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Abstract

De-carbonising Electricity is a key component of Climate Change Mitigation. Most of the projected emissions reductions from new Nuclear Power and Carbon Capture and Storage will be for the period after 2030. Those technologies that are proven and ready should be deployed in earnest, especially if they are simple and cheap.
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1. Introduction

The Technical Summary from Working Group III (Mitigation of Climate Change) included in the Fourth Assessment Report of the Intergovernmental Panel on Climate Change admits it doesn’t cover all Mitigation potentials (IPCC, 2007a, p. 93a), but it recognises that “all stabilization scenarios concur that 60-80% of all reductions would come from the energy and industry sectors” (IPCC, 2007a, p. 41a). 

Heat is rather absent in Chapter 4 on Energy Supply (IPCC, 2007b, p. 256; IPCC, 2007b, p. 305b), the detail mostly being delegated to other chapters, on Buildings and Industry (IPCC, 2007c; IPCC, 2007d). 

Where Chapter 4 excels is on the Mitigation potentials in Electricity. A cursory look at Figure 4.4  “Global energy flows” (IPCC, 2007b) reveals that Electricity is not only a major energy carrier, it is produced from a wide variety of (re)sources, and is supplied to all sectors of the Economy. 

This flexibility has made it popular (IPCC, 2007b, p. 282a), and has created and locked in dependency on Electricity (IPCC, 2007b p. 258). 

This presents a major Climate Change problem, as thermal generation is prevalent, and Coal is a major primary fuel source for this (IPCC, 2007b, p. 260a, p. 265a). 

Much is expected of Electricity. To avoid increasing Transport emissions from increasingly lower grade liquid fuels, electrification of public and private vehicles will be necessary (IPCC, 2007b, p. 305a; IPCC, 2007e, p. 325a, b; Helweg-Larsen T. & Bull J. “Zero Carbon Britain”, 2007). 

Some Heating needs of the future will inevitably also be Electrical (Turner A., 2009; Leonardo Energy, 2007). 

Electricity is a major boon to Economic Development in unindustrialised regions (IPCC, 2007b, p. 261). 

Here, however, concentration will be placed on industrialised and industrialising regions (IPCC, 2007b, p. 263), and the best means to de-Carbonise the supply of ever-present, highly adaptable Electrical energy despite increasing demand.

2. Building the Big Picture

2.1 What’s Good Now versus Leave for Later

The IPCC Working Group III reporting in Chapter 4 “Energy Supply” of the Fourth Assessment Report use 2030, the end of the “second commitment period” envisioned by the Kyoto Protocol, as a cut off point in most of their projections for the immediate and short-term into the future, as do other agencies working on Energy which they reference as data sources (IPCC, 2007f, p. 3).

Some technologies, with theoretically high Mitigation potential, are mostly or totally consigned to the “post-2030” bucket, such as Generation IV Nuclear Fission reactors (IPCC, 2007b, p. 80), and most of the projected benefits of Carbon Capture and Storage (IPCC, 2007b, p. 290). 

There are strong caveats for these technologies within the timeframe to 2030, mainly owing to cost (IPCC, 2007b, p.284a, b; IPCC, 2007b, p. 294a) and technological or deployment engineering “infancy” (IPCC, 2007b, p. 284a; IPCC 2007b, p. 286a, b, IPCC 2007f p. 10); yet other factors may come into play even after 2030, making some technologies more “transitional” than truly sustainable (IPCC, 2007b, p. 282b; IPCC, 2007b p.285).

2.2 Risks to the Progress of Technology

Until recently, all forms of “fossil” Energy have been underpriced, not taking into account the social cost and environmental damage of Carbon Dioxide emissions, putting Mitigation technologies at a commercial disadvantage (IPCC, 2007a, p. 36; IPCC, 2007b, p. 290). 

Yet, despite the obvious attraction and rationality behind Carbon Taxation or Carbon Trading (under a Cap), we are no nearer knowing if Carbon Dioxide emissions can be effectively controlled or efficiently priced in a commoditised framework (IPCC, 2007g, p. 204; IPCC, 2007b, p. 309).

Added to that, some Energy technologies may have reached their “upper end of the S-Curve” improvement potential; that is, the Laws of Physics may rule out many theoretical efficiency improvements as fanciful (Abbess J., 2009)

A wide variety of risk factors is hinted at or explicitly written in the Working Group III chapters of the IPCC Fourth Assessment Report, and these should be considered as risks to the progress of the technologies, and therefore risks to Mitigation potential from those technology options.

2.2.1 The Assumptions around Costing Carbon Out

In the IPCC’s Fourth Assessment Report, significant “Gaps in knowledge” centre on the lack of evidence regarding Economic means of bringing about Climate Change Mitigation (IPCC, 2007a, p. 93b)

There is a clear acceptance that what may be technically feasible, may not be economically viable, with discussions on “market potential”, “technical potential” and “economic potential” (IPCC, 2007f p. 35).

