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EXECUTIVE SUMMARY 

Reducing costs of tackling climate change 

 Meeting climate change goals will require cutting emissions per head to 

less than half current levels by 2050 globally.  To achieve this and 

significantly raise global living standards will require a technological 

revolution. Urgent action is needed to make this happen.  We should 

do this by: realising cheap emission savings today to put ourselves 

on a stabilisation trajectory; and bringing down technology costs 

for the future.   

 Despite increasing consensus on the need to tackle climate change, 

worries about the costs of action are holding back progress. To 

make tackling climate change a political reality, it will not be enough 

simply to innovate to reduce emissions; technological innovation must 

overcome concerns about costs. In short, the aim of technology 

policy can be seen – and, importantly, measured – as being to 

reduce the costs of tackling climate change.  

 The private sector is central to delivering this technological 

revolution. Firms will invest in developing and supplying new 

technologies where they believe there is a business opportunity or 

need to do so. e.g. the top 16 car manufacturers spend over $90bn a 

year on RD&D to maintain and expand their profits1.  

 However barriers mean that there is little need for the private sector 

to invest in low carbon alternatives and few opportunities from doing 

so. There are also specific barriers to technology development. 

Developing countries may face the same range of barriers as 

developed countries, but at a greater scale. 

 The IEA has carried out detailed analysis on particular technologies and 

sectors; this project focuses on the policy framework that will 

remove these barriers and create the right incentive structure. Figure 

A sets this out. 

                                       

1 European Union scorecard http://iri.jrc.ec.europa.eu/research/scoreboard_2007.htm 

http://iri.jrc.ec.europa.eu/research/scoreboard_2007.htm
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Figure A: Our recommended policy framework for addressing barriers  
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Creating business needs and opportunities 

 To create the business opportunity in clean technologies, governments 

should introduce a credible, long term carbon price – ideally the 

same globally – to create a premium for clean technologies. 

 Additional action is needed in sectors which are less responsive to 

price - buildings, road transport and appliances. Governments 

should introduce long term and effective CO2 and efficiency 

standards to create the necessary needs and opportunities for the 

private sector to supply cost effective technologies now, and develop 

the technologies of the future. 

 Standards could realise 5.3GtCO2 globally from very cost effective 

energy efficiency alone by 2030 (IEA) and potentially more if 

designed as CO2 standards. Increasing international 

harmonisation of standards for tradable products e.g. lighting and 

cars will help to further reduce costs through allowing economies 

of scale, encouraging more trade and competition and reducing 

compliance and policy costs; it will also help avoid trade disputes 

Enabling business to respond 

 Firms may not fully take opportunities up because of barriers such as 

uncompetitive markets and planning constraints. Most of them need 

to be tackled at national level, but international collaboration to 
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remove trade barriers (e.g. through WTO and harmonised standards) 

would help improve competition. 

Support for research, development and demonstration 

 Studies suggest that total global energy R&D should more than 

double.  This should mostly be private investment, initiated as 

businesses respond to government policies to create opportunities in 

clean technologies. 

 However even with business opportunities, firms may under-invest 

in early stage research because they cannot capture all the returns 

from their innovation or because the returns are too distant or risky. 

 Patents help firms to capture some of these returns, providing an 

incentive for R&D, and there is a strong case to make the 

intellectual property system more efficient: in Europe, it takes on 

average nearly four years to gain a patent – a significant loss, given 

the urgency of tackling climate change. 

 Even so, the private sector is likely to under-invest, particularly at the 

earliest stages of technological development, so governments have a 

role in providing additional RD&D support. 

 It is highly uncertain which technologies will emerge as best, so 

government should avoid picking winners.  Instead, RD&D funding 

should be allocated via arms-length (non-political) bodies (such as 

the UK‟s Energy Technology Institute) using criteria, such as the 

expected contribution to reducing global costs of tackling climate 

change, to choose which technologies to back. 

 Internationally, “loose collaboration”, such as information sharing, is 

beneficial. International collaboration on public RD&D funding works 

best among a small coalition of the willing working together with 

clear, focused, shared objectives.  However a compulsory 

international RD&D fund does not look attractive as this would face 

political and bureaucratic challenges, and the potential benefit to a 

nation‟s competitiveness forms a major reason for countries to support 

innovation. 

 Carbon capture and storage (CCS) is one of the top three 

technology groups identified by the IEA for reducing emissions, 

potentially contributing a quarter of emissions reductions from the 

power sector, and will be necessary if fossil fuels continue to be used 

in large quantities for power generation and in industry. It urgently 

needs to be demonstrated at scale; this is unlikely to happen without 
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public support. Some demonstrations (including the UK‟s competition) 

are proposed globally, but around 20 will be required to demonstrate a 

range of technologies, fuels and storage locations. Alongside 

demonstration, further R&D to drive cost reductions should not be 

neglected. 

Support for developing countries 

 It is crucial to get developing countries on board: by 2030, their 

emissions alone will exceed the stabilisation trajectory suggested by 

the G8. Developing countries experience similar barriers to innovation 

as richer countries, compounded by relative poverty and weaker 

institutions. The same policy framework can be applied, with an 

additional question of how to finance action. 

 Developed countries can help finance abatement in developing 

countries via two mechanisms: the carbon market or public 

financing. The most effective way to drive investment in new and 

existing low carbon technologies in developing countries is the creation 

of a global carbon market, combined with ambitious caps on emissions. 

This should be a priority for a post-2012 deal. However, public 

financing could play an important supporting role: 

 “Market failures”: There are areas of action that are not 

responsive to a price mechanism, so the carbon market 

cannot cost-effectively reach them. Public financing to pay for 

additional policies may be more effective here (e.g. to pay for 

the implementation of standards, demonstration of CCS, 

capacity building). 

