmental effectiveness trumps the direct short term 
financial implications of climate change policy. 

Here, I argue for a new way of thinking about equity and political feasibility: a climate change 
policy should be as near as possible a neutral change in the interests of agents. It is possible to 
separate the interests of agents in participating in an agreement from the marginal incentives of 
agents to change their behaviour once within an agreement, by appropriate lump sum payments.

Is there any way that emissions trading could work?
The simplest solution to the dilemma is to replace emissions trading with coordinated taxes. 
Another solution is a multi-stage negotiation process, where a framework for deciding upon the 
allocation of permits is considered. 

1. Enforcement
2. Framework for the Allocation of Permits
3. Global Target

In this way, the global incentives of harmonized taxes are replicated, ensuring that 'permit seeking' 
does not make the agreement useless.



National Costs and Benefits Of Mitigation Climate Change
What are the national macroeconomic benefits and costs of tackling climate change?     
The macroeconomic benefits and costs of climate change are the changes in (global or national) 
income as a result of climate change policy. Macroeconomic costs measure the overall change in the 
economy. Here we focus on the national level (changes in National Income). Estimates of changes 
in global product are available in the literature (Stern 2006).
Macroeconomic costs is a larger concept, to be distinguished from the investment required to tackle 
climate change (how much money has to be invested now), or the energy system cost of so doing 
(the net change in expenditures for the whole energy system). Macroeconomic cost includes the 
changes in income (GDP) for the whole economy.131

What do macroeconomic costs depend upon?
Climate Change policy usually involves a price of carbon: such as carbon taxation or emissions 
trading. These carbon pricing schemes collect revenue for the government which levies the tax, 
revenues which can be spent to reduce other taxes.132 

The Economic Benefits from Climate Policy
Capture of Fossil Fuel Scarcity Rent (otherwise taken by cartel members/owners of resource) & 
Long-term Security of Supply (when fossil fuels are imported).

Displacement of Taxation with higher deadweight costs and thus increased economic output,
Environmental Co-benefits (e.g. low greenhouse gas technologies also have low levels of other 
pollution, electric cars produce lower levels of noise). (Although wind turbines are noisy).

Conservation of indigenous resources which may have alternative or future uses (when fossil 
fuels are indigenously produced).

Learning by Doing. Arrow (1962) points out that a quantitative understanding of the major factors 
in economic growth leads to the conclusion that technological change is of fundamental quantitative 
importance. While technological learning is usually a global phenomenon, for less mature 
technologies (e.g. wave power) learning may provide a significant local benefit.

Climate Benefits. For a large country such as China, the direct climate benefits of Chinese action 
on China itself may be significant. Even smaller countries might have a global influence if they can 
'show the way'.

131Measures of income such (GDP) can be criticised because they do not distinguish between productive and 
unproductive use of resources. Some have suggested (e.g. Dasgupta 2001) that, rather than GDP change, we should 
actually look at changes in wealth (including natural wealth). By this criterion, climate change policy will also cause 
an increase in wealth, since replacements for fossil fuels tend to require physical assets. Financial wealth will of 
course depend on financial assets, but these are likely to be increased too, depending on the response of other parts 
of the economy.

132The revenue from either a tax or permit scheme could be used for other purposes of course, such as bribing the 
incumbents to accept the scheme, often known as 'grandfathering' of permits.
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AN 'ENERGY REFUND' FOR A 'CLIMATE CLUB' 133

Practical proposals for refunded, complete, coordinated carbon taxes are outlined.

The `Energy Refund' is a levy of $200/tCO2
e imposed immediately by countries (or trading blocs) 

that are members of a `Climate Club' on any fossil fuels or other goods that typically produce 
greenhouse gases; plus goods that have already produced greenhouse gases in their manufacture or 
transportation in countries (or international space) not in the club. The revenues generated would be 
refunded to taxpayers, business and local resource owners as contracts to develop low-carbon 
electricity generation The purpose of the refund is to prevent large rises in the world market price of 
oil and other fossil fuels, over the next few years, and to accelerate the fight against climate change. 
It is envisaged that the `Climate Club' would include the majority of the Western (OECD) nations, 
with the optional addition of India and China 134 135 

133Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010
134Similar proposals have been outlined before, for example the `Refunded Emission Tax' proposed by Johnson 

(2007b; 2007a) and the `Untax' proposed by Stoft (2008).
135This paper elaborates on a suggestion made by Barker (2008) `It would greatly help to establish simultaneously 

[with fixed exchange rates] other global prices as signals to support accelerated decarbonization of the global 
economy, namely the carbon price and the prices of the main fossil fuels. This involves recognizing existing and 
instituting new cartels, but it will encourage consuming countries to compete for carbon rents by raising carbon 
taxes and tightening their targets in trading schemes. It could also be extended to encourage the supplying countries 
to lock undeveloped fossil resources into the ground, preserve existing forests, and develop new ones. .' 



Background

Fossil Fuel Prices
Between 2000 and 2007, oil prices rose steadily, from $10/bbl in 2000 to $60/bbl in 2006 and to 
$150/bbl in 2007 (IEA 2009). Gas and coal prices have also risen significantly in this period. Fossil 
fuel prices fell back during the early part of the recession but are now increasing again (Fig. 1). 

Figure 1: Oil Prices since 1985 (IEA 2009)

The supply of oil is likely to be constrained relative to demand in the near term due to inherent 
resource limitations (IEA 2008) and the increasing concentration of remaining resources (and 
therefore market power) in the hands of the National Oil Companies (NOCs) of the Organization of 
Petroleum Exporting Countries (OPEC). It therefore must be considered likely that the price of oil 
will rise from the current level of around $65 per barrel of oil (/bbl) to over $100/bbl and then on to 
the levels seen in 2007 (around $150/bbl). An increase of $85/bbl (from $65/bbl to $150/bbl) is 
equivalent to a Carbon price of $200/tCO2 (EPA 2009). 

Inflation Outlook
The threat of falling prices during the global recession of 2008-9 has only been assuaged by highly 
interventionist government support. A low or negative inflation rate has serious dangers. Deflation, 
in a society with high debts, threatens to create a debt-deflationary spiral (Fisher 1933), where 
falling prices increase the real value of debt, further depressing demand and reducing prices further. 

Central banks can influence the real economy through the real interest rate, which is equal to the 
bank base rate minus the inflation rate136. The main macroeconomic policy tool is the central bank 
base rate137.
A lower inflation rate will, for a given nominal base rate, increasing the real interest rate. Normally, 
the nominal interest rate would be adjusted accordingly so this is not important, but in cases of 
depression, the interest rate may be near, or at, the lower bound of zero. Interest rates cannot fall 

136In this case, the GDP deflator, which includes the price changes according to the whole economy. 
137The particular rate of interest targeted by a central bank (the base rate) varies by jurisdiction. The Federal Funds 

Rate (US), the target base rate in the United States, is the rate at which banks are charged to lend balances at the 
Federal Reserve to one another. The Official bank rate (UK) is the interest rate that the Bank of England charges 
Banks for secured overnight lending from the Bank. In practice all of these interest rates are approximately the 
minimum rate of interest charged on the short term (e.g. overnight) lending between essentially credit-risk-free 
institutions). 



below zero, because people would store bank notes at home rather than invest them in the bank. For 
example it has been estimated that the ideal interest rate in the United States in early 2009 would be 
minus 5% (Guha 2009). The increasing ineffectiveness of macroeconomic policy when interest 
rates approach zero is known as the Liquidity Trap. 

Governments can engage in alternative activities to stimulate demand (e.g. quantitative easing, a 
form of monetary creation, and increased government spending (transfer payments, consumption 
and investment) funded through borrowing. Such measures risk stoking inflation in the medium 
term Carbon price provide an alternative method.

What is the Energy Refund?
The Energy Refund is a levy on the importation and extraction of fossil fuels according to carbon 
content which is then refunded to citizens, business and resource owners as valuable incentives to 
develop low-carbon sources of energy.

What Level Should The Energy Refund Be Set At?
I suggest a level of $200/tCO2

e. This can be compared to the level of tax needed to encourage 
the following technologies:

• Coal with Carbon Capture and Storage: $85-130/tCO2
e for new demonstration plants and 

$40-60/tCO2
e in 2030 for commercialized plants138 5 

• Concentrated Solar Power: $115/tCO2
e (Staley et al. 2009)

• Capture and Storage of Carbon Dioxide from Thin Air: > $140/tCO2
e  1396 (Keith et al. 2006)

Since recent evidence suggests that we will need to draw down carbon dioxide from the 
atmosphere, now, or at some point in the future (Hansen et al. 2008) charging for CO2 at a price 
higher than that needed to support backstop technologies, which may be enough to draw down CO2 
from the air. 

What Is The Coverage Of The Scheme?
The scheme will cover all energy-related, agricultural and industrial emissions of greenhouse gases 
associated with domestic emissions and foreign emissions associated with imports of all 
participating countries. There will be levy on fossil fuels at import or extraction, according to 
carbon content. There will also be an equivalent levy on other greenhouse gases such  as those 
arising from agriculture (methane from cows – levied on the sale of meat; Nitrous Oxide from 
fertilizers – levied on the sale of fertilizers), fossil fuel extraction (escaped methane – levied on 
mines, wells or pipelines), and industrial gases (levied on their intended or unintended 
manufacture). Any products that could decompose or accidentally release carbon should be taxed 
appropriately. 

At What Point Is The Levy Charged?
The tariff could be charged at the point of entry of coal, oil or gas into a member of the Climate 
Club. The money could either go to the country at which fossil fuels are imported; or it could be 
that the money is used to centrally fund the EU; to replace the funding by the nation states. 

138Nauclér et al. (2008) suggest €60-90/tCO2e for new demonstration plants and €30-45/tCO2e in 2030 for existing 
plants. Exchange rate used: €1=$1.4 

139$500/tC (Keith et al. 2006); 1/tC = 0.27/tCO2 



Wherever fossil fuel is imported, the tax incidence will end up with the end-consumer - in other 
words, the scheme from the point of view of incidence is equivalent to cap-and-trade, but easier to 
administer.

Who Gets The Refund?
Both the political viability and economic efficiency of this scheme depends substantially on the use 
of the revenues; but political viability and economic efficiency often pull in opposite directions! I 
propose that the  refund will be rebated to taxpayers, businesses and owners of natural resources 
within participating countries. 

Johnson (2007a; 2007b) sets out a strong case for taxes  that are refunded to the emitter according 
to historical emissions, in a similar way that emissions trading permits are often given away 
(`grandfathered') to existing polluters. Revenue neutrality within the sector is maintained. 

However, it should be noted that behind the existing practice of `grandfathering' there may be a 
naive theory of tax incidence;  namely the `Flypaper Theory' of tax incidence (the incidence of the 
tax is the same as that entity on which it is levied). The economic incidence of a tax is not the same 
as the legal incidence (those on which the tax is levied (Entin 2004)). For example, a perfectly 
competitive electricity market would simply pass on the marginal cost of carbon permits to the 
consumers, whoever is given the permits or refund. 

This suggest a new criterion for refunds. Political actions should leave unchanged or increase the 
valuation of assets of key actors. The relevant `losers' are infrastructure owners and resource 
owners. Carbon resource owners could be compensated by an endowment fund; infrastructure 
owners by first bite on scarce subsidies to construct alternatives to the infrastructure retired. 
It also should be noted that interest groups generally have short-term horizons, whereas the 
common interest is long-term. In the short term, rebates will be paid to companies, resource owners, 
and to individuals; in the longer term, as alternatives to fossil fuels are developed, the revenues 
would be used to pay off the national debt. 



Interaction With Existing Cap-and-Trade Schemes

The Energy Refund is complementary to long term greenhouse gas reduction targets or schemes; 
and supplements cap and trade schemes. It should be noted  that fixed-price (this scheme; Carbon 
Taxes) and fixed-quantity schemes (cap-and-trade) are not inconsistent with one another; and are 
not necessarily mutually exclusive. If both this scheme and a cap-and-trade scheme are 
implemented, the combination is a system that puts a floor on both prices and quantities; and 
therefore combines the best elements of both. The combined carbon price could therefore include 
both the carbon levy/tax and the price of permits. 

Figure 2: Levy plus Cap-and-Trade: Quantity Constrained.

Figure 3: Levy plus Cap-and-Trade: Price Constrained
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The Energy Refund provides the price certainty needed by investors in technologies such as carbon 
capture and storage and solar energy (needing carbon prices of $100/tCO2), whilst not `picking-
winners'. 
The advantages of this proposed policy scheme are gains to Organization of Economic Cooperation 
and Development (OECD)  taxpayers, especially if the levy displaces fossil fuel rent that would go 
to oil-rich countries. It would prevent an rise in the global price of oil of a similar magnitude in the 
near future which would be damaging to the economic interests of the West. If the tax is perfectly 
harmonized across the world, we approximate that the levy would prevent an equivalent amount of 
oil consumption, and therefore provide a net benefit to OECD companies, domestic resource 
owners and individuals of $42-$85/bbl, or around $1000 per citizen. There may also be a case for 
increases in carbon prices now, preventing deflation now and preventing the future inflation 
associated with a rise in fossil fuel prices.