Despite the best efforts of all theoreticians and economists since the debate about Carbon pricing began in the mid 1980s, until now the European Union Emissions Trading Scheme has been somewhat of a “wipeout” (CarbonTradeWatch, 2009; FEASTA, 2007; Open Europe, 2007). Regulatory measures may have more impact on emissions reductions intra-sector (IPCC, 2007b, p. 309).

2.2.2 The Assumptions around Costing Deployment

“Big ticket” centralised energy construction projects are generally considered the realm of private capital, going forward. However, there are some technologies that probably won’t come into being without State support (IPCC, 2007a, p. 47; IPCC, 2007b, pp. 294a, 305, 308). 

It is also worth considering that a number of economic factors may interact and conspire to create “spiralling costs” for large public works, as has been seen in a number of a variety of infrastructure projects worldwide (Greenpeace, 2009; The Independent, 2009).

For example, there are still “flame wars” about the actual net cost of the last half Century of Nuclear Power, and there are a number of projections that calculate future deployment to be substantially yet more costly (IPCC, 2007b, p. 260b; earth2tech, 2009).

The reasons for this are connected to the future costs of Carbon Dioxide emissions, as construction of Nuclear Power plants will have to pay market prices for the emissions of the build phase and decommissioning stage (IPCC, 2007b, p. 269; van Leeuwen J. W. S. and Smith P., 2007).

Also, radioactive waste disposal is still not resolved for radioactive by-products accumulated to date, and this will clearly affect the projected costs of new build (New Civil Engineer, 2005).

2.2.3 The Assumptions around Increasing Efficiency

It cannot be assumed that the efficiency of any technology can be increased significantly. There are limits to the Laws of Physics and, more importantly, to engineering accomplishment (Cambridge University Department of Engineering, 2008).

Most technologies experience an “S-Curve” of improved efficiency : slow to make progress at the start; followed by a period of rapid improvement; ending up with a levelling off in gains (Asthana P., 1995).

For example, it took roughly 100 years for Coal-fired electrical generation to improve in fuel efficiency to a level of roughly 30% to 35% in the 1950s (Power Engineering, 2009; Risoe, 2003, p. 2), the current efficiency of Coal-fired power worldwide is estimated at around 31% (EurActiv, 2006); supercritical plants can only take this up to around 41% - 43% (IPCC, 2007b, p. 302); and the most radical untested designs only anticipate efficiencies of around 50% (IPCC, 2007b, p. 265b; Risoe, 2003, p. 8, E.On, 2009). Coal is not that clean, and it probably never will be, and even if it does get any cleaner, the process will be slow.

Working Group III in the IPCC Fourth Assessment report do call for the most modern Coal plant (IPCC, 2007b, p. 265a), but the Mitigation potential is often higher from fuel switching (IPCC, 2007b, p. 294b)

2.2.4 The Assumptions around Full Development

It is possible that not all proposed technologies will be taken to full development. For example, there are a number of factors due to the limitations of engineering, that have held back the realisation of Nuclear Fusion power (IPCC, 2007b, p. 271).

And there are still concerns about various aspects and modes of Carbon Capture and Storage that could demonstrate limitations, and weaken the technology as a “weapon of choice” against Carbon Dioxide emissions (IPCC, 2007b, p. 296a, b).

2.2.5 The Assumptions around Deployment Scale

It is possible that not all proposed Mitigation technologies are deployed on the wide scale predicted for them. A likely example of this is the Hydrogen Fuel Cell-powered vehicle (IPCC, 2007b, p. 284a).

2.2.6 The Assumptions around Economic Growth and Energy Expansion

The projections from Working Group III continue to factor in the notion of continued Economic Growth well into the future (IPCC, 2007b, p. 300). These figures are based on the work of the International Energy Agency. 

However, the IEA and others are now admitting downturn in Petroleum Oil production, which could seriously impact Economic Growth, as industrialised countries are dependent on Petroleum Oil (The Oil Drum, 2008; The Guardian, 2009b). 

3. The Big Wins (Low Hanging Fruit)

Given that there are risks to the progress of technology (Section 2), it becomes a straight forward matter to pick the “big wins” or “low hanging fruit” from the options presented by Working Group III, for the period to 2030, as the Technical Summary does (IPCC, 2007a, p. 41b) based on the scenario modelling of Chapter 3 “Issues related to mitigation in the long-term context” (IPCC, 2007g).

These are those technologies that are already highly developed, widely deployed and to a large degree “low-cost” or even “cost-negative”.

In the period to 2030, from the four models selected, the chart shows that Energy Efficiency and Energy Conservation would have the highest impact, which are strongly related to Electricity; followed by non-CO2 measures which are largely not related to Electricity. 

Following this is the significant tranche from Renewable Energy technologies, largely related to Electricity. 

A considerable impact could be achieved by Fossil Fuel Switching, switching Electricity generation out of coal, principally, in thermal power plant. 

Although a projected increase in Nuclear Power is modelled as providing useful CO2 reductions, the risk factors determined in Section 2 above should prevent us from having firm confidence in a large series of new Nuclear build.