 “Policy limitations”: Even where the carbon market is effective in 

principle, it may be imperfect, or pose political problems 

(e.g. carbon market inefficiencies; political limits to international 

trading; time-scales required; large profits generated by the 

carbon market). Where such policy limitations exist, public 

finance might be needed as an alternative to using the carbon 

market. 

 Action to reduce costs of intellectual property rights (IPR) in 

developing countries directly – as suggested by some developing 

countries – may create problems, such as buying up patents that soon 

prove to be less than the best technology, or reducing incentives to 

innovate. Instead, current evidence suggests that it would be better to 

pay some of the cost of clean technology rollout (e.g. through carbon 
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finance), thereby subsidising IPR indirectly.  This is the normal way to 

pay for IPR. 

Using roadmaps 

 Technology roadmaps, such as those produced by the International 

Energy Agency (IEA), forecast the likely technologies that can be used 

to tackle climate change most cost effectively. They have a role in 

guiding the stringency and timing of policy action, for example 

guiding how stringent current and future standards levels should be. 

 The key success metric of technology policy should be whether total 

abatement costs are falling. 

 Recent IEA global roadmap analysis identifies the top 3 emission 

saving technologies as: buildings and products energy efficiency; 

road vehicle efficiency; and CCS for power generation.  Applying the 

project findings to these technologies highlights that the single most 

important action is to create business needs and opportunities. 
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What should technology policy aim for? 

1. There is increasing agreement on the need to tackle climate 

change; but political progress on action is difficult: worries about 

the costs of action are holding back progress. Furthermore, 

the risk remains that even if countries agree to a deal, they may 

later walk away if the cost is felt to be too high (as with Kyoto).  

2. Getting better, cheaper, clean technologies will not only reduce 

the costs of tackling climate change, but in the medium term has 

the potential to fundamentally change the politics of reaching 

an agreement. Imagine the change if China or India could generate 

electricity more reliably and cheaply from renewable energy than 

from coal – an aim, for example, of Larry Page & Sergey Brin‟s 

philanthropic foundation google.org; or, for solar, something the US 

Government aims to achieve by 2015.2 

3. To make tackling climate change a political reality, it will not be 

enough simply to innovate to reduce emissions; technological 

innovation must overcome concerns about costs. In short, the aim 

of technology policy can be seen – and, importantly, measured – 

as being to reduce the costs of tackling climate change.  

4. This is the difference between innovating to tackle climate change; 

and innovating to tackle climate change cheaply – an explicit focus 

on reducing costs. A good example of successful innovation to 

reduce costs is the Tata Nano, the car they had promised to deliver 

at a price of one lakh (100,000 rupees, around $2,500) so it could 

be accessible to a mass market: a way had to be found of making a 

car at that price, and was.3 

What might a low carbon future look like? 

5. The IEA has recently published analysis of what technologies the 

world could use to make dramatic emission reductions by 2050 at 

least cost4.  They split the emission savings according to the top 17 

technologies to deliver them.  Of these, the top three 

technologies are: 

                                       

2Solar America Initiative, see http://www1.eere.energy.gov/solar/solar_america/ 

3 See, for example, All eyes on Tatas' Rs 1 lakh car, Times of India, 8 January 

2008. 

4 IEA (2008) Energy Technology Perspectives. 

http://www1.eere.energy.gov/solar/solar_america/
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 road vehicle energy efficiency (including hybrids) 

 buildings and appliances energy efficiency 

 carbon capture and storage for power generation 

6. Together, these could contribute almost half the emission savings, 

as illustrated in figure 1.1.  

Figure 1.1: Road vehicle efficiency, buildings and products efficiency and 

CCS power generation could account for almost half the emission savings 

by 2050 
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Source: IEA ETP08.  This shows sources of emission savings when global 

fossil fuel emissions are cut 50% on current levels by 2050. 

7. The specific actions we have identified the UK should take 

internationally in the next 2-3 years will help to realise these and 

wider savings. But the future is uncertain – how can we deal 

with this? 

8. The IEA analysis provides one glimpse of what a low carbon world 

might look like – but these predictions are far from certain (see 

fuller discussion in chapter 7).  There are many good examples of 

when predictions about future technology development have been 

proved wrong (see box 1.1 below). 
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Box 1.1: Famous Quotes 

The complexity and uncertainty surrounding future technological 

advancement cannot be emphasised enough. To quote three individuals 

who have made a lasting impact on technology: 

 

 

 

 

 

 

     

9. The challenge for policy makers is to develop policy in a way that 

deals with this uncertainty.  In the course of this project, we 

have developed a policy framework and set of recommendations for 

action that accommodates this uncertainty.  This is discussed in the 

rest of this paper. 

What is the structure of this paper? 

 Chapter 2: discussion of the policy framework required to 

encourage businesses to develop new, cheap and clean 

technologies and roll out existing ones. 

 Chapters 3 to 6: exploring what this framework means for 

policy actions that governments should take.  This includes 

recommendations on what the UK should do internationally to 

help bring forward the IEA‟s top three technologies. 

 

―There is not the slightest indication that nuclear 

energy will ever be obtainable. It would mean that 

the atom would have to be shattered at will.‖ — 

Albert Einstein – proved wrong within a decade 

―We will never make a 32 bit 

operating system.‖ — Bill Gates 

– within a decade he was proved 

wrong 

  

―Fooling around with alternating current is just a 

waste of time. Nobody will use it, ever.‖ — 

Thomas Edison, 1889 - the first commercial 

power plant using AC was operational in 1893 
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 Chapter 7: how should technology roadmaps be used to 

decide the stringency and timing of policy action and assess 

whether the economy as a whole is on track to decarbonise.
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10. The private sector must have a central role in developing  

clean technologies. Not only is private finance required (over half of 

global R&D is paid for by the private sector); they will also bring 

essential skills and focus needed to successfully develop and deploy 

clean technologies. Furthermore, the private sector will be a major 

purchaser and user. Governments cannot do this alone. Technology 

policy must, therefore, be designed to maximise the contribution of 

the private sector.  