Who Joins The Club?
The energy refund is coordinated (ideally at the same level) across countries, such that they all have 
a common carbon tariff for the import of carbon-based fuels. Participation in this `Climate Club' is 
optional. The members of the club (for example, in the first instance, the EU and US and other 
members of the OECD) would impose a common external tariff on such goods. The carbon price is 
proposed to be enough to solve climate change once and for all", around $200/tCO2 . 

What About Countries Who Do Not Participate?
Two things are charged on import: fossil fuel, and embodied energy. For imports and exports to 
those countries not participating in the scheme, border adjustments are made. A levy at an 
equivalent level is also placed on imported goods and services, according to the estimated total 
greenhouse gas produced in their manufacture and transportation (a so called `border tax 
adjustment'). The unified levy excludes the case of explicit or implicit subsidies. Fossil fuel border 
tax adjustment would ensure that all consumption-based emissions are accounted for. See (Helm et 
al. 2007) for a demonstration of the importance of the emissions embodied in imports and 
international travel for the UK. 

Major Technical Issues
There are major technical issues associated with this proposals: 

1. How to measure the carbon levy in different countries; Nordhaus (2007) discusses the 
measurement issue when proposing harmonized carbon taxes. 

2. How to determine the border tax adjustments for 'embodied carbon', ensuring legality? This 
has been dealt with extensively elsewhere (Ismer & Neuhoff 2007).

3. How to enforce price based agreements? One option is so called options for difference on 
the carbon price (Ismer & Neuhoff 2006).

Major Criticisms of Price-based Approach
Stern (2009) suggests three major criticisms of a tax-based system: First they "do not give much 
certainty on how big the resulting reductions will be"; Second "taxes are very hard to coordinate 
internationally"; third "electorates are mistrustful of governments' use of tax revenue". 

Regarding the first criticism, obviously, for a given carbon price, whichever instrument has the 
higher price would reduce emissions the most. There are some reasons, relating to investment 
incentives, to suggest thatan emissions trading scheme is likely to lead to higher volatility, and 
therefore higher carbon prices, for a given level of stringency than a tax-based system. 



Regarding the second criticism; measurement is certainly an issue for tax-based systems; but 
countries have coordinated external tariffs before. 
The third criticism (use of revenues) is a problem for both cap-and-trade and for carbon taxes; and 
is a question of how a policy is framed. Governments desperately need revenues in the medium 
term. 
Hamilton (2009) criticizes Nordhaus on grounds of ethics. He suggests that a tax-based system 
"discards fairness". This is a serious concern. However, it should be mentioned that membership of 
the Climate Club is optional; and fulfils the principle that, for countries not in the club, emissions 
from embodied carbon are the responsibility of the importing nation and not the exporting one. 

Much of the rest of Hamilton's article is an attack on Nordhaus's economic models and economic 
philosophy; and therefore is not relevant. Hamilton clearly thinks that more stringent emissions 
reductions are required; and this proposal aims to fulfil this objective. 

Summary: The Case For A Climate Club
1. When the  global economy was doing well the oil price shot up to $150/bbl. Part of that 

price rise was speculative, but lots of it was the constraint on supply and high demand. 
2. When the global economy starts to `grow' again we'll eventually (probably quite soon) be 

back at a similar price, because supply is constrained. This would amount to a `scarcity rent' 
of about $100/bbl going from Oil Importing Countries (US, EU etc.) to Oil Exporting 
Countries (the cheapest oil costs $2/bbl to produce). 

3. This is a) unfair (unearned income, from economic rent of natural opportunities - what have 
they done to deserve this) and b) bad for the oil consumer's interests and c) bad for the 
environment, because it encourages companies to look for new, often dirtier, forms of oil. 

4. A coordinated external tariff duty (framed as a `tariff' for internal EU/US consumption and 
as a neutral `externality tax' for the purposes of WTO rules) can manage down the global 
price of oil and provide an alternative. 

5. Embodied energy needs to be accounted for in Western emissions policy. Much of the 
emissions from consumption behaviour take place in other countries (e.g. imported TVs 
from China). 

6. The charging for embodied energy gives a huge incentive to join the scheme. because, 
potentially, carbon could be charged upstream (and accrue to the producing country) 

7. So the Climate Club can set rigorous terms for joining the club. 



Appendix 1: Frequently Asked Questions (Draft Only)

How Would The Club Enforce Agreements?
The Climate Club enforces its agreements with contracts; it is possible for one country to impose a 
different carbon price at the border, but it would have to compensate the other members of the club 
with a certain cost if it were to do this. 

How Would We Calculate Embodied Carbon For Imports From Outside 
The Club?
One simple way is to calculate overall emissions per unit GDP and count the value of imports; or 
emissions per weight and count the weight. In addition exports should be exempted from the levy 
to avoid a competitive disadvantage. A discussion of border taxes is available (Ismer & Neuhoff 
2007)

Are There Any Trade Concerns?
This scheme is equivalent to a neutral carbon tax where imports and domestic production are 
charged equivalently. As environmental damage is a real cost; not charging for emissions might 
constitute an unfair subsidy. Recent report from the WTO suggests that border tax adjustments are 
allowable under WTO rules (Harvey 2009; Tamiotti et al. 2009). 

What About Agriculture?
N2O from fertilizers and Methane emissions from cattle should face an equivalent levy according to 
their relative contributions to climate change (GWP100). This levy should be imposed upstream, on 
the manufacture of fertilizer, and as a `grazing license'. 

What About Land Use Change?
Changes in forests and other natural sinks is outside the Club's scope. Nevertheless, revenues could 
be refunded to those with standing carbon (Joslin 2009). 

Appendix 2: Other Policy Ideas
• Minimum tax on coal for electricity generation. 
• Minimum fossil fuel import tax; minimum fossil fuel extraction tax. 
• Guarantee the carbon price / energy tax into the future in order to de-link current behaviour 

(which causes a political backlash) with investment behaviour. 
• The current proposals keep all of the funds within the country that imposes the levy. In 

addition there could be a small International Carbon Tax to fund the United Nations 
• To prevent a voter backlash, we could allow "grandfathering" (e.g. based on last year's 

consumption) for individual energy consumption. In that way nobody would lose in the short 
term.   Ha – that's what grandfathering is.!..
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PART FIVE: FINANCING THE FUTURE
Part Five sets out how to finance the transition to a zero carbon society:

• First, the general use of financial derivatives on the price of electricity, fossil fuel or carbon 
is outlined.

• Second, specific proposals for guaranteed electricity prices are outlined

• Third, proposals for the built environment are outlined: specifically carbon taxes 
grandfathered to households.

• Finally, the general system of banking and the recent financial crisis are investigated. A new 
proposal for a 'good bank' is outlined.





CLIMATE POLICY – A NEW AGENDA FOR EFFECTIVE GLOBAL 
ACTION140

"Rules must be binding; Violations must be punished; Words must mean something." 
(Obama 2009)

New climate change policy structures are proposed that, it is suggested, would be politically 
feasible and more effective than the structures agreed at Kyoto & Copenhagen.

The negotiations which took place at Copenhagen at the fifteenth Conference of the Parties (COP-
15) of the United Nations Framework Convention on Climate Change (UNFCCC) aimed at the 
fundamental objective of the UNFCCC: to stabilize atmospheric greenhouse gas concentrations at 
non-dangerous levels. It is argued that the existing institutional tools at our disposal –  international 
treaties and in particular the Kyoto protocol – are insufficient to achieve this goal. Furthermore, the 
framework put in place at Kyoto suffers multiple and fundamental flaws which fatally undermine its 
effectiveness; any new treaty must have a structure which evades these flaws if it is to be effective. 
Treaties, legal structures, and other institutions more commensurate with the scale of the climate 
change  challenge  are  suggested  to  inform discussions  around  the  structure  of  a  future  climate 
agreement. An agenda for effective global action is outlined:

1. Strong  global  institutions  –  e.g.  a  world  environmental  agency –  including  an  agreed 
framework  (such as  coordinated carbon taxes)  for  collective policy,  to  replace  national 
commitments.

2. A framework action plan to eliminate carbon emissions sector-by-sector, region-by-region, 
over the next two to three decades. In particular a plan to develop, transfer and deploy the 
safe, responsible, and very large-scale use of enhanced energy efficiency, renewable-electric, 
nuclear, and carbon capture and storage energy technologies; and to encourage responsible 
land use and agriculture, including the sustainable use of water.

3. A  significant  ($100-$200/tCO2e),  sectorally  complete,  substantially  geographically  
complete, agreed,  and guaranteed minimum carbon price, levied  upstream at the  national  
level (including embodied carbon from any regions not otherwise carbon-constrained), with 
revenues used at national discretion. It is possible that a carbon tax may have net economic 
benefits at the national level if used to replace taxes with higher 'deadweight' costs. The 
removal of fossil fuel subsidies has already been agreed as part of the Kyoto protocol, but 
has not been fully implemented.

4. A plan to protect forests and other natural carbon stores.
5. A plan to keep high carbon fuels in the ground (following Hansen et al. 2008).
6. An enabling framework for enforceable state-corporation climate contracts (e.g. 

guaranteeing the carbon price for investors) (Ismer & Neuhoff 2006).
7. An enabling framework for the use of trade sanctions to enforce state-state climate 

commitments, such as border tax adjustments (Ismer & Neuhoff 2007).
8. Unimpeachable monitoring and verification of all commitments.
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Introduction

About COP-15
The fifteenth Conference of the Parties (COP-15) under the United Nations Framework Convention 
on Climate Change (UNFCCC) is took place Copenhagen between 7th and 18th December 2009. The 
UNFCCC was signed in 1992 at the Earth Summit at Rio, Brazil, and ratified by 192 countries 
worldwide. Its objective is as follows (U.N. 1992):

“The ultimate objective of this Convention and any related legal instruments that the 
Conference of the Parties may adopt, is to achieve, in accordance with the relevant  
provisions of the Convention, stabilization of greenhouse gas concentrations in the  
atmosphere at a level that would prevent dangerous anthropogenic interference with  
the climate system. Such a level should be achieved within a time-frame sufficient to  
allow ecosystems to adapt naturally to climate change, to ensure that food production  
is not threatened and to enable economic development to proceed in a sustainable 
manner.” 

There were two streams to the Copenhagen meeting: the Ad-Hoc Working Group on the Kyoto 
Protocol (AWG-KP), which aims to extend the Kyoto treaty and secondly, the Ad-Hoc Working 
Group on Long-Term Co-operative Action (AWG-LCA) – which aims to develop a successor treaty 
to Kyoto.

Overall, the main purpose of the negotiations is to agree upon targets for the reduction of emissions 
of carbon dioxide, and other greenhouse gases. Secondly, rich countries are proposed to provide a 
fund to aid climate change mitigation and adaptation in the developing world.

What Was At Stake?
Decisions made at the Copenhagen conference decisively influence whether the rise in global 
average temperature can be limited to two degrees Celsius above the pre-industrial level. 
Temperature rises above this level make it likely that the Greenland ice sheet would melt , and risk 
triggering severe positive feedbacks, such as the degradation of the tropical rainforests  (Fischlin et 
al. 2007) and the release of methane stored in permafrost and clathrates.
To have a likely chance of keeping temperature rises below the 2 degrees target, total cumulative 
emissions for the 21st Century need to be less than 1000 billion tonnes of carbon dioxide (M. 
Meinshausen et al. 2009). In the first decade of the century global emissions already amount to over 
a third of this cumulative budget, so less than 650 Gigatonnes of CO2 are left for the rest of the 21st 

Century, equivalent to reductions in emissions of the order of 10% per year, in the context of rapidly 
rising population and economic output (Anderson & Bows 2008).  On the pessimistic side, to 
constrain temperatures at all, concentrations of greenhouse gases must be stabilised at some level.  
Simple carbon cycle measurements (Solomon et al. 2007) suggest that emissions would need to fall 
to less than or of the order of 7 Gigatonnes of CO2 per year to achieve this. 



Existing Structure

Why The 'Kyoto' Approach Fails
The structures for climate change mitigation agreed at Kyoto were flawed in a number of different 
ways. The most obvious flaw was the lack of effectiveness – it is not clear that the Kyoto treaty has 
reduced emissions at all. There are three main reasons for this lack of effectiveness:

• Firstly, the treaty does not give binding commitments for all major emitters – in particular, 
the developing countries has no binding commitments and the United States signed but did 
not ratify the treaty.141

• Secondly, among the countries that implemented the agreement, many did not achieve the 
Kyoto targets. Little real action was noticeable – those who have achieved the targets (such 
as the UK and the former Soviet states) seemed to do so largely by accident rather than 
design.