In the period to 2100, the predominant Greenhouse Gas emissions savings modelled are in Renewable Energy, Energy Conservation and Efficiency; with some contribution to Mitigation from Non-CO2 sectors. 

Carbon Capture and Storage is modelled as having about the same Mitigation potential as Non-CO2 efforts, but bearing in mind the risk factors determined in Section 2 above, it is possible that CCS never really makes it off the starting blocks.

Of note : Fossil Fuel Switching and Non-CO2 efforts would not be able to make much gain after 2030, but Nuclear (bearing in mind the risks in Section 2) and Forestry are modelled as continuing to have potential to do so.

In other words, Fossil Fuel Switching is a once-off gain, as is much of the Non-CO2 work. You cannot swap fuels out of thermal electrical generation more than once, and so eventually it may be necessary to decommission plant before end of lifetime use. These would be the “stranded” “sub-prime Carbon assets” that Al Gore speaks of (Environment News Service, 2008).

Major Mitigation potential after 2030 continues to come from Renewable Energy, Energy Efficiency and Energy Conservation, with a Forestry component.

4. Making Good What We Can

Table 4.20 in Chapter 4 of the Working Group III submission to 4AR summarises the Mitigation potential of various measures to apply to a rolling programme of replacement of Fossil Fuel plant.

Working from a baseline of projected increase in Electricity demand, and looking at what can be substituted or “made good”, the Table and the accompanying text (pages 300 to 304) project emissions savings.

Emissions from electrical generation in 2010 are calculated as : 11.4 GtCO2-eq. Following demand projections, by 2030 this would be 15.77 GtCO2-eq.

Table 4.20 on page 302 offers us Mitigation potential of 3.95 Gigatonnes of CO2 equivalent if the Carbon price is $20 per tonne or below; 6.44 GtCO2-eq if the Carbon price is $50/t or below; and 7.22 GtCO2-eq if the Carbon price is $100/t or below.

That means that the total emissions from electrical generation by 2030 if the Carbon price is $20/t or less would be 11.82 GtCO2-eq; the total if the Carbon price were to be $50/t or less would be 9.33 GtCO2-eq; and the total emissions if the Carbon price were to be $100/t or less would be 8.55 GtCO2-eq.

However these figures must be treated to a certain amount of provisionality, not least because it is not yet clear if Carbon Markets can be made to work (see Section 2 for other risks).

Also, there are assumptions about the role that new Nuclear and CCS can play, but it is not yet clear if these technologies will be rolled out to the extent projected (see Section 2).

5. The Big Innovations

What happens if new Nuclear Power and Carbon Capture and Storage cannot, for whatever reasons, figure highly in our post-2030 world ? How could we compensate for these “missing” emissions reductions ?

The big concrete construction projects, the poisonous mining operations, the emissions-rich endeavours of the past could all be replaced by cleaner, quieter Electricity production.

Some of the concepts pointed to in the Working Group III reporting would use technology that already exists or is very close to production, of minimal complexity and maximal reliability.

Solar could power the world (IPCC, 2007b, p. 278), and solar thermal in every home could reduce the use of Natural Gas for heating space and water, in industrialised countries (IPCC, 2007b, p. 279), freeing up that Natural Gas for Electrical generation in the Fossil Fuel Switch from Coal (IPCC, 2007b, p. 264).

Simple systems for Energy Storage could revolutionise the penetration of Renewable Energy into the Electrical Grids, compensating for the natural variability of Wind and Wave Power (Dartmouth Wave Energy, 2009).

There are several serious plans to firm up and extend the European Electrical Grids with High Voltage Direct Current interconnectors, creating a “supergrid” that could bring in Renewable Energy from as far as the West Coast of Northern Africa (Claverton Energy Forum, 2009; DESERTEC Foundation, 2009).

Microgeneration in a model of Decentralised Energy could provide more of the replacement capacity which the new centralised Nuclear Power and new centralised Coal-fired plant were intended to provide, as long as it is regulated for (IPCC, 2007b, p. 288).

In time, we will get smarter about the way we use Energy, the way we balance load and supply; and the advent of the Smart grid, through Smart metering, could herald these changes (IPCC, 2007b, pp. 287, 289, The Guardian, 2009a, Helweg-Larsen T. & Bull J., 2007).
Glossary

CO2 = Carbon Dioxide

IPCC = Intergovernmental Panel on Climate Change

WG3 = Working Group III or Working Group 3

4AR = Fourth Assessment Report

GHG = Greenhouse Gases

C4 = Chapter 4

Mitigation (capitalised) = Climate Change Mitigation

Energy (capitalised) = the supply of energy

Electricity (capitalised) = Electrical power generation and supply

Economy (capitalised) = that construct of the volumes of money-determined trade, usually national or regional

Heating (capitalised) = the field of energy supply used for heating in all contexts

CSP = Concentrated Solar Power

ppm = Parts per million (by volume)