11. Firms will invest in development and supply of new 

technologies where they believe they can make a profit.  e.g. 

pharmaceutical firms and car manufacturers invest $190bn per year 

to maintain or increase their market share and profitability5. 

12. However there are a number of reasons why firms may not 

innovate: 

                                       

5 European Union Scorecard http://iri.jrc.ec.europa.eu/research/scoreboard_2007.htm 

http://iri.jrc.ec.europa.eu/research/scoreboard_2007.htm
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Figure 2.1: Barriers inhibiting innovation, from the firm‟s perspective 
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13. The first two columns in figure 2.1 are essentially about one thing – 

business need and opportunity. If firms do not think they will 

have customers for their products (issues in the first column), or 

that even if they might other problems will get in the way (issues in 

the second column), they will not innovate much.  

14. To overcome the first, governments need to act to create business 

needs and opportunities. The barriers and policy prescriptions will 

be familiar from wider climate change policy, but it is essential to 

consider this as part of the technology policy framework. It is only 

business need and opportunity that will drive significant private 

sector investment. This is explored in the chapter 3. 

15. To overcome the second, governments need to enable businesses 

to act. This is considered in chapter 4. 

16. The stronger the business need and opportunity, the less the 

specific barriers to research and development (third column) will 

matter. But they will remain. Action to give a further technology 

boost is considered in chapter 5. 
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17. Figure 2.2 summarises this policy framework. 

18. Developing countries will experience the same range of barriers 

but they may be exacerbated.  The policy framework for tackling 

these is the same as outlined in figure 2.2.  There is also a question 

of how to finance action in developing countries.  These issues, and 

how the UK might best help, are discussed in chapter 6. 

Figure 2.2: Policy framework for reducing technology costs 
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3. CREATING BUSINESS 
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What is the main action that governments should take to create 

business needs and  opportunities? 

19. As outlined in the policy framework, government should take action 

to create a credible reason for firms to develop and roll out low 

carbon technologies. The ideal way of doing this is generally using a 

credible, long term price per emission charge (via taxation or 

emissions trading).  This creates a premium for clean technologies 

above dirty, and gives firms freedom on how best to meet the 

needs and opportunities created. Ideally, the carbon price should 

be the same across the economy, applied to all sectors and if 

possible the same globally.  

20. We have not explored details of how tax or emissions trading 

schemes should operate across sectors / countries as this is beyond 

the remit of our project.  There is already work happening in 

government, focusing on carbon markets. 

Will carbon pricing alone be sufficient to create business 

opportunities for clean technologies?  

21. Carbon pricing affects decisions on how much to use equipment, 

and always has a role (as outlined in figure 3.1 below).  But there is 

strong evidence that running costs – which is where carbon pricing 

acts – are not always properly considered when equipment is 

bought.  This is the case in sectors such as road transport, buildings 

and appliances (e.g. TVs, washing machines).  At best, this low 

responsiveness to running costs will be inefficient and make it much 

more expensive than necessary to tackle climate change; at worst, 

the failure to realise these savings will make mitigation from these 

sectors impossible.  In these sectors, carbon pricing will be 

necessary but not sufficient to realise least cost abatement. 
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Figure 3.1: Carbon pricing is necessary but not sufficient in all sectors 
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22. For example evidence suggests the carbon price will be much more 

effective at creating business opportunities in aviation than road 

transport (e.g. US aircraft fuel efficiency improved 60% between 

1965 and 2000 compared to 20% for cars6 (see figure 3.2)). This is 

because fuel costs are a critical part of airlines running costs 

(currently around 32%7) and key to technology purchasing 

decisions whereas research for DfT suggests car customers consider 

reliability and comfort to be more important than fuel efficiency, 

environment and emissions. 

23. Running costs will have some effect on consumers purchase 

decisions, particularly for cars (e.g. petrol price increases in 2008 

created a fall in US sales of Ford‟s F-Series pick-up (by 31%) and  

Explorer SUV (by 41%) and an increase in sales of its small car, the 

Focus (by 53%)). But in most cases price will not have enough of 

an impact.   

                                       

6 US Climate Change Technology Programme, 2007 

7 International Air Transport Association (2008) 
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Figure 3.2: Aircraft fuel efficiency has improved much more than cars 

      

Source: US Climate Change Technology Programme, 2007 

24. The sectors which evidence suggests are less responsive to running 

costs (buildings, appliances and road transport) could have 

potential savings of 18 GtCO2/yr by 20508. These are primarily 

energy efficiency and therefore some of the most cost effective 

opportunities available. In these sectors further government 

action is critical to realise cost effective abatement 

opportunities and keep the overall costs of tackling climate 

change down. Intervention will also have other benefits such as 

improved security of supply and prosperity.  

                                       

8 IEA Energy Technology Perspectives, 2008. This should be seen in the context 

of total savings of 35-48GtCO2 by 2050 in the IEA ACT and BLUE scenarios. 
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Figure 3.3: Some of the most cost effective emission savings come from 

energy efficiency in building, transport and appliances 

 

Source: © OECD/IEA Energy Technology Perspectives, 2008 
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25. There are many types of policies which governments can and do 

use including labelling, fiscal incentives, prizes, government 

procurement or CO2/energy efficiency end-use standards.  

26. All these policies have a role to play in driving technological 

change and particularly information policies but standards are the 

most important to introduce. Standards have already been 

shown to be very effective in a variety of sectors, e.g. average 

energy consumption of fridges in the US fell by 20% each time a 
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barriers set out at the start of this report and send the strongest 

signal to the private sector about the need to develop clean 

technologies and opportunities from doing so.  
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Box 3.1: What do we mean by standards? 