• Thirdly,  the  targets,  although  binding  in  international  law,  included  no  enforcement 
mechanism, beyond a threat that future targets would be more stringent for those countries 
that failed to achieve the target. There are also the following problems with international 
treaties in general:
◦ Countries can in principle withdraw from treaties once signed, although this is rare.
◦ Treaties face significant barriers in the US congress, with two thirds of United States 

senators required for ratification.
The  Kyoto  approach  requires  national  emissions  targets,  negotiated  country-by-country.  It  is 
possible that emissions reductions, whilst key to the end goal, are a politically and psychologically 
negative way of 'framing' commitments. (In other words, if commitments are expressed in different, 
but likely equivalent, terms, the balance of perceived national benefits may be different, for a given 
level of expected stringency). Countries may not know if they are able to reduce emissions by a 
large amount. Fast developing countries such as China or India may wish to play safe, avoiding 
emissions  targets,  whereas  a  more  practical  action  plan  (see  below)  may  be  perceived  more 
positively by nations.

The Kyoto treaty and the actions since the treaty encourage downstream emissions trading. There 
are a few fundamental flaws to this approach:

◦ Low coverage of sectors (the European Emissions Trading Scheme (EU-ETS) covers 
only 40% of the EU domestic emissions, and none of the net emissions embodied in its 
net imports);

◦ An emissions trading scheme gives a volatile price for structural reasons related to the 
short-run price insensitivity (inelasticity) of fuel demand and the fact that carbon based 
fuels are ubiquitous in a modern economy (and so fuel demand  is   sensitive to the 
economic cycle and the weather).  This volatility  can lead to delayed investment and 
higher economic costs;

◦ Emissions  trading  schemes  encourage  'quota  seeking'  behaviour  by  nations  in  any 
original agreement and by companies in the political process of allocation rights to emit;

◦ Perverse incentive to avoid stringent commitments – the structure of the agreement with 
national emissions caps fails to transform incentives of nation states;

◦ The use of 'offsets', such as the Clean Development Mechanism (CDM) has multiple 
problems in addition to the lack of a developing country cap. Most fundamentally, it 
encourages  'double  counting'.  Offsets  provide  perverse  incentives  to  developing 
countries to inflate expected emissions in order to demand payment to reduce them back 
to more reasonable levels.

141Late ratification (especially by Russia and Australia) was also a significant problem.



◦ No incentives to preserve existing forests.

More fundamentally, none of the major powers (with the possible exception of the EU) have agreed 
to cede any sovereignty to a global institution. There also seems to be a fundamental difference in 
opinion  between  developed  countries  –  which  expect  developing  countries  to  accept  binding 
commitments – and developing countries, who seek financial assistance from the developed world.

Finally, there is a lack of any necessary or direct connection between a treaty being agreed, and any 
real  action  to  reduce  emissions.  We  need  a  new  treaty  that  has  an  'action  plan'  to  reduce 
emissions.142

142Ordering of Negotiations
Work by Howarth et al. (2009) suggests that any negotiation should be ordered as follows:

1. Determine a global cap;
2. Define a theory of justice or mechanism for allocating costs & benefits;
3. Work out implementation strategies.

A precondition to all three steps might be an understanding that a successor treaty will entail that countries give up a 
portion of their national sovereignty in regard to climate policy.



Solutions

International Institutions
The most direct way of mitigating the institutional capability gap would be to create a 'world  
environment agency' (e.g. see Stern, 2009) with a mandate to achieve the goals of the UNFCCC. 
The most ambitious and potentially effective proposals (Tickell 2008) suggest that the extraction of 
fossil fuels is rationed at source by such a global agency. 

Alternatively an international carbon central bank could set an internationally coordinated carbon 
tax in order to reach long-term carbon reduction targets. 

Credible Commitments
We need to find a way to monitor and enforce commitments made, for example on the carbon price 
or absolute emissions. One possible enforcement mechanism is a climate exchange. This is similar 
to  existing  derivatives  exchange,  but  would enforce  contracts  that  governments  might  make to 
companies. Such options contracts could guarantee the price of carbon. This would (a)  provide 
international enforcement mechanism for coordinated carbon tax; and (b) provide the high, credible, 
carbon price needed for investors to invest massively in the infrastructure needed for a carbon-free 
future.

It is also interesting to note that commitments to reduce fossil fuel supply and demand are, in a 
sense both instances of cartel-like behaviour. Credible commitments could also provide 
enforcement mechanisms for an oil consumer cartel ('OPIC') (Stoft 2008). Coal extraction needs to 
be rapidly limited if dangerous climate change is to be averted (Hansen et al. 2008). 



Conclusions
The following draft agenda is proposed:

1. Strong  global  institutions  –  e.g.  a  world  environmental  agency –  including  an  agreed 
framework  (such as  coordinated carbon taxes)  for  collective  policy,  to  replace  national  
commitments.

2. A framework action plan to eliminate carbon emissions sector-by-sector, region-by-region, 
over the next two to three decades. In particular a plan to develop, transfer and deploy the 
safe, responsible, and very large-scale use of enhanced energy efficiency, renewable-electric, 
nuclear, and carbon capture and storage energy technologies; and to encourage responsible 
land use and agriculture, including the sustainable use of water143.

3. A  significant  ($100-$200/tCO2e),  sectorally  complete,  substantially  geographically  
complete, agreed,  and guaranteed minimum carbon price, levied  upstream at the  national  
level (including embodied carbon from any regions not otherwise carbon-constrained), with 
revenues used at national discretion. It is possible that a carbon tax may have net economic 
benefits at the national level if used to replace taxes with higher 'deadweight' costs. The 
removal of fossil fuel subsidies has already been agreed as part of the Kyoto protocol, but 
has not been fully implemented.

4. A plan to protect forests and other natural carbon stores.
5. A plan to keep high carbon fuels in the ground (following Hansen et al. 2008).
6. An enabling framework for enforceable state-corporation climate contracts (e.g. 

guaranteeing the carbon price for investors) (Ismer & Neuhoff 2006).
7. An enabling framework for the use of trade sanctions to enforce state-state climate 

commitments, such as border tax adjustments (Ismer & Neuhoff 2007).
8. Unimpeachable monitoring and verification of all commitments.

143See http://www.weforest.com/video.php

http://www.weforest.com/video.php
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THE USE OF FINANCIAL INSTRUMENTS IN CLIMATE POLICY 
(NOTES)144

Long-term  climate  change  policy  requires  various  parties  to  make  long  term  credible 
commitments into the future. Financial instruments such as bonds or derivatives, are ideal 
instruments  to  do  so.  We  investigate  the  potential  for  guaranteeing  the  future  carbon, 
electricity and post-tax energy prices.

144Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010



The Need for Investment
Investment in low-carbon technologies can be promoted by a stable or smoothly increasing price of 
carbon, or by derivative instruments that guarantee the future price. Such investment would liberate 
the economy from a 'blocking circle' of existing fossil-fuel and national interests preventing the 
policies needed to promote investment in new low or zero-carbon energy supply. Measures to 
guarantee the future price of carbon would be financial contracts similar to government bonds, and 
thus have the further advantage of being more credible instruments than international treaties that 
have ratification and compliance issues.

Financial Instruments based on otherwise-determined price
It might be possible to commit future governments to carbon policy through financial instruments. 
If  there  is  an  international-instituted  price  of  carbon,  then  the  government  could  enter  into 
derivative contracts on this price. Options or futures could be used. The simplest approach is to use 
contracts for difference, a derivative that pays the difference between a strike price and the price of 
the reference entity. An option is formulated as a ’one-sided-contract for difference’. 
A one sided contract for difference would pay out if the future carbon price falls below the strike 
price in the future. There is one important condition for this to work: there needs to be a credible 
carbon price. Although I have presented here reasons why a coordinated tax might be preferred, an 
alternative proposition would be a cap and trade system where a proportion of permits are held back 
and then auctioned by a central global agency, the World Bank or the IMF for example. 

Derivative Contracts - Issues
Thus there are challenges in instrument design. An important design feature of derivative contracts 
is the reference quantity. It needs to be something observable and permanent. In this particular case, 
this reference entity is the price of carbon: in the near term the EU ETS. Since the terms are long 
and the concurrent danger is institutional lock-in, the derivatives need to be structured so that they 
are flexible to future system changes: for example replacing the ETS with a European carbon tax.

What Is Credible? Issuance of Long-term Government Bonds
Even if they do sign, they can refuse to ratify those agreements, and even if they ratify they can 
refuse  to  be  bound  by  them.  Nevertheless  governments  of  nation-states  do  bind  their  future 
incarnations everyday in a trustworthy fashion. They do so by issuing financial instruments such as 
bonds.  By  loans  which  factor  in  the  money  now,  the  present  government  commits  future 
government to paying the money back with interest.  Furthermore,  this commitment is  credible; 
western governments do not generally default on their debt.

Further Reasons In Favour of Price - Investment Guarantees
Prices are also highly relevant to investment. It is prices that determine outcome, not quantities. 
Volatile prices will lead to investment being delayed. Stable long term carbon prices will promote 
low carbon investment; uncertain prices may lead to delay. If agreement is being blocked by the 
well-organised fossil fuel lobbies, then the level of low-carbon capital stock may well be highly 
relevant to the politics of any agreement. We may need, in effect, to create the elements of a low-
carbon electricity supply while phasing out high-carbon capital.

What Price?
Price  works.  Increasing  the  price  of  energy  that  releases  greenhouse  gases  will  reduce  the 
consumption  of such energy.  This is known from basic economics. Assuming that individuals wish 
to satisfy their desires with the least effort, increasing the price of one commodity will mean that 



more desires can be satisfied by another commodity than this one. Increasing the price of carbon 
will have a number of effects. One example of the importance of increasing the price of energy is in 
the realm of financing energy efficiency improvements.

Carbon Price Guarantees
What do governments do best? Security. The first purpose of the state is to provide protection of the 
person against violence; the second is of protection of the rights of private property. So the most 
obvious purpose to the state in regard to climate change mitigation is as protector of certain rights. 
The rights that the state is best in protecting are the rights that it itself grants.145

145 Fossil Energy Price Guarantees
• Post-tax prices of coal, natural gas, and oil would be guaranteed
• Coal price falls below this point, we
• If the post-tax retail price of natural gas falls below X, then you will be paid the difference.

Household borrows money and purchases a price guarantee, ensuring that the investment makes 
sense.

Making it positively framed:
Guaranteed Returns - (Partly Self Fulfilling Prophesy, partly subsidy) - Link with
Financing - New (good) Banks -- e.g national investment bank
Boom of real activity keeps the whole economy afloat

• international thinking
• positively framed
• binding
• laws and protocols
• price not quantity
• Unifying Climate Change Targets and Investment Opportunities
• Avoid rent Seeking
• Avoid 'unnatural tragedy of the commons'



FINANCIAL OPTIONS TO PROMOTE LOW-CARBON 
ELECTRICITY GENERATION146

This paper considers policy to promote investment in low-carbon electricity generation 
capacity. Here we develop a class of financial options that directly or indirectly guarantees the 
revenues of a new investor in electricity generation by means of a put option on the price of 
electricity or carbon. A call option is the right but not the obligation to sell a unit of commodity  
at a certain price (the strike price). Such options may be attractive because they are likely to 
promote investment as they reduce the volatility of the electricity price and therefore the 
financial risk for a project.

A financial option to guarantee the minimum price of carbon (or electricity) is a contract whereby 
the government commits, in the event of the future price of carbon (or electricity) falling below a 
certain level, to pay a counterpart the difference between the realised price and that which was 
guaranteed. Such one-way contracts for difference have been proposed (Ismer & Neuhoff 2006) as 
instruments for improving the credibility of climate policy, and for promoting investment in low-
carbon technologies. By affecting directly expectations and thus the relative risk of low- and high- 
carbon alternatives, there might be a significant effect on the carbon intensity of new investment.

We evaluate such instruments as means to promote the switch to a low-carbon economy through 
large-scale decarbonization of the electricity supply and electrification of other sectors. In particular 
we consider the transitional costs of system change and the relative political risks and constraints 
compared to a system of high current carbon prices alone. We also consider other risks inherent in 
such a system, including the lock-in to specific institutional structures and the potential for 
economic inefficiency.