WEO = World Energy Outlook
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“The different scenario categories also reflect different contributions of mitigation measures. However, all stabilization scenarios concur that 60-80% of all reductions would come from the energy and industry sectors. Non-CO2 gases and land use would contribute the remaining 30-40% (see for illustrative examples Figure TS. 10). New studies exploring more stringent stabilization levels indicate that a wider portfolio of technologies is needed. Those could include nuclear, carbon capture and storage (CCS) and bio-energy with carbon capture and geologic storage (BECS)…”

page 41 (b)

“Figure TS.10: Cumulative emission reductions for alternative mitigation measures for 2000-2030 (left-hand panel) and for 2000-2100 (right-hand panel). The figure shows illustrative scenarios from four models (AIM, IMAGE, IPAC and MESSAGE) aiming at the stabilization at low (490-540 ppm CO2-eq) and intermediate levels (650 ppm CO2-eq) respectively.”

page 47

“Greater public and private investment will be required for rapid deployment of low-carbon energy technologies.”

page 93 (a)

“14 : Gaps in knowledge : Studies of costs and potentials : …The available studies of mitigation potentials and costs differ in their methodological treatment and do not cover all sectors, GHGs or countries. Because of different assumptions, for example, with respect to the baseline and definitions of potentials and costs, their comparability is often limited. Also, the number of studies on mitigation costs, potentials and instruments for countries belonging to Economies in Transition and most developing regions is smaller than for developed and selected (major) developing countries.”
page 93 (b)

“Links between climate change and other policies : A key innovation of this report is the integrated approach between the assessment of climate change mitigation and wider development choices, such as the impacts of (sustainable) development policies on GHG-emission levels and vice versa. However, there is still a lack of empirical evidence on the magnitude and direction of the interdependence and interaction of sustainable development and climate change, of mitigation and adaptation relationships in relation to development aspects, and the equity implications of both. The literature on the linkages between mitigation and sustainable development and, more particularly, on how to capture synergies and minimize tradeoffs, taking into account state, market and civil society’s role, is still sparse. New research is required into the linkages between climate change and national and local policies (including but not limited to energy security, water, health, air pollution, forestry, agriculture) that might lead to politically feasible, economically attractive and environmentally beneficial outcomes.”

IPCC 2007b
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page 256

“4.1 Introduction : …Approximately 45% of final consumer energy is used for low-temperature heat (cooking, water and space heating, drying), 10% for high-temperature industrial process heat, 15% for electric motors, lighting and electronics and 30% for transport.”

page 258

“The problem of ‘lock-in’ by existing technologies and the economic, political, regulatory, and social systems that

support them were seen as major barriers to the introduction of low-emission technologies in all types of economies. This has not changed…”

page 260 (a)

“Around 40% of global primary energy was used as fuel to generate 17,408 TWh of electricity in 2004…In 2005, hard coal and lignite fuels were used to generate 40% of world electricity production…”

page 260 (b)

“For nuclear power, investment uncertainties exist due to financial markets commanding a higher interest rate to cover perceived risks, thus increasing the cost of capital and thereby generation costs. Increasing environmental concerns will also raise the costs of obtaining permits. Conversely, surplus uranium supplies may possibly lower fuel prices, but this represents a relatively low fraction of generation costs compared with fossil fuel power stations.”

page 261

“Low electrification rates correlate with slow socio-economic development. The average rates in the Middle East, North Africa, East Asia/China and Latin America have resulted in grid connection for over 85% of their populations, whereas sub- Saharan Africa is only 23% (but only 8% in rural regions) and South Asia is 41% (30% in rural regions).”

page 263

“Primary energy consumption in the Asia-Pacific region due to continued overall economic growth and increasing transport fuel demand is estimated to increase by 1.0% annually over the period 2002-2030 in OECD Asia, 2.6% in China, 2.1% in India, and 2.7% in Indonesia...This will then account for 42% of the increase in world primary-energy demand.”

page 264

“Table 4.2: Generalized data for global energy resources (including potential reserves), annual rate of use (490 EJ in 2005), share of primary energy supply and comments on associated environmental impacts.”

page 265 (a)

“The demand for coal is expected to more than double by 2030 and the IEA has estimated that more than 4500 GW

of new power plants (half in developing countries) will be required in this period (IEA, 2004a). The implementation of

modern high-efficiency and clean utilization coal technologies is key to the development of economies if effects on society and environment are to be minimized”

page 265 (b)

“Most installed coal-fired electricity-generating plants are of a conventional subcritical pulverized fuel design, with typical efficiencies of about 35% for the more modern units. Supercritical steam plants are in commercial use in many developed countries and are being installed in greater numbers in developing countries such as China…Current supercritical technologies employ steam temperatures of up to 600ºC and pressures of 280 bar delivering fuel to electricity cycle efficiencies of about 42%…Conversion efficiencies of almost 50% are possible in the best supercritical plants, but are more costly…”

page 269

“The economic competitiveness of nuclear power depends on plant-specific features, number of plants previously built, annual hours of operation and local circumstances. Full life-cycle cost analyses have been used to compare nuclear-generation costs with coal, gas or renewable systems…including…investment (around 45–70% of total generation costs for design, construction, refurbishing, decommissioning and expense schedule during the construction period)…”

page 278

“Solar thermal power-generating plants are best sited at lower latitudes in areas receiving high levels of direct insolation. In these areas, 1 km2 of land is enough to generate around 125 GWh/yr from a 50 MW plant at 10% conversion of solar energy to electricity…Thus about 1% of the world’s desert areas (240,000 km2), if linked to demand centres by high-voltage DC cables, could, in theory, be sufficient to meet total global electricity demand as forecast out to 2030. CSP could also be linked with desalination in these regions or used to produce hydrogen fuel or metals.”