There are many different designs of standards including fleet average 

standards e.g. proposed EU car CO2 standard, minimum performance 

standards which gradually remove the least efficient products from the 

market e.g. Japan‟s Toprunner programme, or maximum CO2 

standards e.g. zero carbon homes by 2016 which set a long term goal. 

These are sometimes called regulations or regulatory standards.  

Until now standards have generally been used to improve energy 

efficiency but for transport and buildings, standards should ideally be 

set more broadly e.g. zero carbon homes would create a strong long 

term incentive for firms to develop and roll out both energy efficient and 

low carbon technologies; CO2 standards for road transport could help to 

bring on new technologies such as electric cars and hydrogen 

There is increasing interest in how production standards can be used 

to create demand for technologies with lower lifecycle emissions. Given 

the complexities of setting these we have focused on end-use standards.  

Figure 3.4: Improvements in US vehicle efficiency were only made when 

required by CAFE standards 

  

Source: US National Highway Traffic Safety Administration, 2007 

27. While perhaps not strictly necessary if carbon pricing is introduced, 

standards could also play a role in bringing on other technologies 

such as industrial electric motors and tackling competitiveness 

worries in sectors such as cement and steel. 

Will standards increase costs of products?  

28. There may be short term increases in costs as suppliers recoup 

costs of changing production but evidence shows that standards 

Improvement 

required by 

regulation

No improvement 

required by 

regulation
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have not increased prices of goods in the longer term. E.g. 

appliances subject to standards in Japan, Europe, UK, US and 

Australia declined in cost by 10% to 45% while efficiency increased 

by 10% to 60% (see figures 3.5). In any event the rationale for 

introducing the standard is that it is cost effective over the lifetime 

of the product: even if the purchase cost rises, the consumer will 

save money overall.  

29. Standards are effective at creating larger markets which allows 

suppliers to realise economies of scale and undertake more 

innovation. The larger the market size, the faster the costs of low 

carbon alternatives are likely to come down. e.g. International 

demand for more efficient CFL lamps has grown from approximately 

80 million lamps to 1400 million between 1990 and 2004 which has 

allowed prices to drop from around $30 per lamp to less than $5. 

Figure 3.5: Standards have reduced both energy consumption and cost of 

technologies 

 

Source: OECD/IEA Report: experience with energy efficiency regulations for electrical 

equipment, 2007 

30. Previous experience shows it is very difficult to predict how 

much the actual costs of meeting standards will be, although 

they are almost always lower than first thought: 

 Elimination of CFCs in car air conditioners ended up costing $40-

400 per car when early estimates suggested $650 to $1200.  
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 Costs of meeting California‟s vehicle pollution targets in 1994 

were lower than anticipated by car makers because they didn‟t 

predict that innovation would result in new cheaper alternatives 

to the technologies they thought they would have to use.  

How much CO2 could standards save and at what cost? 

31. The IEA estimate that effective standards could save at least 5.3 

GtCO2/yr of savings by 2030 from energy efficiency alone This 

includes at least 0.6GtCO2/yr from buildings, 2.3 GtCO2/yr from 

appliances, 1.5GtCO2/yr from lighting and 0.9 GtCO2/yr from 

transport9. Standards could realise more savings in buildings and 

transport if designed in a way which encourages development 

and roll out of low carbon technologies of the future e.g. 

hydrogen or electric cars.  

32. As set out above these are some of the most cost effective 

opportunities and not achieving these will increase the costs of 

climate change. The quantitative impact of standards on global 

abatement costs and global financial flows is not yet well 

understood but further work could be undertaken. 

How should standards be designed to be most effective? 

33. Experience suggests that to be effective standards must: 

 Be outcome focused to allow multiple competing technologies 

(e.g. CO2/km); 

 Be set at a level which realises most cost effective abatement 

opportunities. Roadmaps can have a key role here in guiding 

how stringent standards should be set (see chapter 7 for further 

details). Care should be taken not to set standards in a way 

which reduces competition e.g. at a level which only 1-2 firms 

could meet; 

 Set likely future levels or ranges to give business certainty 

about future opportunities and drive innovation (e.g. regulation 

in China and Australia sets both existing and future standards); 

 Be fixed well in advance to allow suppliers enough time to plan 

for changes within business cycles therefore reducing 

compliance costs;  

                                       

9 IEA report to 2008 G8 summit 
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 Be reviewed regularly;  

 Be enforced – without enforcement standards will not drive 

innovation. 

34. There are risks which countries must manage to ensure standards 

fulfil their potential. Governments have found it challenging to 

introduce effective standards because of their complexity, lack of 

information on which to base decisions on, and pressure from 

firms (including multinationals).  

Will harmonising standards across markets bring additional 

benefits? 

35. There are benefits to harmonising standards internationally for 

mass market tradable products, as explained in table 3.1 below. 
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Table 3.1: There are benefits to harmonisation of standards for tradable 

products, and risks to manage when doing so 

Type of 

product 

 

Manufactured 

specifically for 

local 

circumstances - 

generally not 

tradable across 

countries 

• buildings and 
bespoke air 

conditioning 

Mass market products – tradable 

across countries 

 

• fridges and washing machines - usually 

regionally traded 
• vehicles - globally traded but tailored to 

regional requirements 
• products such as IT, lighting, TV‟s - 

traded globally and mass produced 

 

 

 

Potential 

benefits to 

harmonising 

standards 

across 

markets? 

 

No -  

strong domestic 

standards most 

effective. 

Use roadmaps to 

guide how stringent 

domestic standards 

should be 

 

Yes 

• larger markets allows economies of 
scale, encourages trade & competition 

• buildings and bespoke air conditioning 
• firms more willing to invest in R&D 

• reduces suppliers and government 
compliance costs which encourages 
countries to take action 

• avoids standards being designed in a 
way which creates non-tariff barriers or 

trade disputes. 