After considering the relation between carbon and electricity prices, we compare guaranteed 
minimum prices to other systems such as contracts for carbon reduction (Helm & Hepburn 2007), 
the Renewables obligation, and feed-in tariffs, and consider whether financial options could or 
should be extended to support less mature but higher-cost technologies. We find that financial 
options have considerable advantages and can be considered complementary to conventional carbon 
pricing. However, there may be challenges in designing long-term contracts that are both legally 
watertight and flexible to potential future institutional changes.

146Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010
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Why Support Low-carbon Electricity? 
Coal Oil and Gas, make up (85%) of global primary energy supply and are available as respectively 
solid, liquid and gaseous fuels. Electricity is the most carbon intensive form of energy at present (in 
terms of greenhouse gases released per unit final energy), so decarbonizing the electricity sector is 
particularly effective at reducing carbon emissions. 

If we are to convert our energy system away from fossil fuels and towards less damaging forms of 
energy, we need to shift from fuels to electricity. Our current energy system is dominated by fossil 
fuels. All forms of energy that don't produce significant amounts of greenhouse gases are electricity 
generation technologies and/or low grade heat. For example, renewable energy schemes such as: 
Hydroelectric power, Wind, Tidal, Wave and Photovoltaic Solar produce electricity produce 
electricity. Thermal power stations with low or zero carbon emissions include Concentrating Solar, 
Nuclear Fission, Coal with Carbon Capture and Storage produce Electricity (plus some low-grade 
heat). 
In order to solve the climate problem, we will need to low-carbon electricity to convert not only the 
existing electricity sector (as Sweden and France have done), but also the energy sectors that 
currently use fossil fuels directly such as transportation (oil) and home heating (gas).

Some countries will decarbonize their economies more quickly than others. There is also the 
potential for a High Voltage DC Super-grid. In this case, low carbon energy produced in one part of 
Europe can help to displace carbon-emitting generation in another part of Europe. All low-carbon 
energy is helpful for reducing carbon emissions.

Investment is Needed: To convert our economy, we will need investment in low-carbon energy 
infrastructure - electricity generating capacity in the form of nuclear, renewable energies and 
perhaps coal with CO2 sequestration. All these forms of electricity generation are capital intensive, 
that is, the majority of the cost of a unit of electricity is the upfront investment cost, very little is 
paid in the cost of fuel and ongoing maintenance. In the case of renewable energy, fuel is free; for 
nuclear energy, fuel is very small part of the cost of electricity.

Current Policy is Inadequate and Costly: Present policy is dominated by costly direct subsidies 
to renewable energy producers (Renewables Obligation), and heavy direct subsidies to legacy 
nuclear generators.

Very little carbon reduction is bought for this substantial cost. There is a grandfathered cap and 
trade system (the European Emissions Trading Scheme), which does not aid long term investment 
and does not reduce carbon emissions

Changing Public Discourse: Public discussion is dominated by the notion that decarbonization is 
difficult and costly. If this were true, it is unlikely that such policies would be adopted globally. But 
well designed policies need be neither difficult nor costly.

Coordination Problems with System Change and Uncertainty: Moving to a near-zero carbon 
economy will require system change. This will involve large-scale investment in electricity 
generating technology. Policy uncertainty will reduce investment. 

Political Blockages: Higher investment gets round political blockages of a carbon tax or all-
inclusive emissions trading scheme.

Learning by Doing: There is a case for specific policies to encourage deployment of technology 
and thus reduce its cost through the learning-by-doing effect. This is in particular the case for 
supporting renewable energy at the early stage of its development. This policy would complement 
niche support schemes such as feed-in tariffs; it is intended to create a level playing field to support 
large-scale technologies once fully commercialised (e.g. Wind).

http://www.zerocarbonnow.org/?page_id=63
http://www.zerocarbonnow.org/?page_id=60


Credibility and Investment
New investment depends on investors expectations of future carbon prices. Therefore, what matters 
for new investment is the credibility of the carbon price.

Credibility matters. If I hope to put together a party to scale a tall dangerous mountain, then whether 
I can find a team to do such a difficult to undertake such a difficult mission, will depend on my 
credibility: whether I have the tools and experience available to do so; fundamentally whether I 
appear likely to be successful. If I am not credible, then I am not going to make it, because people 
around me will fall away.

It is the same with investors. Investment decisions are typically modelled as a Net Present Value 
(NPV) Calculation. An investor will consider all the cash flows in a particular market; and 
determine what should be the cost and benefits of that policy. If the financial inflows are greater 
than the outflows, once discounting has been taken into account, then the investor will take the 
project. 

The reasons that he will take the project are financial. Suppose the project is funded by debt 
finance. If the interest rate is less than the rate of return on the project, he can borrow some money 
from the bank; invest that money in the project, and then when the project returns revenue, the 
investor can pay off his loan and still be left with a profit.

Now let us introduce risk and uncertainty into the decision. If risk and uncertainty are important, 
then these need to be taken account of in the policy decision. There are a number of representations 
of how the decision should be taken when the outcome is uncertainty. In the case of uncertainty, the 
pay-offs for different options will depend on the future state of the world, which is uncertain. There 
are various possible decision rules.

Important examples of decision rules include: optimistic/maximax (what maximizes the best that 
can happen), conservative / maximin (what minimises the worst that can happen), minimize regret - 
maximin  (the difference between what actually happens and what the best decision would be); and 
take the best average pay-off (assuming each is equally likely).

However, it seems likely, that actors' estimation of the probability attached to different outcomes 
plays an important role in their decision. Many things in life are possible however; many of the 
possibilities are not particularly likely.

It seems therefore that probability has a large impact on the decision. A straightforward decision 
role is to take the option with the greatest expected pay-off. An agent who works in this way is said 
to be risk neutral, taking  the highest weighted average pay-off of the options.

Most agents are not risk neutral; a bird in hand is valued more than a 50/50 chance of catching two. 
Certainty is usually valued because it allows us to make more decisions and to finance our decisions 
with low-cost forms of capital such as bank lending. Uncertainty over future outcomes means that 
more money or resources need to be set aside to protect against a potentially adverse future

Under certain conditions (cross-ref other paper where I develop this in detail - maybe the electricity 
book), the outcome of different functions can be represented by a utility function. Risk aversion can 
be represented by a utility function that has curvature.



The Theory of Investment
Economic theory and investment. Standard neo-classical theory suggests that investment will take 
place if the net present value is greater than zero.
From Dixit and Pyndyck (1994):

"Neo-classical economic theory recommends investing in a project if the net present value is  
greater than zero. In the formulation by Tobin (1963), investment will take place if the capitalised 
value (which may sometimes be observed in the market or it can be imputed by the expected value 
of imputed profits) is greater than the cost of investment."
"The rate of expansion or contraction is found by equating the marginal cost of adjustment (?? e.g.  
the rate of expansion in capital stock) with the costs of adjustment, which depends on (q-1).  
Adjustment costs - investment above the current amount will require more investment to take place.  
Capital stock is flexible over 10 years or so."
NPV Criterion in Private and Social Decision Making: The net present value adds up the costs 
and benefits of an action. The NPV criterion is this:

An action should be taken if it has a positive net present value.
Two examples are the following:

• Social Planner (Economic Cost-Benefit Analysis): A policy should be adopted if it has 
positive NPV to society 

• Firm (Financial Analysis): An investment should be made if it has positive NPV to the firm. 

Costs and benefits in the future are discounted using appropriate long-term discount rates. The net 
present value depends strongly on the discount rates used.

Discount Rates: The discount rate determines how much one should value future costs and benefits 
relative to current costs and benefits. If I receive £1 today, what is an equivalent amount that would 
be just as good to receive in 1 year's time? If I believe that £1.10 in 1 year is equivalent to £1 now, 
then I am implicitly using a discount rate of 10%.

What discount rate should be used for infrastructure projects such as investment in electricity 
generation capacity?

Public Discount Factors (Economic Cost-Benefit Analysis): Economic and ethical arguments 
over discounting have been investigated extensively in the Stern review of climate change, and 
subsequent literature. Stern suggested a pure rate of time preference of 0.1%; the discount rate 
implied by this assumption depends further on assumptions over future growth in consumption. It 
approximately implies a 10 year discount rate of 3% falling to 2.5% over 40 years.

The treasury green book suggests 3.5% as a discounting rate for public infrastructure projects.
Private Sector Discount Rates (Financial Analysis): However, the private sector is likely to use a 
much higher interest rate than the socially optimal one. In general, the private sector will discount to 
take account of the risk in an investment. The riskier an investment, the higher the interest rate 
charged.

The discount rate used in the Energy White Paper cost benefit analysis is 10%, close to a likely 
financing rate. The cost benefit analysis is therefore at least in part a financial analysis rather than 
an economic cost benefit analysis.

This means that less investment will take place than is socially optimal. It will therefore be 
useful to consider ways of reducing the financing rate.

Levelized Cost Of Electricity: A calculation of the relative NPVs of different options depends on 
the price of electricity. To compare the relevant costs of different technologies without referring to 
this we can use the levelized Cost of Electricity Approach.



Financial Risk and Investment in Low Carbon Electricity

What are the sources of risk for an investor?
The following financial risks are generated by the structure of liberalised electricity markets:

1. Policy Risk - that policy towards carbon or electricity may change 
2. Mismatch between revenue (electricity prices) and costs (fixed). 
3. Price risk - electricity prices in the future will be lower than expected, especially if 

investment is high. 

Since these risks are largely the government's responsibility, it is appropriate that the government 
should act to mitigate them.

The government should also provide assurances over the following:

1. Regulatory risk - that regulations concerning the plant's operation will change 

The following sources of financial risk are independent of this policy:

1. Construction risk - that the plant will cost more than expected 
2. Back end costs - for nuclear, decommissioning and waste disposal 
3. Operational risk - e.g. due to plant malfunction 
4. Risks due to financial structure and financial management 

These risks are largely the responsibility of the firm itself and therefore it is not the responsibility of 
government to intervene.

Mitigated Risk: Electricity Price Volatility
A highly volatile electricity price will tend to suit low capital intensity (low fixed cost, high variable 
cost) electricity generators

Mitigated Risk: Gas-Carbon-Electricity Correlation
In a spot electricity market, the price of electricity is determined by the 'swing' producer of 
electricity, usually gas. The price of this electricity is determined by the price of gas. Gas producers 
have a good deal - their revenues and costs move together. Capital intensive zero carbon energy 
(wind and nuclear) do not.
The market fails because it creates volatility and then passes it on to consumers.

Moral Hazard?
A danger of insuring investors against loss is that companies are encouraged to behave recklessly. 
This is not a major danger here. In this instance, a revenue stream is being guaranteed, not the 
business. The businesses could certainly sustain higher levels of leverage against a certain cash 
flow, but in this case would clearly have to pay higher interest rates from investors.

Assessing the relative economics of various energy technologies purely in terms of their levelised 
cost, fails to take account of the revenue risks. A gas turbine may seem to be uncertain in terms of 
it's levelised cost, but the net present value is relatively stable since the cost of fuels provides a 
natural hedge.

• Levelised Cost – gas looks risky, nuclear less so 

• Net Present Value – nuclear risky, gas less so 

Source (Blyth 2006)

Investment under Uncertainty
Investment is key to reducing emissions; and credibility in investment is closely related to 



credibility in Climate Policy
(Neuhoff 2007)  provides a summary of some approaches to investment uncertainty.

Here we focus on the real option approach, as outlined by Dixit and Pindyck (1994) To accurately 
represent the investment decision we need to consider the option value of waiting to find out more 
information rather than to invest.

Blyth (2006) points out that representing only the relative levelized cost of electricity technologies 
misses out an important part of the picture: the revenue risk from various electricity prices. He 
points out that the electricity price is driven by short run marginal cost, which is determined by the 
'merit order' of plants available.

Source (Blyth 2006)



Purpose of Instrument

What Is Needed? Full Scale Deployment Support
The purpose of this instrument is to encourage investment in electricity generation capacity which:

1. is economic on a levelized cost basis (costs less than the long-run price of electricity);

2. is capital intensive;

3. is low-carbon.

It is an instrument to encourage 'mass-deployment' of low-carbon technologies of a low enough 
cost.

It is not, in the first instance, an instrument to encourage less economic technologies to reach 
market.

Why encourage large-scale deployment of low-cost energy sources in addition to 'learning 
support'?
Price support for already low-cost energy sources is extremely effective at reducing carbon 
emissions for the following reasons.

• Given that electricity generation capacity is needed anyway, the net cost (the additional cost 
of making electricity investment zero carbon) is small or even zero.

• If these technologies are already nearly-competitive with coal, a small learning effect can 
have a large impact on the global competitiveness of the technology

• It is unrealistic to expect governments to subside energy on a very large scale, and yet very 
large investment is required.