page 279

“Active systems of capturing solar energy for direct heat are used mainly in small-scale, low-temperature, domestic hot water installations; heating of building space; swimming pools; crop drying; cook stoves; industrial processes; desalination plants and solar-assisted district heating. The estimated annual global solar thermal-collector yield of domestic hot water systems alone is around 80 TWh (0.3 EJ) with the installations growing by 20% per year.”

page 282 (a)

“4.3.4.1 : Electricity : Electricity is the highest-value energy carrier because it is clean at the point of use and has so many end-use applications to enhance personal and economic productivity. It is effective as a source of motive power (motors), lighting, heating and cooling and as the prerequisite for electronics and computer systems. Electricity is growing faster as a share of energy end uses…than other direct-combustion uses of fuels…”

page 282 (b)

“Although CCS can play a role, its potential may be limited and hence some consider it as a transitional bridging technology.”

page 284 (a)

“Hydrogen fuel cells may eventually become commercially viable electricity generators, but because of current costs, complexity and state of development, they may only begin to penetrate the market later this century…”

page 284 (b)

“4.3.6 Carbon dioxide capture and storage (CCS) : The potential to separate CO2 from point sources, transport

it and store it in isolation from the atmosphere was covered in an IPCC Special Report…Uncertainties relate to proving the technologies, anticipating environmental impacts and how governments should incentivise uptake, possibly by regulation…or by carbon charges, setting a price on carbon emissions.”

page 285

“Estimates of the role CCS will play over the course of the century to reduce GHG emissions vary. It has been seen as a ‘transitional technology’, with deployment anticipated from 2015 onwards, peaking after 2050 as existing heat and power plant stock is turned over, and declining thereafter as the decarbonization of energy sources progresses”

page 287

“Existing infrastructure will need to be modernized to improve security, information and controls, and to incorporate low-emission energy systems. Future infrastructure and control systems will need to become more complex in order to handle higher, more variable loads; to recognize and dispatch small scale generators; and to enable the integration of intermittent and decentralized sources without reduced system performance as it relates to higher load flow, frequency oscillations, and voltage quality…New networks being built should have these features incorporated, though due to private investors seeking to minimize investment costs, this is rarely the case. The demands of future systems may be significantly less than might be otherwise anticipated through increased use of distributed energy…System management will be improved by providing advanced information on grid behaviour; incorporating devices to route current flows on the grid; introduce real-time pricing and other demand-side technologies including smart meters and better system planning.”

page 288

"4.3.8 Decentralized energy : Decentralized (or distributed) energy systems (DES) located close to customer loads often employ small- to medium-scale facilities to provide multiple-energy services referred to as ‘polygeneration’. Grid-connected DES are already commercial in both densely populated urban markets requiring supply reliability and peak shedding as well as in the form of minigrids in rural markets with high grid connection costs and abundant renewable energy resources. Diesel-generating sets are an option, but will generally emit more CO2 per kWh than a power grid system. Renewable-energy systems connected to the grid or used instead of diesel gensets will reduce GHG emissions...The European market is expected to expand following the 2003 Cogeneration Directive from the European Commission,"

page 289

“IT could provide a better quality product and services for customers, but in itself may not reduce emissions if say peak load is switched to base load and the utility uses gas for peaking plants and coal for base-load plants. It could, however, enable the greater integration of more low-carbon-emitting technologies into the grid. The intermittent nature of many forms of renewable energy may require some form of energy storage or the use of a mix of energy sources and load responses to provide system reliability.

page 290

"4.4.2 Cost analyses : ...There is a tendency for some countries, particularly where regulations are lax, to select the

cheapest technology option (at times using second-hand plant) regardless of total emission or environmental impact..."

page 294 (a)

“Mitigation in the electricity supply sector can be achieved by optimization of generation plant-conversion efficiencies, fossil fuel switching, substitution by nuclear power (Section 4.3.2) and/or renewable energy (4.3.3) and by CCS (4.3.6). These low-carbon energy technologies and systems are unlikely to be widely deployed unless they become cheaper than traditional generation or if policies to support their uptake (such as carbon pricing or government subsidies and incentives) are adopted.”

page 294 (b)