= lower technology costs achieved 

quicker 

Risks which 

need to be 

managed 

N/A 

• common standard set at lowest level 
rather than best level 

• bureaucratic and time consuming – 
agreeing vehicle fuel testing procedures 
through UN to take 7 years 

 

How much harmonisation is needed before costs of low carbon 

technologies come down globally?  

36. Stringent standards in one market alone will have some 

wider impact e.g. one country taking action is likely to prompt 

action by others - Australia is waiting for the EU to agree a 1 Watt 

standard before introducing complementary standards. Or when the 

market covered by standards is an important market for an 
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individual firm then it might decide to supply low carbon products 

into all its markets.  

37. But one country is unlikely to be a large enough market to 

drive global change. e.g. For cars global manufacturers normally 

tailor models to meet regional circumstances and appliances such 

as fridges and washing machines are generally regionally traded. 

Potentially action in the US or China could have a major impact on 

a highly traded product like lighting or IT. 

38. For the majority of products we believe action would be needed to 

harmonise standards across key markets such as EU, China, 

US, India and Japan before there was any real global shift towards 

a low carbon product. Further analysis is needed to determine the 

critical mass needed for individual products. 

Is existing action enough to realise savings? 

39. Some progress - by 2007 82 minimum appliance standards had 

been introduced by IEA countries with proposals for a further 52. In 

major developing countries 38 minimum standards have been 

implemented with 7 planned10. Many countries including G8 +5 

have introduced some building standards and some countries 

including US, China, EU and Japan have introduced or proposed 

mandatory car fuel efficiency standards.  

40. But not enough.  As discussed below, the quality of standards is 

variable, coverage is too small and too little harmonisation is 

happening.  

 The quality of standards is not good enough - quality varies 

considerably across countries, with many being out of date, not 

tough enough and with little enforcement. E.g. compliance with 

building regulations in rural China is only 6% because 

enforcement is weak. Transport standards vary considerably 

between countries (see figure 3.6) 

                                       

10 IEA (2007): Experience with energy efficiency regulations for electrical equipment 
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Figure 3.6: Stringency of car CO2 standards varies by country, with 

Europe and Japan leading the way 

 

Source: International Council on Clean Transportation, 2007 

 The coverage of standards is too small to realise most 

potential savings – IEA Energy Technology Perspective 

roadmaps suggest that to achieve a 50% emissions reduction in 

the most cost effective way, mandatory standards need to be in 

place for buildings and appliances by 2020 in OECD countries 

and 2030 globally, and for transport by 2015 in OECD countries 

and 2020 globally. This would require a major expansion of 

effort in areas such as lighting and TV‟s, existing buildings and 

both light and heavy duty vehicles and particularly in developing 

countries. 

 There is not enough harmonisation of existing standards 

and not enough focus on future harmonisation. There is 

some progress in developing international test procedures and 

agreeing common levels of standards for things like standby 

power (1 Watt) and lighting (phase out of incandescent 

lighting). For example the IEA has recently set up an 

Implementing Agreement to take forward some appliance 

harmonisation work. But even where international standards are 

available, e.g. through ISO, countries do not always sign up to 

them. Without more coordinated action between countries there 
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is a real risk that as countries start to take more action a 

patchwork of different standards will be created leading 

to more trade barriers and higher costs.  

What is hindering countries from taking more action?  

41. There is increasing interest in the role which standards can play 

in improving energy security, tackling climate change and reducing 

energy bills. The G8 have recently signed up to „maximise 

implementation‟ of the 25 IEA energy efficiency 

recommendations which includes introducing a range of 

buildings, appliance and transport standards. This is a 

welcome move and the focus should be on translating commitment 

into action.  

42. However progress in actually introducing standards is still 

very slow, even allowing for the complexity involved. For many 

countries energy efficiency and standards are low down their 

priority list, understanding of the policy is limited, capacity to 

introduce standards is weak, there are concerns about 

competitiveness impacts and many developing countries view 

standards as a protectionism measures.  

43. At the international level the difficulties which cause slow 

domestic progress are magnified given the complexity and time 

involved in negotiating standards and potentially larger impacts of 

common standards on domestic industries. There also appears to 

be a lack of information and understanding about the potential 

benefits and costs of common standards. 

What if there is no long term, credible carbon price? 

44. The world is some way off having a long term, credible carbon 

price, although action by some countries (e.g. EU ETS and gasoline 

taxes) are a good start. Where a carbon price does not exist, in the 

first instance the priority should be on creating such a charge 

(for example, introducing a national trading measure and co-

ordinating or linking with others). 

45. If this is not possible, second-best approaches are: 

 In price sensitive sectors (e.g. electricity generation), a 

national level obligation could be placed on the sector (for 

example, electricity produced should be a maximum of 

xxgCO2/kWh by 20xx). Meeting this type of obligation is likely to 
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require some direct or indirect subsidy support, sometimes 

referred to as deployment support.  

 In sectors which are less sensitive to price (e.g. road 

transport), energy efficiency or CO2 standards could be set more 

stringently  

Should the international focus switch from carbon pricing to 

deployment support? 

46. Although global carbon pricing is still some way off, it does not 

seem sensible to switch to a policy of pursuing a global 

deployment support policy instead. Besides the economic case 

for carbon pricing, carbon trading is a logical extension of a system 

involving emissions caps for different countries, or indeed a global 

cap. With such caps, allowing trading secures the same level of 

abatement, but at lower cost. Allowing trading between firms is a 

further logical extension of the potential to trade between 

countries. Furthermore, there are already encouraging signs of 

expansion of carbon trading (e.g. in New Zealand); this is not true 

for substitute pricing policies. It makes sense to build on this 

structure, rather than try to reform it to facilitate deployment 

support. Deployment support should not replace carbon pricing, but 

it can be seen as a temporary complement. 
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Why might the private sector may not invest in low carbon 

technologies even with the need and opportunities to? 