Existing Proposals To Encourage Electricity Generation
The following support mechanisms have been proposed:

• Renewables Obligation (UK policy)

• Feed-in-tariff (Policy in many continental EU countries including Germany)

• Auctioning of Carbon Reduction Commitments (new policy proposed by Helm)

• Carbon Price Guarantees (new policy proposed by Newbery and Ismer/Neuhoff)

• Electricity Price Guarantees/Auctioned Carbon Free Electricity Contracts

The Renewables Obligation: The Renewables Obligation is a legal requirement for UK licensed 
electricity suppliers to supply a proportion the electricity they supply from renewable sources. The 
obligation is set at 9.1% for 2008/09 (DBerr 2008). Suppliers who have generated their energy from 
renewable sources are granted a Renewables Obligation Certificate (1ROC=1MWh supplied of 
Renewable Energy). Each supplier most present ROCs equivalent to the 9.1%,or pay the 'buyout 
price' to a fund, which is distributed equally to those who have presented ROCs. The buyout price is 
currently £35/MWh (Ofgem 2008).

Feed-in tariffs: A feed-in tariff is a guaranteed rate paid for the producers of renewable electricity. 
It has been used extensively in Germany (Neuhoff & Butler 2004). This tariff was finally set at 
8.7c/kWh for the first 5 years and at 5.55c kWh for the remaining 15 years. The guaranteed rate 
declines in nominal terms by 2.00% for each year the investment occurs after the year 2000. Higher 
payments are made for non-optimal sites.
It was found (ibid.) that the Feed in tariff has been significantly more effective at encouraging 
investment than the Renewables Obligation.

Auctioning of Carbon Reduction Commitments: Helm and Hepburn (2007) propose the 
auctioning of Carbon Contracts. Governments would purchase a set of emission reducing options in 
a technology-blind auction at the lowest possible price. The advantage of this proposal is price 
discovery. The disadvantage is that it is posed in the counter factual; possible emissions reductions. 

Carbon Price Guarantees: A carbon price guarantee is a contract or other assurance to guarantee 
that the long-term price of carbon (i.e. the cost of permits plus, possibly carbon taxes or other fiscal 
measures) does not fall below a certain level. In the event of the carbon price falling below this 
level, the writer of such an option would pay the difference between the real price and the floor 
price, or agree to buy back permits. Such a measure could support low-carbon electricity generation 
by lowering the downside risk to deployment of low carbon technologies. However, the deterrence 
effect of higher carbon prices on high-carbon investment would be unaffected. Neuhoff and Ismer 
(2005) note that such commitments can begin to solve the internal commitment problem (for central 
government to commit to long-term carbon prices for investors), and the external commitment to 
other countries.

Electricity Price Contracts: Ekins and Hughes (2007) have proposed the auctioning of low carbon 
electricity contracts. These have an advantage over Carbon Price contracts in that they are contracts 
for a positive item, and thus a guaranteed market.



Proposal: Guaranteed Minimum Electricity Prices
We proposed guaranteed minimum electricity price (indexed and time-averaged over each 5 year 
period, for the design life of each project) for long-term investors in carbon free (<50gCO2/kWh) 
electricity generation capacity. An Electricity Price Guarantee, is a method to guarantee the price of 
electricity. It is similar to a feed-in tariff, but is an option which is more suited to investments at or 
near the wholesale price of electricity. The advantage over a carbon price guarantee is that it 
provides a guaranteed market, which may be useful when contemplating whole-system change.

How Would It Work?
There would be a long-term contract between the government and any investors that the time 
averaged electricity price over a certain period would not fall below a certain point. In effect this is 
an Asian option on the electricity price. At the end of each time period the government would 
provide direct financial support in the event of a price falling below a certain level.

Contractual Arrangements
There are various types of call options. For example, an American call option would allow the 
purchase of the commodity at the price of the commodity at the end point. Contracts can deliver 
physically or not.

The government would write a contract for difference on the average price of electricity in each 
future 5 year period. So there would be CFD on the average electricity price in the period 2015-
2020, and one for the period 2020-2025.

Who would qualify?
Initially, all 'Zero Carbon' electricity generators- i.e. those with emissions below 50g/kWh. It could 
be extended to all 'Low Carbon' electricity generators - those with emissions below 200g/kWh.

What level to support prices?
• A low price floor would provide little direct support but would nevertheless reduce 

downside risks. 
• A high price floor would provide considerable direct subsidy. 

It is recommended that the price floor for the current period should be slightly below the current 
price of electricity. This should be indexed according to general inflation.



Analysis of Costs and Benefits of the Policy
An electricity price floor at or below the current price of electricity would have a relatively low 
cost.

Who Wins?
• Planet Earth (fewer greenhouse gas emissions) 
• Renewable Energy Industry (more secure energy price) 
• Nuclear Energy Industry (more secure energy price) 
• UK Consumers (more security of supply and lower long-term energy prices) 
• UK Industry (more security of supply and lower long-term energy prices) 
• Investors & Banks (more secure cash flows) 
• UK government/ UK as a whole (security over future investment, lower financing costs for 

long term investors) 
• Pensioners (long term, secure assets to invest in for pensions) 

Who Loses?
Nobody loses out directly. The policy is equivalent to a trust-building measure. Since the measure 
enhances trust, this is a positive-sum game where all can win without anyone losing heavily.

Banks are not able to charge such high interest rates, but this is reflective of the lower risk of the 
investment.

The government would in theory have to pay out in the future should the price fall below the floor 
level. However, since the government will have control over carbon policy such an eventuality is 
unlikely.



Further Considerations
A policy measure to reduce emissions
The government has set strong goals for climate change policy, but at present does not have strong 
policies to achieve these goals. For example the UK government does not have control over the 
carbon price at present; this is set by the EU.

Reducing the Cost of Energy for Industry
By guaranteeing a minimum price for investors, large amounts of investment in low-cost capacity 
would be encouraged. By providing a floor on the price of energy, in the long term enough 
investment will be encouraged so that the potential

Policy Uncertainty Produces Policy Delay
There is considerable uncertainty over the future price of carbon. Whether there will be a systematic 
carbon tax or a cap and trade system. It is well known from real options theory that in these 
circumstances, investment is delayed.

We need guaranteed minimum prices to encourage investment in the midst of policy uncertainty. 
Minimum carbon prices will aid policy credibility.

Little Investment will happen without more certainty
At present the future price of gas, carbon and electricity are highly uncertain. There is likely to be 
little investment in either high-carbon choices such as coal (because of the danger of high carbon 
prices in the future) or low carbon choices such as wind or nuclear (because of uncertain revenues 
against fixed costs). There is a danger of the lights going out.
Dangers of this system.
Institutional Lock-in. If the price of carbon is guaranteed, then there is a danger of not being able to 
change system.



Policy Extensions & Variations 
Extension 1: Inclusion of carbon capture and storage (CCS) in the scheme.

Extension 2: A limited number of electricity contracts available at a higher guaranteed price for 
those new carbon-free generators that are first to produce electricity to the grid (likely to be 
renewable, first-of-series nuclear and carbon capture and storage).

Variation 1: Auctioning permits to all market participants rather than giving them away to low 
carbon producers

Variation 2: Floor on carbon price in addition to that on electricity.

Related but separate policy 1: Research, development and deployment support for novel or 
undeveloped low-carbon electricity generation options.

Related but separate policy 2: Current Carbon Price (ETS permits/taxes).

Extension 1
Inclusion of electricity produced with Carbon Capture and Storage (CCS).

Extension 2
In order to further encourage investment quickly it would be possible to give away a limited 
number of higher price contracts for those who are first to produce electricity. This might include 
renewable energy on a large scale and the first-of-series nuclear and first full-scale carbon capture 
and storage plants. The price would be declining in cumulative installed capacity.

An environmentally friendly option would be to offer 6p/kWh for first 10GW capacity, 5p/kWh for 
next 20GW, 4p/kWh for next 70GW.

This policy, when combined with an immediate carbon tax of 4p/kg CO2= £40/tonne CO2 (Stern - 
which would raise the price of electricity by 2p/kWh) could be achieved without an initial cash 
subsidy.

Variation 1: Auctioning Permits?
The current proposal is to give contracts away to low-carbon investors, on the completion of plant. 
An alternative proposal would be to auction the permits on the open market. Although this would 
not specifically support low-carbon industries it would still be a beneficial move and would actually 
raise revenue for the government.

Variation 2: Carbon or Electricity?
A floor on the price of carbon has also been proposed as a measure to ensure greater certainty and to 
aid policy credibility.

A carbon floor or associated contracts for difference is a policy measure that would certainly be 
effective at locking-in commitments to a carbon price. Electricity price support would support 
electricity investment. Carbon price support would support low-carbon investment. It would 
specifically support carbon capture and storage (CCS) technology. There are advantages in both 
strategies.

Related Policies 1: Measures for learning support
The basic scheme is not intended to be a method of reducing the cost of more expensive forms of 
renewable energy such as wave energy.

However, it is important that such novel energy forms are encouraged and brought to market 
rapidly.

The Renewables Obligation is set up to encourage the development of these forms of energy so as 



to reduce their cost. It has been recently banded to differentiate between technologies according to 
their level of market penetration.

Some have argued this method of support to be excessively costly. Greater direct research and 
development (R&D) support and feed-in-tariffs by energy type may be more efficient way to 
encourage these energy types. This is a different topic not part of the scope of this paper.

Related Policy 2: Why Not Just Impose a Carbon Tax?
A long term price on carbon should be the primary policy for carbon reduction. However, what 
determines low carbon investment is not the current price of carbon but the expectations of the 
future price of electricity. The effect of a carbon price is only that expectations of a future carbon 
price affects expectations of future electricity prices.

Economic costs of decarbonization will be reduced if there already exists significant alternative 
energy when carbon prices are raised.

Similarly, a significant carbon price may be being blocked politically by well-organised carbon 
intensive sectors such as fossil fuel extraction, electricity generation, aviation and heavy industry. It 
is necessary to create a significant well-funded carbon-free energy industry before punitive levels of 
carbon taxes are imposed so that industry has alternative energy sources available.



Conclusions
Probable Effects
There would be strong investment in all electricity generating capacity with low or moderate cost. 
The basic policy would encourage nuclear, onshore wind. The advanced policy would also 
encourage other forms of renewable generation and coal with carbon capture and storage.

Economic Justification 

• Corrects market underinvestment arguably associated with liberalised electricity markets 
• Corrects market underinvestment due to policy uncertainty 
• Corrects a market failure by filling a gap in the market for risk instruments 
• Reduces the financing rate for long-term electricity investment to closer to the social 

discounting rate without moral hazard 
• Provides an extra policy tool to reduce carbon emissions 

Political Justification
• Reduces carbon emissions 
• Encourages investment and thus keeps the lights on 
• Creates a low carbon industry and dispenses with political obstacles to a low-carbon future

Higher Prices for Quick Construction
• Provides incentives for first mover 

• Rewards social advantages of first-of-build (cost information revelation, cost and time 
reduction) 

• Provides credible signal that policy might be less generous in the future, thus further 
encouraging rapid investment. 

Overall Conclusions
In order to encourage sufficient investment to decarbonize our energy system, we need to promote a 
more long-term framework for investors. This can be done by means of price risk mitigation for 
long term investors, such as a guaranteed minimum price for electricity or carbon.
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FINANCING HOME ENERGY EFFICIENCY IMPROVEMENTS147

Some options for the financing of energy efficiency improvements are outlined, including 
'grandfathering for citizens'.

Greenhouse gas emissions (principally Carbon Dioxide) from home energy consumption constitute 
around one fifth of UK emissions. These emissions are not covered by the EU emissions trading 
scheme, nor are they currently highly taxed. 

There are a number of things necessary in order to make energy efficiency improvements.
• Carbon or energy taxation. 
• Financing of energy efficiency improvements; where interest payments are linked to future 

price increases.
• Make energy efficiency schemes 'opt-out' not 'opt-in';
• In tennant-landlord situations, sharing of savings between principal and agent.

Here we focus on Carbon taxes and discuss options that could be  politically feasible. Stronger 
incentives for carbon price reductions are needed. In particular, an incentive to switch  from high-
carbon to low-carbon supplies seems important in order to scale up low carbon  electricity 
generation effectively. A carbon tax provides both such incentives.There appear to be political 
barriers to higher fuel prices expressed as fuel proverty concerns.  In the UK, an earler attempt to 
impose full-rate VAT on this sector was defeated politically, and domestic energy consumption 
currently enjoys a lower rate of VAT of 5%. This document sets out a proposal to impose a fixed 
carbon price that would be directly refunded  by household, according to historical usage. We 
propose an upstream carbon price on all domestic energy consumption, proportional to carbon 
content. The revenues would be immediately redunded by  property, proportionally to use of fuel in 
a historical period, likely the tax years 2008-9 & 2009-2010. 