“4.4.3.1 Plant efficiency and fuel switching Reductions in CO2 emissions can be gained by improving the efficiency of existing power generation plants by employing more advanced technologies using the same amount of fuel. For example, a 27% reduction in emissions (gCO2/kWh) is possible by replacing a 35% efficient coal-fired steam turbine with a 48% efficient plant using advanced steam, pulverized-coal technology…Replacing a natural gas single-cycle turbine with a combined cycle (CCGT) of similar output capacity would help reduce CO2 emissions per unit of output by around 36%… Table 4.9: Reduction in CO2 emission coefficient by fuel substitution and energy conversion efficiency in electricity generation.”

page 296 (a)

“Before the option of ocean injection can be deployed, significant research is needed into its potential biological impacts to clarify the nature and scope of environmental consequences, especially in the longer term…Concerns surrounding geological storage include the risk of seismic activity causing a rapid release of CO2 and the impact of old and poorly sealed well bores on the storage integrity of depleted oil and gas fields. Risks in CO2 transportation include rupture or leaking of pipelines, possibly leading to the accumulation of a dangerous level of CO2 in the air…”

page 296 (b)

“Clarification of the nature and scope of long-term environmental consequences of ocean storage requires further research…Concerns around geological storage include rapid release of CO2 as a consequence of seismic activity and the impact of old and poorly sealed well bores on the storage integrity of depleted oil and gas fields Risks are estimated to be comparable to those of similar operations…For CO2 pipelines, accident numbers reported are very low, although there are risks of rupture or leaking leading to local accumulation of CO2 in the air to dangerous levels…”

page 300

“The baseline…By 2010…Resulting emissions are 11.4 GtCO2-eq. By 2030 the increased electricity demand …The fossil-fuel primary energy consumed for electricity generation in 2030 produces 15.77 GtCO2-eq of emissions…”

page 302

“Table 4.20: Projected power demand increase from 2010 to 2030 as met by new, more efficient additional and replacement plants that will displace 60% of existing plants at the end of their life. The potential mitigation

above the baseline of GHG avoided for <20 US$/t, <50 US$/t and <100 US$/tCO2-eq results from fuel switching from coal to gas, a portion of fossil-fuel generation being displaced by nuclear, renewable energy and bioenergy

in each region and CCS…Power plant efficiencies by 2030 : Coal : OECD 41%”

page 305 (a)

“Transport emissions of 6.7 GtCO2 in 2002 will increase under business as usual to 11.6 GtCO2 by 2030, but could be reduced by efficiency improvements together with the increased uptake of biofuels…This mitigation potential…could be partially offset by the increased uptake of unconventional liquid fuels…Their potential is

uncertain as, being more costly per litre to produce, they will be dependent partly on the future oil price and level of reserves.

page 305 (b)

4.4.4.4 Heating and cooling : The wide range of fuels and applications used for temperature modifications and the poor data base of existing heat and refrigeration plants makes the mitigation potential for heating and cooling difficult to assess… The mitigation potentials of CHP and trigeneration (heating, cooling and power generation) have not been assessed here.”

page 309

“Most regulations for air quality rely on limiting emissions of pollutants, often incorporating ambient air-quality guidelines or standards…Although regulations to limit CO2 emissions could be incorporated as command and control

clauses in most of the existing legislative schemes, no country has so far attempted to do so. Rather, emissions trading has emerged as the preferred method of effecting global GHG mitigation, both within and outside the auspices of the Kyoto Protocol…”
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page 325 (a)

“There is an ongoing debate about whether the world is nearing a peak in conventional oil production that will require a significant and rapid transition to alternative energy resources. There is no shortage of alternative energy sources, including oil sands, shale oil, coal-to-liquids, biofuels, electricity and hydrogen. Among these alternatives, unconventional fossil carbon resources would produce less expensive fuels most compatible with the existing transport infrastructure, but lead to increased carbon emissions (medium agreement, medium evidence).”

page 325 (b)

“When assessing mitigation options it is important to consider their lifecycle GHG impacts. This is especially true for choices among alternative fuels but also applies to a lesser degree to the manufacturing processes and materials composition of advanced technologies. Electricity and hydrogen can offer the opportunity to ‘de-carbonise’ the transport energy system although the actual full cycle carbon reduction depends upon the way electricity and hydrogen are produced.”

IPCC 2007f
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IPCC, 2007: Summary for Policymakers. In: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

page 3

“A. Introduction : 1. The Working Group III contribution to the IPCC Fourth Assessment Report (AR4) focuses on new literature on the scientific, technological, environmental, economic and social aspects of mitigation of climate change, published since the IPCC Third Assessment Report (TAR) and the Special Reports on CO2 Capture and Storage (SRCCS) and on Safeguarding the Ozone Layer and the Global Climate System (SROC). The following summary is organised into six sections after this introduction: [*] Greenhouse gas (GHG) emission trends [*] Mitigation in the short and medium term, across different economic sectors (until 2030) [*] Mitigation in the long-term (beyond 2030) [*] Policies, measures and instruments to mitigate climate change [*] Sustainable development and climate change mitigation [*] Gaps in knowledge.”