47. As illustrated below there may be barriers in place which mean 

technologies don‟t fulfil their potential or even fail when they should 

succeed.   

Figure 4.1: Barriers that could hamper businesses taking action  

 

Which barriers are particularly important to tackle? 

48. The prevalence and impact of barriers on business will depend 

heavily on individual country circumstances and the types of 

technology being supplied. E.g. in 2007 the approval rate for 

onshore wind applications in the UK fell below two thirds. The 

barriers may be particularly strong in developing countries.  

49. Countries should quickly act to remove all barriers which impact on 

technology in their country but removing barriers to competition 

should be a high priority. This is because the costs of technologies 

in competitive markets come down much quicker than in less 

competitive markets therefore accelerating roll out. If markets are 

very uncompetitive then new innovators may not be able to enter 
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at all. Governments should take action when market incumbents 

are hindering entry of new technologies into the market or when 

firms are holding onto patents to prevent development of new 

technologies (patent thickets). This will be more difficult where 

international firms are involved. Governments should pay special 

attention to barriers preventing small firms entering the market 

given their critical role in innovation.  

50. As well as removing barriers Governments should encourage a 

strong and vibrant culture of innovation where firms are keen 

to invest in new opportunities.  

Is infrastructure a barrier to investment? 

51. Many technologies will require additional infrastructure in order 

to be rolled out e.g. widespread uptake of plug-in electric cars 

would require additional electricity generation capacity to be built. 

There are broadly two different types of infrastructure, firstly 

fixed networks such as the existing gas and electricity grids and 

potentially hydrogen and secondly distributed infrastructure 

such as petrol stations.  

52. Infrastructure is part of overall technology development 

costs and therefore needs to be factored into investment decisions. 

The need to pay for infrastructure is not necessarily a bad thing as 

there are opportunities for the private sector in supplying this 

infrastructure e.g. investment in more electricity grid capacity could 

be undertaken by electricity companies looking for new customers.  

53. In most cases national governments will need to play a role in 

facilitating infrastructure development. This could be through 

planning policy, competition policy and setting standards in areas 

like safety, interoperability and efficiency. e.g. safety regulations for 

tankers supplying hydrogen if road supply was deemed the best 

approach.  

54. Governments may need to play a stronger role where development 

of fixed networks are necessary. Fixed networks are like natural 

monopolies and government has a role in regulating to ensure 

prices remain fair; the way countries choose to treat this issue will 

be related to the wider way they handle natural monopolies, 

particularly in energy. This could for example mean regulating a 

grid supplying hydrogen alongside private sector investment in 

developing such a network (cf. UK‟s approach to the national grid). 
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In countries where infrastructure is a state monopoly, then by 

definition any changes will be a government decision.  

What role is there for international collaboration? 

55. Because of the local nature of barriers, most action to remove them 

will usually best taken by national governments, so is generally 

outside the scope of this project.  

56. At the international level, removing trade barriers (both 

tariff and non-tariff) can open up new markets. Costs of 

technologies will come down through economies of scale and 

increased competition. World Bank research suggests that the 

impact of trade barriers on low carbon goods is fairly substantial. It 

suggests that a removal of tariffs and NTBs for four basic clean 

energy technologies (wind, solar, clean coal, and efficient lighting) 

in 18 of the high-GHG-emitting developing countries will result in 

trade gains of up to 13%11. There is less conclusive evidence 

available about the role of non-tariff barriers such as standards and 

other regulations - anecdotal evidence suggests different standards 

do hinder trade even if introduced for viable policy aims. 

57. Appropriate harmonisation of standards helps to facilitate 

trade by ensuring standards are not designed to favour domestic 

suppliers and reducing costs of supplying into different markets. As 

well as end use standards, countries should also work together to 

agree common interoperability standards, for example agreeing a 

standard way which motors interact with wind turbines has helped 

to. There is an ongoing international dialogue to remove trade 

barriers as well as bi-lateral discussions between countries 

 

                                       

11 World Bank “Warming Up to Trade”, 2007 
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58. Tackling climate change would be much less of a challenge if better, 

more cost-effective technologies were available, especially for 

power generation, transport and energy efficiency. 

59. There is a correlation between increased volume of technology 

roll out and falling unit costs; however, as explained in box 5.1, 

research, development and demonstration (RD&D) is likely to 

be a key cause of falling technology costs.  

Box 5.1: Experience curves and the importance of RD&D 

Experience curves (sometimes called learning or cost curves) show a 

relationship between cost and either cumulative installation or time, 

and tend to show that cost falls as installation increases and/or time 

passes. The graph below shows this in two estimates of experience curves 

for solar photovoltaic technology. 

Figure 5.1: experience curves for solar, showing costs falling as 

cumulative installation increases 

 

Source: Nemet (2006) Beyond the learning curve: factors influencing cost reductions in photovoltaics.  

Energy Policy 34(2006) 3218-3232 

This can be a useful concept, but should not be interpreted too literally. A 

number of factors drive cost reductions; in a simple experience curve they 

are subsumed into volume or time but this is just correlation, not 

causation.  

In particular, getting a better product by research, development and 

demonstration is an important driver of reduced costs, and tends to be a 

focus of the US approach to technology development. This is true for solar 

power, and can be seen clearly in the development of IT. The cheap 

computing power we enjoy today has not been achieved simply by making 

large numbers of 1970s computers; RD&D has been a key driver of 



 
37 

improvements (see figure 5.2 below). 

Figure 5.2: High levels of RD&D in the IT sector have generated dramatic 

technological breakthroughs and cost reductions 

RD&D

1970s 1980s Today

The IT sector is a global leader on R&D expenditure (spending 
19% of turnover on R&D – the highest share, joint with 

pharmaceuticals).

RD&D RD&D

1970s 1980s Today

The IT sector is a global leader on R&D expenditure (spending 
19% of turnover on R&D – the highest share, joint with 

pharmaceuticals).