It is argued that this 'grandfathering' would be more justified in the case of taxes on domestic energy 
consumption than it would be in the case of emissions trading schemes, since the economic burden 
of carbon taxes would fall largely on individuals. The scheme would have the advantage of  not 
making particular individual worse off, and is argued to be more politically viable than  schemes 
that either put reciepts for carbon taxers into the general purse, or those that give back taxation 
receipts to individuals on an equal per capita basis.

Given that the incidence is on the householder/ the landowner; we will expect a lower rate of 
council tax, if you move it into full council tax. Therefore an alternative to the above scheme would 
be a volutary switch to a higher rate and allow people to opt in. The scheme could expand virally. 
How much extra you pay if you were paying the higher rate. This would give all the incentive of a 
high carbon tax. without paying a larger cost.

UK Average Energy Bills:
Payment type Credit Direct Debit Prepayment

 per kWh Bill per kWh Bill per kWh Bill
GAS Great Britain Avg 2.63p £474 2.36p £424 2.77p £498
ELECTRICITY UK Avg 10.24p £338 9.48p £313 10.88p £359
Source of Stats: http://www.dti.gov.uk/energy/statistics/publications/prices/index.html 

Average Size of UK Household: 2.36people

147Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010

http://www.dti.gov.uk/energy/statistics/publications/prices/index.html


THE FINANCIAL CRISIS: “DIAGNOSIS, PROGNOSIS, AND 
OPTIONS FOR FURTHER TREATMENT”148

I discuss the nature of fractional reserve banks in the context of the 2008 financial crisis and I 
discuss a practical proposal for a new, good bank.

The basic149 functions of a bank are outlined. A bank's function is intermediation; namely to take 
deposits of cash, and in return to promise to repay that cash when required; to allow the transfer of 
these promises and to lend money to individuals and companies. Banks are subject to two main 
regulatory constraints: first their assets, weighted according to risk, must amount to only a certain 
multiple of their regulatory capital (shareholder equity plus some subordinated debt)150; second, 
they must retain a certain proportion of their total assets as cash or other liquid assets such as 
government bonds. UK bank balance sheets are measured in the trillion pounds: larger than UK 
national debt and comparable to a few times UK GDP. 

The current financial crisis was initially triggered by bank losses on sub-prime mortgage. These 
losses have caused a specific slowdown in credit markets. The implication of this slowdown are 
outlined, as are the dangers of a debt deflation. 

Various aspects of the policy response are discussed. A new institution will be(!) outlined: an 
international, government-backed, 'new good bank'. This new good bank would provide additional 
low-cost financing during a recession, particularly to 'socially beneficial' projects such as low-
carbon energy infrastructure and energy efficiency schemes. The concept of a 'good bank' is 
independent of, but is synergistic to, proposals for an 'energy refund for a climate club' and for 
guaranteed carbon and electricity prices (contracts for difference), the two main policy proposals 
outlined in the paper at the end of the book.

148Author: Stephen Stretton <stephen stephenstretton.org.uk>   Last Updated: 11th March 2010
149No apology is made for the elementary level of this description: it is essential, for democracy, to be as simple and 

clear as possible about the current financial system. 
150As measured for regulatory purposes this includes 'tier 1' capital (shareholder equity) and 'tier 2' capital 

(subordinated debt).



An Introduction To Banking

The Functions of a Bank
The main purpose of a bank is intermediation: to borrow151 money from customers (who in 
principle could demand their money back at any point152) and to lend money to customers with a 
fixed repayment schedule.

The  first  specific  function  of  a  bank  is  therefore  to  accept  cash  (banknotes  and  coins)  from 
customers and, in exchange to issue promises to pay cash. The 'promise to pay' is represented by 
the customer having an increased bank balance. The customer has in fact  loaned  the cash to the 
bank: the ownership ('title') on the cash has transferred from the customer to the bank. 

The offsetting second function of the bank is to  pay out cash in exchange for the erasure of a 
promise to pay cash. Depending on the terms of the bank account, the money loaned to the bank 
can be recalled ('withdrawn') by the customer at any time that the customer wishes.153

The third function of a bank is to cash cheques: in other words, to move promises to pay from 
one customer to another. Let's say person A wishes to pay person B a certain amount of money. 
The straightforward way to settle this transaction would be for person A to give person B some cash 
(let's say £100). But cash is easily stolen; so instead person A writes person B a cheque for £100. 
What does that cheque represent? 

Lets say first  of  all  that  both the individuals  use the same bank ('X').  In this  case,  rather than 
transferring cash, it is possible for the bank to transfer  promises to pay. The cheque is a promise 
from person A to pay person B. When the bank receives the cheque, and assuming that person A has 
a sufficient bank balance; bank X simply removes £100 from its obligation to pay person A and 
adds £100 to the obligation to pay person B. 

If two banks are involved, the same principles apply. Person A (with bank X) gives person B (with 
bank Y) a cheque (in exchange for another asset, goods or services). The banks transfer of promises 
to pay  from bank X to A to bank Y to B. In addition, to avoid bank Y being worse off, bank X 
transfers £100 in cash to bank Y. 

Fourth, the bank can create bank balances, for example, as payment to its employees or 
shareholders. A deposit is simply an obligation for the bank to pay someone cash on demand.

Fifth, the bank can lend money to customers. The bank creates a deposit - a promise for the bank 
to pay you cash on demand - and an offsetting debt - a promise for you to pay the bank cash (or to 
remove an equivalent amount of the bank's obligations to pay you cash) .

Investment banks perform the traditional functions of banks and also perform various functions in 
relation to innovative financing, the structuring of financial derivatives and origination and 
underwriting of debt and equity issuance. These functions are of necessity hard to distinguish from 
their standard roles.

151In the typical system known as 'fractional reserve banking'
152Except in typical bank panics; for example the 'run on the Rock'.
153Other bank deposits require a certain amount of time notice before withdrawing cash. 



The Bank Balance Sheet
The balance sheet of a bank consists of the assets (which are the loans that it has made - they are 
assets because they will usually be paid back – plus physical assets) and liabilities (which are the 
deposits that the banks has taken, plus those who have lent the bank money – the bond holders). It is 
known as a balance sheet, since the assets are equal to the liabilities plus the shareholder equity.

Assets:  the bank owns cash (banknotes and coins) that the customers have lent to the bank. It also 
may own financial assets such as government bonds and fixed assets such as its own buildings. The 
bank is also owed money by its customers and, since these loan agreements represent a promise to 
pay the bank money in the future, they are also counted as assets, and in fact represent the majority 
of the banks total asset value.

Liabilities: the main liability on the bank is to pay back the money deposited by the bank's 
customers.

Shareholder Equity (net asset value): A bank is started by the investment of some money, known 
as 'shareholder equity'. Over time, any profit which is not distributed to the shareholders will 
increase that shareholder capital. Similarly a loss will reduce the banks shareholder equity. The 
bank's 'shareholder equity' is therefore the net asset value according to accounting rules. This is also 
known as bank 'capital'.

Insolvency: A company will be considered insolvent if either two conditions hold
• The shareholder equity falls to or below zero
• The company is unable to meet its obligations

Regulatory Constraints on Banks
It seems, from this more detailed picture, that the banks can create an unlimited amount of credit. Is  
this true?

In fact the banks are constrained in two important ways: a (financial) 'capital' requirement and a 
'liquidity' requirement.

The (financial) capital requirement is a requirement on the net asset value of the bank. A bank's net 
asset value is the excess of the accounting value of its assets over the accounting value of its 
liabilities. Net asset value is often called the 'capital' of the bank. The capital requirement is that the 
bank should not lend out more than a certain multiple of its capital.
The liquidity requirement is a requirement that the bank has sufficient cash or deposits at the bank 
of England (monetary base) to cover any withdrawals of money. 

Banks have capital requirements (it must not lend more than about 10 times it's net worth) and 
liquidity requirements (it must not have deposits greater than 20 times the amount of monetary base 
held).



The Banking Crisis
This section outlines the causes and consequence of the current global banking crisis.

Bank Losses, Capital Shortages and Possible Insolvencies
Causes of the Banking Crisis: US Sub-prime Mortgage Defaults
The initial trigger of the financial crisis was a fall in US house prices. US banks had up till this 
point been engaging in increasingly risky lending practices, in particular by lending to less and less 
creditworthy individuals. When house prices began to fall, delinquency rates on mortgages rose, 
leading to severe losses by the banks.

This risk spread throughout the financial system through risk-transfer financial instruments called 
Collaterallized Debt Obligations (CDOs). CDOs are financial derivatives constructed to insure the 
original bank against the risk that a number of these mortgage holders will simultaneously default. 
By constructing and selling 'tranches' of the CDOs, the bank that originates the mortgages is able to 
pass the risk of default on to the counterpart. The main advantage of these derivatives was that 
specific risk of default is diversified amongst institutions and so concentrations of risk are avoided. 
The disadvantages are that the original bank is encouraged to lend to more risky individuals, 
knowing that it will not pay the price later - that systemic risk to widespread defaults remains and is 
now spread throughout the system; and that the mathematics of 'tranching' these deals tends to 
obscure the level of systemic risk.

The Basic Problem: Bank Losses and Capital Shortages
The main consequence of the sub-prime defaults has been large losses taken by banks around the 
world. In 2007, some banks made very large losses.154 Some banks (for example the Royal Bank of 
Scotland) might have become insolvent were it not for government intervention. 

Effects of Bank Losses and Capital Shortages
The fall in net asset value and in some cases bank insolvency leads to a number of serious economic 
effects:

• New lending is constricted: The banks lending activities are constrained by their regulatory 
capital requirements and by prudent self interest (there are costs of financial distress that are 
to be avoided). 
◦ Falls in asset values: The reduced availability of bank credit affects both individuals and 

companies adversely. For example, reduced demand for housing may lead to an overall 
reduction in house prices.

◦ Companies behave conservatively: The effect on companies of reduced access to lending 
is that both companies and banks will behave more conservatively. This may lead to 
some businesses being forced to scale back investment activities and others be put out of 
business altogether.

• Confidence in bank deposits shaken: There is concern that there will not be sufficient funds 
to pay back depositors, even if all the bank's assets were 'liquidized' (sold, called in, and 
turned into cash). 
◦ Possible bank runs: This perceived riskiness could cause a 'run' on the bank, where 

existing depositors withdraw their money en mass. 
◦ Frozen credit markets: The bank's perceived riskiness also makes it more difficult for 

154In other words it is a crisis about the banks' “balance sheets”. The balance sheet of a company represents the 
company's assets on one side and it's and liabilities on the other. The assets of the company must by definition equal 
the liabilities plus the shareholder capital (or net asset value).



banks to attract new depositors or new investors, because the bank is inherently more 
risky.

◦ Interbank trust declines: With the bankruptcy of Lehman Brothers in September 2007, 
the crisis became much more serious. In effect, banks ceased to trust each other. The 
effect of this is, in effect, to drastically reduce the amount of trustworthy 'money' in the 
economy. 

• A large negative shift in 'animal spirits': The increased uncertainty engendered by the 
banking crisis has reduced confidence in the global economy. Overall the crisis can be 
described as a large global monetary and confidence shock significantly reducing global 
aggregate demand. 
◦ Reduction in output and in asset and product prices: Macroeconomics suggests that a 

reduction in aggregate demand will reduce both the growth in the economy and the 
inflation rate. The shock is great enough such that both output and prices may fall in 
specific countries or globally. Falling output combined with falling prices is known as 
deflation.

• Potential for a debt-deflationary downward spiral. The economic crisis also has a serious 
effect on the balance sheets of banks. The value of liabilities tends to be fixed in nominal 
terms. The bank has to give the depositors money back, come what may. The value of a 
bank's assets (the loans it has extended) is determined by the ability of (the bank's) debtors 
to pay back their debts. The ability to pay back debt depends not only on the real growth 
rate in the economy (when the economy is growing, companies and individuals find it easier 
to pay back debts), but also on the inflation rate. Inflation erodes the value of debt over 
time155. Negative real growth and negative inflation erode the ability to pay back debts and 
thus can lead to further defaults, further reductions in net asset value of banks and further 
falls in prices or in output. This vicious circle of a debt-deflation is described in detail for 
example by Fisher (1939).

155Assuming that other things (and in particular the nominal interest rate) are equal. In principle, one could compare 
the effect of inflation on debt keeping the real interest rate equal; in this case, inflation does not have any effect, 
because we would be implicitly assume that the interest rate would be pushed up to counteract the inflation rate. 
However, there is a nominal floor on interest rates at zero percent, and, in a deflationary situation, the real interest 
rate could be constrained in nominal terms – making the original comparison valid. 
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Classification of Recessions
Here a classification of different types of recession is attempted156: 

The  most  common  recent  type  of  recession  (post-war  period,  1979-81,  1990-2)  could  be 
characterised as macroeconomic policy recession, induced by monetary or fiscal policy introduced 
to fight inflation.  Another type of recession is a business cycle recession (similar to a 'predator prey' 
cycle) of stocks and investment overshooting and then retrenching. 