page 10

“Table SPM.3: Key mitigation technologies and practices by sector. Sectors and technologies are listed in no particular order : Energy supply : Key mitigation technologies and practices currently commercially available : Improved supply and distribution efficiency; fuel switching from coal to gas; nuclear power; renewable heat and power (hydropower, solar, wind, geothermal and bioenergy); combined heat and power; early applications of Carbon Capture and Storage (CCS, e.g. storage of removed CO2 from natural gas). Key mitigation technologies and practices projected to be commercialized before 2030 : CCS for gas, biomass and coal-fired electricity generating facilities; advanced nuclear power; advanced renewable energy, including tidal and waves energy, concentrating solar, and solar PV…”

page 11

“Figure SPM.6: Estimated sectoral economic potential for global mitigation for different regions as a function of carbon price in 2030 from bottom-up studies, compared to the respective baselines assumed in the sector assessments. A full explanation of the derivation of this figure is found in Section 11.3…”
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page 171

“Executive Summary : This chapter documents baseline and stabilization scenarios in the literature since the publication of the IPCC Special Report on Emissions Scenarios (SRES)…and Third Assessment Report (TAR…). It reviews the use of the SRES reference and TAR stabilization scenarios and compares them with new scenarios that have been developed during the past five years. Of special relevance is how ranges published for driving forces and emissions in the newer literature compare with those used in the TAR, SRES and pre-SRES scenarios. This chapter focuses particularly on the scenarios that stabilize atmospheric concentrations of greenhouse gases (GHGs). The multi-gas stabilization scenarios represent a significant change in the new literature compared to the TAR, which focused mostly on carbon dioxide (CO2) emissions. They also explore lower levels and a wider range of stabilization than in the TAR. The foremost finding from the comparison of the SRES and new scenarios in the literature is that the ranges of main driving forces and emissions have not changed very much…”

page 204

“It is important to note that for the following reported cost estimates, the vast majority of the models assume transparent markets, no transaction costs, and thus perfect implementation of policy measures throughout the 21st century, leading to the universal adoption of cost-effective mitigation measures, such as carbon taxes or universal cap and trade programmes. These assumptions generally result in equal carbon prices across all regions and countries equivalent to global, least-cost estimates. Relaxation of these modelling assumptions, alone or in combination (e.g. mitigation-only in Annex I countries, no emissions trading, or CO2-only mitigation), will lead to an appreciable increase in all cost categories.”

Leonardo Energy 2007

http://www.leonardo-energy.org/webfm_send/377

http://www.leonardo-energy.org/eco-sheet-gas-vs-electrical-heating

“Gas Heating vs Electrical Heating using different electricity mixes : September 2007 : By Sergio Ferreira, European Copper Institute…The results show that electrical heating has great advantages when clean electricity generation is in place, e.g. using renewable energy sources or nuclear energy.”

New Civil Engineer 2005 (13 October 2005, accessed 27 June 2009)

http://www.nce.co.uk/nuclear-decommissioning/530141.article

“Nuclear decommissioning : 13 October, 2005 : understanding the opportunities and challenges for engineering contractors and consultants : Removing the buildings and plant left behind by 50 years of nuclear industry activity will call for much work-a-day demolition contracting. But dismantling highly radioactive reactor cores, removing and repackaging waste from life expired storage ponds and silos, and remediating thousands of cubic metres of contaminated soils will also pose some of the toughest challenges engineers are likely to face anywhere in the UK in the next 20-30 years.”

Open Europe 2007

http://www.openeurope.org.uk/research/etsp2.pdf

“Europe’s dirty secret: Why the EU Emissions Trading Scheme isn't working”

Power Engineering 2009 (March, 2009, accessed 27 June 2009)

http://pepei.pennnet.com/display_article/355444/6/ARTCL/none/none/1/Improving-Pumping-System-Efficiency-at-Coal-Plants/

“Reality Check : Since the first modern coal-fired power plant was placed on-line in the 1890s, there has been little improvement in overall plant efficiency. Yes, coal consumption per kilowatt has improved slightly over the last 100 years, but not on the magnitude one would expect when compared to other industries and technologies. Today’s coal-fired power plants convert electricity at approximately 33 percent efficiency, wasting 66 percent of every unit of fuel. That’s the same efficiency we had back in the 1950s…” 

Risoe 2003 (Danish National Laboratory for Sustainable Energy)

http://www.risoe.dk/rispubl/presentations/bugge.pdf

page 2 (slide 2)

“Development in efficiency of Elsam’s coal-fired power plants”

page 8 (slide 8)

“AD 700 Objective(s) : The purpose of the project is to prepare, develop and demonstrate the next generation of pulverised coal-fired power plants featuring advanced steam data (700/720°C, 375 bar). Resulting in efficiencies in the range of 52-55%, fuel savings and CO2 emission reductions of up to 15% compared with the best available technology (BAT) of today. BAT year 2000: Approx. 600°C, 290 bar, 47%”

The Guardian 2009a (17 June 2009, accessed 27 June 2009)

http://www.guardian.co.uk/technology/2009/jun/17/immersion-heater-renewable-energy