RD&D RD&D

1970s 1980s Today

The IT sector is a global leader on R&D expenditure (spending 
19% of turnover on R&D – the highest share, joint with 

pharmaceuticals).

RD&D

 

60. This chapter focuses on research, development and demonstration 

from an international perspective. Some UK recommendations are 

also included towards the end of the chapter. This chapter argues: 

 Business need and opportunity is the main factor 

incentivising firms to support research, development and 

demonstration of new clean technologies.  However even if there 

was a credible future market for clean technologies, firms still 

would not invest as much as society would like in innovation 

because it is difficult to capture all the returns from such activity 

(as shown in market failures figure 2.1).   

 Therefore there is a role for government policy to boost 

research, development and demonstration of clean 

technologies. It is beneficial to coordinate such activity 

internationally, but international funds would probably not be 

helpful.  

What are the characteristics of technological development? 

61. There is always a risk that technologies will fail12, or become 

obsolete due to the rise of a new, better technology. The private 

                                       

12 As shown by the concept as the „Universal Success Curve‟, in “3,000 Raw Ideas 

= 1 Commercial Success!”, Stevens and Burley, 1998 
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sector, especially innovative players such as venture capitalists, 

invest in a range of technologies to hedge this risk. The risk of 

failure is higher at the early stages of development, and basic 

research is relatively cheap, so companies tend to try out many 

different ideas at the early stages, and only bring the best 

technologies forward to the later stages of development.  

62. This mirrors the way the 

private sector deals with 

any risky investment: “We 

aim for a portfolio that‟s 

been built up by putting 

together the best 

opportunities we can find”13. 

63. The knowledge gained from 

successful or failed RD&D 

feeds back to activity earlier 

in the development cycle 

and is used in the 

development of new 

technology products. RD&D 

is a continuous process 

and it can be misleading to 

classify a technology as 

being at a particular level of development, as most technologies are 

modified many times, even after commercialisation. For instance, 

although some wave power technologies are the deployment stage, 

figure 5.4 below shows that there are a range of wind technologies 

in basic research (signified by technology readiness level14 1-4), 

and applied research, development and demonstration stages 

(technology readiness level 5-8).   

                                       

13 Eric Finlayson, Head of exploration, Rio Tinto (Rio Tinto Review, March 2008).  

Rio Tinto recently trumpeted their success in getting to a technology success rate 

of 1 in 2000 (RTR March 08). 

14 Technology readiness levels (TRLs) are definitions of the stage of development 

of a technology ranging from 1 (basic research) to 9 (deployment of the 

technology). See US GAO (July 1999) for a full explanation. 

Figure 5.3: Selection through the 

technology development process 
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Figure 5.4: Wave technologies exist at all technology readiness levels, so 

it may not be helpful to describe wave power as being at a certain level of 

development. 

Technology 

readiness 

level (TRL) 

1 2 3 4 5 6 7 Total 

No. of wave 

technologies 

2 15 5 8 8 5 2 49 

This analysis covers the majority of devices being developed in the UK, but is not exhaustive.  It is 

simply a tally of different concepts being pursued in the wave and tidal power sector, not an indication 

of designs which may come to fruition, or prove technically viable or cost competitive (source: Entec). 

What are the major barriers to the private sector carrying out 

RD&D? 

64. The major barrier to technology development is „knowledge 

spillover‟, when knowledge gained from RD&D in one area is 

captured by another. The intellectual property (IP) framework 

enables innovators to capture returns from their work, but not 

everything can be patented; furthermore, such „spillovers‟ can aid 

other firms in ways not first envisaged, so will still lead to 

underinvestment in RD&D, particularly at the earlier stages of 

technological progress. 

65. The other key barrier to RD&D investment is that the private sector 

typically aims for short payback periods, in order to maximise 

short-term profits. This can be a major benefit at the later stages of 

development when companies will rush to bring the new technology 

to market as quickly as possible. But it may also produce lower-

than-optimal private investment in earlier-stage research (when 

application is a long way off) or longer-term projects, such as large 

power plants.  

How do we achieve a portfolio of cheap clean technologies for the 

future? 

66. Reducing carbon emissions at least cost will require a 

portfolio of clean technologies.  This is because there is no 

“silver bullet” technology, and there are risks associated with 

banking on a small range of technologies coming through.  
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Therefore, learning the lesson from the venture capitalists above, 

society should strive to develop a portfolio of clean technologies. 

67. If government creates a credible business need or opportunity for 

clean technologies, then it can largely rely on the private sector 

to deliver a broad portfolio.  Government is not generally best 

placed to second-guess technological development by prescribing 

that a certain range of technologies should be developed. Rather, a 

practical approach to portfolio is through allowing the 

private sector to diversify in this way. In tandem with this, 

governments should address the barriers above (knowledge 

spillovers and short payback periods) using policy to boost 

RD&D.   

68. In general, firms will be better than government at doing 

RD&D. Firms invest where they expect to make profits, and are 

better suited than governments to provide the flexibility and 

expertise required for product development. Incumbent firms will 

need to innovate to survive, and new firms will innovate if there is a 

new opportunity. Often, smaller firms will be better innovators, as 

they are likely to take more risks, and require new products to 

break into markets, especially when such markets are dominated 

by long-standing incumbents. Innovative firms gain value for their 

inventions through the IP system, which allows them to licence new 

technologies, either to gain a revenue stream for themselves or 

provide a value to the company that is attractive to other potential 

investors. 

69. Private RD&D can also stimulate economic growth, and is better 

at doing so than public RD&D15.  

How can governments encourage firms to increase private low 

carbon RD&D? 

70. Business need and opportunity currently drives massive private 

sector expenditure on RD&D globally (over $500bn16 across all 

sectors, not just low carbon, in 2006).  For example, R&D in 

pharmaceuticals is particularly high because there is a credible 

future market for new medicines (see figure 5.5). 