The final type of recession is to do with the assets and liabilities (liabilities) of individuals. When 
people feel suddenly much less wealthy they are likely to cut back on productive activity. A subset 
of these is when the balance sheets of financial institutions is impaired -  when banks take serious 
losses and are constrained to lend. A final sub-subset of this final type of recession is one when the 
banks are in such trouble that the government takes full or partial ownership of them. In this case 
any losses on loans are directly transmitted to the government.  An important feature of  balance  
sheet recessions is that a proximate cause of them is a drop in the market value of assets, whereas 
the value of liabilities is unchanged. Certain actors may see extreme shifts or even reversals in their 
net worth. One way to get out of these recessions is to increase the value of assets through monetary 
policy (interest rate cuts and printing money to buy financial assets) or fiscal policy (purchase of 
physical assets). Reducing the nominal value of assets can in these cases make the recession worse. 

A worse form of balance sheet recession is a  financial institution balance sheet recession. In this 
case, the credit worthiness of financial institutions induces an inability to lend, which reduces asset 
values and so makes the credit worthiness of the institutions worse. In this case reducing the value 
of houses  can lead to  the banks becoming further  impaired.  Such recessions can lead to  great 
depressions if global in scope. If the net worth of the banks becomes negative, banks will need to be 
taken into state ownership or control, leading to a financial institution balance sheet recession with  
government ownership of the banks. If repossessions are widespread, a loss of value in houses can 
be reflected almost directly in losses for the government.

In 'traditional' forms of recessions, bankruptcies can have a 'cathartic' effect, by removing excess 
capacity and readjusting prices.  In the current  recession it  should be noted that  every financial 
institutions debt is another financial institution's asset. Bankruptcy of all of the financial institutions 
is likely to be severely disruptive.

Future Prognosis
Without intervention: a self perpetuating crisis?  The effects of the credit crunch may be self-
perpetuating, and large losses cannot be ruled out in the absence of a strong policy response:

• House prices are linked to the availability of funds and the interest rate. House prices are 
also affected by expectations of future change ('momentum'). Major further losses on 
mortgages are possible if house prices fall and the economy enters a major recession.

• Major bank losses on corporate lending are possible if the recession is serious and the 
nominal growth rate is low or negative. Major bank losses on international lending are 
possible, but assumed to be largely out of our control.

The Banks' Problem or the Government's Problem? Once bank losses have eaten through bank 
capital they must inevitably fall on the depositors or the government. In order to prevent a run on 
the banks, it is likely that the government would have to guarantee deposits, in which case the 
losses of the banks (after the shareholders and unsecured creditors have lost their 
investments) would fall mostly on the taxpayer. 

156The terminology here is the authors and may be non-standard



Discussion: Lessons & Principles

Five Principles of an Effective and Equitable Solution
Principles 1 & 2: Get out alive but also ensure the crisis does not reoccur. It is clear that the 
current financial and economic crisis is very serious. In dealing with an emergency of any type; 
there are two main objectives. Firstly, 'get out of the crisis alive'; Secondly, 'ensure that the crisis 
doesn't happen again'. It may in principle that the short term solutions are different (or indeed even 
opposite) to the long term solutions. In any case, we need to consider each part separately. Policies 
should not be rejected if they satisfy only one of the criteria. My focus immediately is getting out 
alive; however, we should also now be thinking about long-term cures.

Principle 3: Where possible, transactions between the government and banks should be fair.  
Banks should not be subsidized, nor unfairly taxed. A fair exchange does not increase net worth 
except at the expense of the other party. Institutions with negative net worth cannot be turned into 
institutions with positive net worth except by a capital infusion or a pure subsidy. Government 
efforts to support near-insolvent banks are likely to be ineffective if they do not increase the bank's 
net worth. The government is correct to invest in banks.

Principle 4: Depositors money should, if possible, be protected (in the following of procedures 
or other actions of the state). If people cannot trust that they put their money in the bank it is safe, 
this would have three consequences: Firstly, the losses on 'safe' money would continue to ripple 
through the system leading to a series of domino effects on other banks. Secondly, a lack of 
confidence could cause a run on the banks, and the banks do not have sufficient money in order to 
continue. Thirdly, one of the pillars of trust in our society would collapse. Protecting trust requires 
that the interests of depositors should be protected. Depositors should be given their money back.

Principle 5: In cases of fraud, due procedure should be followed. If fraud has occurred 
institutions should be reorganised and taken under control of the regulators. Normal procedure (i.e. 
the rule of law) should be followed. Insolvent banks should be wound down using standard 
procedures, restructuring the unsecured creditors. Whether the banks are solvent or not is in 
principle a market decision, not a government one. General procedures written in law should be 
used, without the influence of  special cases. If banks are insolvent they to be brought into 
government ownership (100% government owned) and the top level of management replaced. 
Junior bondholders of banks should be swapped for equity. Unsecured creditors should be converted 
to equity in a process of 'restructuring'. The remaining rump bank would amount to an essentially a 
high-risk high-return investment fund.

Four Lessons from the Preceding Analysis
Lesson 1: Supporting the existing banks is a good short-term palliative. It has prevented the 
banks from immediately going bankrupt, and has therefore (temporarily) protected depositors 
money.  The short term crisis in confidence has led to a seizing up of the financial markets, and a 
breakdown in trust between the banks , so that they are reluctant to lend to one another. The 
measures to support the banks have been successful at preventing the immediate collapse of the 
financial system (runs on the banks etc.). The underlying profitability of the banks may help them to 
rebuild their capital positions. However, in the long run, further market power with a few banks will 
lead to even further 'financialization' of the economy.

Lesson 2: Supporting the existing banks may be an inefficient, ineffective and inequitable way 
to promote new lending or to support the economy generally in the long run. Anything other 
than direct subsidies or recapitalisations will not change the net asset value of the bank. A bank with 
uncertain assets will hoard cash and is unlikely to be trusted by potential depositors.



Lesson 3: The future outlook for the banks depends largely on the macroeconomic climate. 
The balance sheets of some banks may recover if nominal growth in global GDP is positive. Most 
banks make a healthy profit before bad loans. If these profits are retained, then over time their 
balance sheets will recover, so long as the factors leading to bad loans are not repeated. 
Nevertheless, insolvent banks may also continue to lose money, especially if nominal growth in 
global GDP is low or negative. In general organisations with negative net worth are likely to lose 
further money over time, because the value of their assets is negative and because the bank is 
unlikely to be able to arrange good terms with other market participants.

Lesson 4: Macroeconomic (and, if possible fiscal) policy should, in the short term, be strongly 
expansionary: Since bank losses and credit constriction are largely self-perpetuating problems, 
there is an incentive to keep the economy 'afloat' by strongly expansionary macroeconomic policy.

The Role of Keynes and Fisher
The work of John Maynard Keynes is pertinent to getting out of this crisis. Keynes wrote his 
book The General Theory of Employment, Interest and Money in the time of the great depression, 
publishing it in 1936. Keynes' work is intended to be 'general' in the sense in which it deals with the 
economy in a number of different conditions. Keynes viewed 'classical' economics as merely a 
special case; the case, broadly, when the economy is operating under full capacity. The insights of 
Keynes therefore differ most markedly to those of the classical economists in recessions, and in 
particular in deep recessions and deflations where both output and prices are declining. 

Irving Fisher's work on debt-deflations is also extremely relevant to the current situation. 
Fisher described how deflation could make depressions that were originally caused by bank failures 
even worse.

Three Further Lessons from Keynes and Fisher
Lesson 5 (Debt Deflation): If highly indebted, avoid deflation like the plague. Debts get worse in 
deflation. 

Lesson 6 (Paradox of Thrift): The approach to individuals (if you are in debt, save more) don't 
apply to the nation as a whole

Lesson 7 (Liquidity Trap): As interest rates approach zero, monetary policy becomes ineffective - 
Fiscal policy is needed. Avoid Deflation: As deflation kicks in, real interest rates (interest rate minus 
inflation) rise.



The Current Approach
There have been the following commitments (the banking 'bailout') in the UK

• A Special Lending Facility of £185bn
• Bank recapitalisations of £50bn
• Quantitative easing of approximately £150bn
• Interest rates cuts
• Tax cuts (e.g. VAT)

Considering the words and actions of the UK government, the following objectives can be 
discerned157:

1. An expansionary monetary position, increasing the amount and reducing the cost, of new 
lending to UK businesses and companies

2. Prevent a run on the banks
3. Protect deposits from possible insolvency of the banks

These objectives are laudable158. To these should be added: 
4. Protect the long-term fiscal position of the taxpayer.
5. Protect the position of the UK as a whole on the international markets

157The basic underlying objectives of sound economic management are to ensure a stable inflation rate. Additional 
points might include smoothing the economic cycle, avoiding 'boom and bust', and to conduct a prudent fiscal 
policy.

158 Good crisis objectives might be:
1) Increase finance to companies and individuals, and increase the amount of 'good' money in the economy*
2) Make concrete implicit guarantees of private domestic & other bank deposits
3) Avoid the socialization of private losses & risks
4) Limit the potential liability of the sovereign / taxpayer



Options for Resolution

Enhanced Liquidity
One function of the authorities generally is to provide liquidity to the markets. I'll call this role 
'bigbank'. Bigbank's lending should be to other creditworthy institutions. It should it insure the loans 
it makes against the risk of default where possible, by buying credit default protection in the open 
market. Bigbank's role is to provide 'bridging loans' to other banks who might have temporary 
liquidity problems due to speculative attack. Bigbank could (say) have around £100bn of capital. 
The government providing the initial capitalisation, by buying shares, or by guarantee. So long as 
the risks on the loans that it makes can be adequately insured, Bigbank can lend many times its' 
capital. Bigbank can act commercially, by providing loans at rates that account for the inherent 
(although not the speculation-induced) riskiness of lending (because now-solvent institutions might 
become insolvent in the future). The main role of Bigbank is to offer liquidity and thus defend 
solvent institutions against speculative attack. 

Insuring Against Systemic Risk
A new organisations could be created to formalise and eventually commercialise the government's 
role as 'lender of last resort' and 'insurer of last resort' to financial institutions. I'll call this institution 
'Biginsure'. Biginsure's role is to be an 'insurer of last resort'. Biginsure will insure Bigbank against 
its counterpart going bust, if no other insurers can be found. Big insure could also insure against 
other major risks where at present. the government provides a guarantee (e.g. terrorism, natural 
disasters). Biginsure would be well capitalised, in order to cover quite large potential risks. 
Biginsure could grow (e.g. from an initial size of £100bn of government-owned shares to a size of 
£1tr) by selling shares to the public, so spreading risk broadly.

Dealing With Insolvency of Existing Banks 
It seems now that the banks are not solvent; at least they will not be solvent in the foreseeable and 
credible event of further major losses on their assets (their loan books). What to do with insolvent 
banks is difficult.  Fundamental way to deal with the banks include Bankruptcy, Restructuring, 
Nationalisation or 'propping them up'?

At one extreme is full bankruptcy and liquidation of the bank's assets. If a company is insolvent, 
generally they are  declared bankrupt. The bank would be wiped out and its assets distributed to the 
creditors. One example of this approach is the bankruptcy and liquidation of Lehman brothers. 
Bankruptcy has risks; the main one being the huge 'costs of financial distress'. A bank has a lot of 
offsetting contracts of various kinds. Sorting out this huge complexity of this may lead to lots of 
money for lawyers. 

Somewhat in the middle is restructuring of the existing banks. The bank's bondholders would see 
their debt swapped for equity. This is an important solution that doesn't seem to have been tried 
sufficiently.

At the other extreme is nationalisation with full reimbursement of those who have deposited 
money. The issue with this is that the banks may have very large credit risks, and the UK sovereign 
may not be able to bear all of these risks.

A final option is 'prop up', by implicit subsidies, recapitalisations and increases in monopoly power. 
This has largely been the route taken by the UK and US. This route has important advantages. The 
dangers of this approach include increased financialization and regulatory capture.



Discussion
The most straightforward way to solve the current crisis is bank nationalisation. There are a few 
reasons why the government might not want to take this path, one of which is the large overseas 
assets and liability of UK-based banks. The sovereign has limited fiscal credibility; the key to 
avoiding future hyperinflation is not biting off more than it can chew. It should focus on the UK and 
on creating a 'good bank' to promote future lending.