"Hot tub technology : New research suggests the simple immersion heater could be key to a renewable electricity solution : David Strahan, guardian.co.uk, Wednesday 17 June 2009 22.00 BST : Forget expensive high-tech silver bullets such as nuclear fusion and carbon capture and storage; the solution to climate change lies in the humble electric immersion heater that sits in the hot water tank under your stairs. That's the view of Dr Mark Barrett, senior researcher at the UCL Energy Institute, who will present his analysis at a meeting in the House of Commons on 18 June. A tank with an immersion heater may be just an oversized kettle, but there are thought to be around 19m in Britain's homes, which collectively have the ­capacity to store huge amounts of energy as hot water. And this could be key to achieving an almost wholly renewable electricity supply. Dr Barrett says the heaters could be switched on and off rapidly to compensate for the erratic output of wind turbines and solar panels, each heater controlled by a gadget that responds to signals sent through the electricity grid – a system used since the second world war. "Everybody is always looking for a shiny new silver-bullet solution" says Dr Barrett, "but this idea is cheap, safe, and based on technology that's been around for decades"."

The Guardian 2009b (23 June 2009, accessed 27 June 2009)

http://www.guardian.co.uk/business/feedarticle/8572751

“IEA sees further slide in energy investments : Reuters, Tuesday June 23 2009 : [*] IEA will revise investment projections downwards [*] More detailed IEA energy outlook to be released in Nov : By Muriel Boselli : PARIS, June 23 (Reuters) - Recession will cut investments in the energy supply sector in 2009 by more than the $100 billion quoted in the International Energy Agency's report released in May, its chief economist said on Tuesday. The agency, adviser to 28 industrialised countries, said in a report presented to the G8 energy ministers in May that oil and gas upstream investment would fall 21 percent, or about $100 billion in 2009 from 2008 due to the global recession. "The information that we are getting... may well mean that we are going to revise the numbers downwards," Fatih Birol told Reuters in an interview. Birol said the IEA had not made a comprehensive update of the G8 report but that the agency was getting signals the drop in investment would be worse than initially feared. A more detailed update will be released for the IEA world energy outlook in November, he added.”

The Independent 2009 (7 April 2009, accessed 27 June 2009)

http://www.independent.co.uk/environment/green-living/a-1631bn-nuclear-white-elephant-1664427.html

“A £1bn nuclear white elephant : Exclusive: Call for public inquiry as Sellafield recycling plant is costing taxpayer millions every year : By Michael Savage : Tuesday, 7 April 2009 : The Government had tried to keep details of the plant's losses private : A controversial nuclear recycling plant, approved by the Government despite warnings over its economic viability and reliance on unproven technology, has racked up costs of more than £1bn and is still not working properly. Backers of the plant at Sellafield, which promised to turn toxic waste into a useable fuel that could be sold worldwide, had claimed the plant would make a profit of more than £200m in its lifetime, producing 120 tonnes of recycled fuel a year. But after an investigation by The Independent, the Government admitted technical problems and a dearth in orders has meant it has produced just 6.3 tonnes of fuel since opening in 2001.”
The Oil Drum 2008 (17 November 2008, accessed 27 June 2009)

http://www.theoildrum.com/node/4763

“The 2008 IEA WEO - Production Decline Rates : Posted by Euan Mearns on November 17, 2008 - 3:06pm in The Oil Drum: Europe : Report authors: Euan Mearns, Samuel Foucher and Rembrandt Koppelaar : This chart is from a section of the IEA publications called key graphs and appears in Chapter 11, p250 as Figure 11.1. Chapter 10, p 243 of IEA WEO 2008 says this: "On this basis, we estimate that the average observed decline rate worldwide is 6.7%. Were that rate applied to 2007 crude oil production the annual loss of output would be 4.7mmbpd." So it seems reasonable to expect the decline rate on currently producing fields shown above should be 6.7%. Not so. The decline rate in the chart above seems to be much closer to 4%. So what's going on here?…"

Turner A. 2009

http://www.joabbess.com/2009/06/10/adair-turner-fidgets-while-coal-burns

Remarks by Lord Adair Turner of the Climate Change Committee at the conference “The Politics of climate change : from economic crisis to business revolution” 5 June 2009, hosted by the Policy Network at the London School of Economics and Political Science, as recorded by Jo Abbess :-

“[We] may introduce electrical heating into homes after having spend the last 30 years taking it out.”

van Leeuwen J. W. S. and Smith P. 2007 (13 October 2007, accessed 27 June 2009)

http://www.stormsmith.nl/report20071013/partC.pdf

“Nuclear power – the energy balance : Jan Willem Storm van Leeuwen (and Philip Smith) : Part C

Energy analysis – the method : Figure C.11 : Dynamic energy balance of a nuclear power plant. The full sequence in this example takes 100 years. The diagram is drawn to scale (see Table C.2). For explanation see text. The first part of this diagram (from start until closedown) corresponds with Figure C.10.”