The recapitalization of UK banks seems to have been a good plan. The systemic collapse of the 
banking system was forestalled. Of course, most of that money went into a black hole. But the 
government did end up by owning large parts of the banks' equity, which might be worth a lot in the 
future if the banks recover. £37 billion for pure upside on say £2trillion of assets isn't too bad a 
deal. And having an equity stake is clearly not the same as guaranteeing the banks liabilities for 
free. Limited liability still applies.  
However, the government obviously has certain responsibilities in the UK banking system - it needs 
to guarantee the deposits of UK savers, and it needs the banks to lend enough to keep the economy 
going.

To summarise, the UK government has two clear requirements, both UK based
a) 'Get lending going again' to UK individuals and companies
b) Guarantee the deposits of UK individuals, charities and (probably) companies

Separate Good Assets From Bad?
After nationalisation, often it is proposed to separate those of the banks assets (which are the loans 
that it has written) into those which are from creditworthy institutions (good assets) and those which 
are from borrowers who are financially distressed and therefore may be unable to pay back their 
loans (bad assets). The bank in other words is separated into a 'good bank' and a 'bad bank'. Both the 
good bank and the bad bank would then be owned by the government, but the good bank could be 
re-privatised and the bad assets in the bad bank could be sold off once the economy recovers. This 
is the often quoted 'Swedish Model'. The important principle of good-bank/bad-bank is that of 
separation between the old bad assets and the new lending. Bad banks are equity investments. They 
contain assets but no lending capability. They contain the assets of the loans which are not capable 
of being paid back. The advantage of the government buying the 'good bank' first, is that 
systemically important assets (UK depositors, interbank lending) can be transferred into the public 
sector first.

Recapitalizing the Banking System by Creating Good Banks 
There are broadly three objectives to recapitalizing the banking system:

1) Increase finance to companies and individuals, and increase the amount of 'good' money in 
the economy

2) Make concrete implicit guarantees of private domestic & other bank deposits
3) Limit the potential liability of the sovereign / taxpayer; and avoid the socialization of private 

losses & risks

These objectives can be achieved by a transaction that involves:
a) Buying the branch networks of the major UK banks (needed to 'get lending going') 
b) At the same time, taking on the liabilities of the domestic depositors
c) Taking on the 'good' assets in the corporate lending and mortgage book

The old banks would be left with more cash (from being able to sell some of their tangible assets). 
This would leave a de leveraged, cash-rich rump (including in effect an overseas lending unit) 
which might die slowly.



HBOS would be a good example. The government should take on the branch network, and the 
brand and the domestic depositors (liabilities), and the good parts of the domestic mortgage book 
(assets); but none of the 'toxic debt'. This would then be a 'good bank'. The government could then 
progressively sell stakes in the 'good bank' to private investors. The main risk for this plan, would 
be that if only some of the branch networks were bought, there might be a run on the other, 
privately owned banks.

There would still remain the question of what to do with the remaining 'bad bank'. Few might lend 
to it; but in any case few are lending to the big banks now anyway. Bankruptcy is one option, but it 
usually involves plenty of money for lawyers.

New lending must be separated from existing lending. Current government thinking suggests that 
we need a government-backed good bank much more than we need a government-owned bad bank. 
And taking on the bad assets is socialising private risks - not a good idea. Better to create the good 
bank first, including both high-street and capital-markets elements. Use the good bank to get 
lending going and to 'look to the future'. The remaining bad bank would be cash rich with a more 
volatile and non-domestic balance sheet and fewer tangible assets. It would have in effect a skeleton 
team remaining. If insolvent it would wind itself up naturally.



Appendix A: Definitions of Financial and Economic Terms
Cash: Notes and coins of currency in general circulation.

Money: Item used as a unit of exchange. Typically includes cash and other assets.

Law: Rules governing conduct enforced by governments.

Legal person: Individuals (natural persons) and companies (who can act as persons under law)

Contract: Obligation between two legal persons under law.

Debt: A contract providing money (from a lender to a borrower) that must be repaid in full, usually 
with interest.

Principal: The original amount of money lent in a debt contract.

Interest: The additional money repaid in addition to the principle in a debt contract.

Asset: An item of property or right (e.g. to future payments) owned by a person or company 

Liability: The debts or other money obligations of a person or company. 

Profit: The surplus of a company's operations. Excess of revenues and asset appreciation over costs 
and asset depreciation 

Loss: A negative profit.

Shares/Equity: Ownership rights of a company typically entitling the owner to share in dividends 
and vote on the direction of the company

Dividends: Profits distributed to shareholders

Retained earnings: Profits not distributed to shareholders.

Shareholder equity: Net asset value (Assets minus Liabilities) of a company (e.g. a bank). Valuation 
of a company's equity can take two main forms:

• Market valuations: the amount of the whole company as imputed from the traded price of 
shares of that company.

• Accounting (book) value: the total sum of the contributions of the shareholders plus net 
retained earnings

Retained Earnings: Profits not paid out as dividends

Goods: Discrete physical objects valued by someone.159

Bads: Physical states that are disvalued by someone. 

Capital: Accumulated wealth of an individual, company, or community, used as a fund for carrying 
on fresh production; wealth in any form used to help in producing more wealth. 
159Goods can be consumable or non-consumable; perishable or non-perishable. Producing goods requires certain 

things commonly known as factors of production:



Production160 Transformation of resources, labour, and other goods into useful goods.161 

Resource: Anything that is useful

Factor of Production: Resource needed in order to produce goods

Labour: Human time and physical effort used in the production of goods and bads.

Land: Area of the surface of Earth (esp. when used in production).

Economic land: Factor which is completely fixed in supply. Radio spectrum is another example of 
economic land, as is the amount of space in geosynchronous orbit. Land can be occupied for a 
particular amount of time, but can only in special cases (e.g. inundation) be consumed entirely. 

Natural Resource: Other gift from nature.  Typical examples are oil, coal, natural gas, and ancient 
rainforest.162 These can be entirely used up by transformation. Other gifts from nature include the 
air, water, forest and soils. The quality of these factors can be changed, by human or other 
degradation.  

Pollution: Reduction in quality of air, water, forests and soils and other natural resources through 
human activity

Capital163 goods: Those that are used to production other goods, e.g. factories, machines and tools 
(also known as 'physical capital')164

Investment: Production used to create capital goods 165  

Depreciation: Reduction in quality of capital goods over time.

Consumption: Production and use of consumption goods

Consumption goods. Goods that can be used up for human purposes (e.g. food). 
Some consumption goods are produced but not immediately used up. This is known as 'stock 
building'.  

160Similarly income
161Production requires land and labour. The quantity and quality of production can be enhanced by the use of capital. 

Production is a flow. In general production can be consumed (ie used up to maintain health or for enjoyment) or 
invested. 

162The supply of resources is not totally inelastic, if the price rises, more can be found in more difficult or low-quality 
areas. 

163The word 'capital' (alone) is often used incorrectly to mean “money and other financial assets which can be used to 
make more money and financial assets” and so is here avoided.

164Some (e.g. see Ekins) have expanded the idea of capital to include human capital (e.g. the education of the 
population) and natural capital (natural resources) and social capital (networks and organisation).

165For an interesting perspective, please see Costanza's article (1980, Science). Constanza adds government and 
individual consumers to the standard input/output tables (Leontif & Stone). Then the output of society is capital 
goods. 



Appendix B: Further Information on Valuation
Up to now, we have not been able to put different classes of goods together into a single measure. 
Wealth could include the diverse set of one's car, house, etc; production could include cars, food and 
televisions, but we never put these things together into one measure. We can attempt to put these 
things into unified measures by valuation.

Valuation typically involves counting goods and pricing them (pricing means to value things 
relative to other things). Valuation typically requires a basis; one example of a basis166 that can be 
used is monetary value (another could be hours of time or pints of beer). 

Valuation can be made by an individual, by the market (see below), by accounting rules, or by 
society (in some non-market or market-adjusted way). Each of these three valuations will produce 
different values for items. Private values are those which are given on goods by an individual 
person and which presumably drive that person's behaviour. Market values167 are the prices seen in 
the market; presumably, the price that is simultaneously that willing to be paid for an additional 
item and that at which an additional item could be produced.  Accounting (or book) values are those 
at which an asset is measured according to certain rules. For example, in business the accounting 
value could equal the amount paid for an asset, depreciated according to certain rules; or the amount 
for which this asset could be sold. It may be good practice for society to put a value on the various 
assets, so as to understand whether a net profit is being made in any activity.168

It is important to distinguish between a change in the quantity or quality of a set of goods and 
services from a change in the prices used to value something. A change in nominal market value of 
a bunch of goods could be caused by:

1. Change in the value of money relative to goods (overall169 price-inflation/disinflation)
2. Change in relative prices of a fixed bunch relative to other goods (change in relative prices)
3. Change in the real quantity/quality of this bunch of goods (change in quantity or quality)

Up to now, we have spoken only about the valuation of goods and services. Goods and services are 
valued according to some basis, usually money. Present and future rights and obligations can also 
be valued. The valuation of future financial flows is usually achieved using 'discounted cash flow' 
analysis, which assumes that money can be lent or borrowed at certain rates of interest.

The overall value170 of the assets of an individual, company, country or planet can then be assessed 
by one of the methods above (typically market or accounting prices), giving an 'value of assets'. The 
value of liabilities can also be assessed in financial terms giving 'value of liabilities'. The two values 
put side by side is called a 'balance sheet', and the value of assets minus the value of liabilities is 
called the 'net asset value' or 'net worth'.171

166The technical word is 'numéraire'
167Also known as 'exchange value'
168One implicit assumption is that valuations are separable: ie the value of my cat plus that of my mouse are equal to 

the value of the two put together. This may not always be the case; we may have to value interactions. The most 
important example of this is so called 'social capital'.

169Typical measures of price inflation e.g. 'retail price inflation' 'GDP deflater' may be inappropriate here. The 
traditional meaning of the word inflation is 'quantity of money' but this is also not appropriate to this context, since 
all prices can change due to shifts in expectations rather than in a change in the quantity of money. This would not 
increase total wealth, but it would increase the value of all goods relative to the stock of money.

170Either according to accounting rules, or according to market prices.
171For a financial institution, the net worth of an institution is that which allows it to make further loans and therefore 

profits. Since the financial institution deals in money and claims over money (rather than goods); capital is 
sometimes defined as that which allows it to make more money. For the perplexed: Financial Capital (for a bank or 
other financial institution) = Net Asset Value



Appendix C: The Balance Sheet of The UK Government and The Major 
UK-based Banks

The UK Government
Gross government debt is a stock of how much the government owes the private sector. 

• The value of gross public debt is about three quarters of a trillion pounds (£774bn); the net 
debt about £600bn) http://www.hm-treasury.gov.uk/psf_statistics.htm

• Pensions liabilities could be added to this (maybe about 
£530bn). http://www.telegraph.co.uk/finance/2944530/National-debt-may-soar-above-
andpound1,000bn.html

• PFI liabilities are around £60bn (capital value)-£180bn (total repayment) 
• So it seems that roughly speaking, the UK public debt is around  £600+£530+£100 or 

£1.2trillion. This is a stock. (UK GDP (a flow) is about £1.5 
trillion. http://www.statistics.gov.uk/STATBASE/tsdataset.asp?vlnk=574&More=N&All=Y . 

Therefore the total UK public liabilities are about 80% of the flow of income into the British 
economy. To make the stock and flow comparable if we paid a 5% interest rate, interest payments 
would be around 4% of GDP.)

The Major UK-based Banks
Now let's compare with the balance sheets of the banks 
 
Lloyds TSB - http://finance.yahoo.com/q/bs?s=LYG&annual Assets of £706bn, Liabilities of 
£681bn. (net assets of £25bn). 
HBOS- http://www.hbosplc.com/investors/results/sfs/2004/balancesheet.htm Assets £442bn, 
Liabilities of £370bn
Barclays - 
http://www.investor.barclays.co.uk/results/2005/annualreport/annualreview2005/summaryconsolida
tedbalancesheet.htm Assets £924bn; Liabilities £900bn.
RBS - http://finance.yahoo.com/q/bs?s=RBS&annual Assets of $3.8tr Liabilities $3.7tr 
(this has jumped from assets of $1.7tr liabilities of $1.6tr at the end of 2006).

Summary
As can be shown by the table below, the liabilities of the banks are large in comparison to the UK 
existing public debt (£700bn). It is risky for the government to write the banks an unlimited cheque. 
In the next section I will outline a proposed solution that does not involve unlimited liability for the 
government.

Public Liabilities Gross Bank Liabilities (in brackets, the loss 
incurred for a 10% fall in asset values due to 
bad debt)

UK Gross Public Debt £770bn Lloyds TSB £680bn (£71bn)
Public Pensions £530bn HBOS £370bn (£44bn)
PFI £100bn Barclays £900bn (£92bn)

RBS $3.7tr ($380bn)
Total Gross Public Debt £1400bn
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