                                       

15 Bayar et al (2007) 'An Analysis of R&D Spillover, Productivity and Growth Effects in the EU', presented at: 

Knowledge for Growth: Role and Dynamics of Corporate R&D, 1st European Conference.  Found at: 

http://iri.jrc.es/concord-2007/abstracts.html 

16 Booz Allen Hamilton, 2007 “The Global Innovation 1000” 

http://iri.jrc.es/concord-2007/abstracts.html
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71. However R&D in the 

energy sector has 

traditionally been low 

(0.5% of turnover in 

energy sector spent 

on R&D, compared to 

4% in the auto sector 

and 14% in 

pharmaceuticals17).  

This is partly because 

the electricity 

generation and fuels 

sectors have in the 

past experienced little 

investment signals 

due to regulated or 

monopoly markets, 

and weak climate change signals. 

72. But as climate change has risen up the political agenda this has 

given firms stronger signals that there are business needs and 

opportunities in clean technology and has driven increased private 

RD&D expenditure (see box 5.2).  

 

                                       

17 European Union Scorecard: http://iri.jrc.ec.europa.eu/research/scoreboard_2007.htm 

Figure 5.5: US private R&D investment 

has increased in pharmaceuticals, where 

there is a business need and opportunity 

 Source: Nemet & Kammen (2007) 

 

http://iri.jrc.ec.europa.eu/research/scoreboard_2007.htm
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Box 5.2: Private RD&D on clean tech is increasing in response to greater 

business opportunities 

It is difficult to define what constitutes climate change RD&D, as 

innovations in other areas can spillover to help tackle climate change. 

However, there is evidence that private RD&D in clean technology now 

appears to be increasing:- 

 Recent years have seen strong interest from venture capital and 

private equity firms, where clean energy technology forms over three 

quarters of proposals. 

 The United Nations Environmental Programme, in its 2008 report, finds 

that in 2007, over $148 billion in new funding entered the sustainable 

energy sector globally, up 60% from 2006. 

 High oil prices and energy security are also driving some low carbon 

RD&D investment – for instance, the automotive sector is developing 

an increasing number of lower or zero emitting vehicles, in response to 

climate change but also to oil prices.  

Advert for the new Tesla Roadster electric sports car (Tesla website) 

 

73. In addition to creating business needs and opportunities in clean 

technology, government should also enable businesses to act.  

Firms will not be able to respond to market signals if there are large 

barriers to entry to markets, so both competition and trade 

policy are very important to impel RD&D activity by helping 

technologies reach markets.  This is discussed in chapter 4. 

74. Intellectual Property Rights are also immensely important to 

provide a value to new technology ideas, and therefore make it in 
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investors‟ interest to fund RD&D. Recent court cases18 in wind 

energy suggest that the IP system does provide a value to 

inventions in climate change technologies, so there is no strong 

case to overhaul the IP system or put in place a different system for 

climate change technologies. However, the urgency of climate 

change makes a strong case for making the IP system more 

efficient, especially in Europe, where on average the process 

takes nearly four years19 from patent application to 

publication. It is much easier for firms to gain funding, for 

instance from venture capitalists, once they have the protection 

that a patent provides, so the time it takes for patents to be 

approved and published could seriously delay the development of 

new technologies, and therefore efforts to tackle climate change. 

What is the role for public intervention? 

75. We argue above that RD&D should be privately funded wherever 

possible, as they are best placed to identify market opportunities, 

respond to demand signals, and therefore tackle climate change 

most cost effectively. However, even if the government puts in 

place the business need and opportunities in tackling climate 

change, as well as the suitable framework for innovation, two 

barriers (knowledge spillovers and short payback periods) remain, 

and will lead to private sector underinvestment.  

76. Public intervention can help overcome these barriers to correct for 

the market‟s underinvestment, but can bring its own risks. It is 

important that government activity complements private RD&D 

by plugging gaps which the private sector would otherwise fill, 

rather than crowding out the private sector. The role for 

governments is summarised in table 5.1 below.  

                                       

18 See http://cepgi.typepad.com/heslin_rothenberg_farley_/ 

19 On average, a granted patent was published 43.7 months after the application was received – 

European Patent Office, 2007 

 

http://cepgi.typepad.com/heslin_rothenberg_farley_/
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Table 5.1: Role for private sector, government and international 

collaboration in supporting RD&D 

TRL  Private sector 

role 

Public support International 

collaboration 

1 Early-stage 

innovation 

(R&D) 

 

Private sector has a 

major role but will 

underinvest 

 

 Governments 

should fund 

R&D 

Coordination to 

share knowledge 

but no global fund 
2  

3  

4  

5 Later-stage 

innovation 

(RD&D) 

 

Private sector should 

provide almost all 

later-stage 

development and 

demonstration 

funding 

 Governments 

should only 

support if there 

are clear 

barriers to 

markets 

developing the 

technology 

Interested and 

willing countries 

should collaborate 

to jointly fund 

projects, but no 

global fund 

6  

7  

8  

9  

What should Governments fund? 

77. Government should support early stage R&D because it is at the 

early stages that knowledge spillovers and long time horizon 

market failures are greatest.  Also, at these early stages, there is 

scope for breakthroughs so the social returns may be high.   

78. Governments should also support applied research, 

development and demonstration and should do so in a way that 

maximises contributions from the private sector. 

79. Most governments around the world already support low carbon 

RD&D to some extent20, with particularly high contributions from 

                                       

20 Governments and non-Governmental organisations spent around $350bn on 

R&D globally in 2006, about 40% of the total; the private sector make up the rest 

(Batelle 2008) 
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the US and Japan (they pay for around 80% of energy sector R&D 

undertaken in the OECD).  

How should governments fund RD&D? 

80. Any RD&D funding scheme, whether set up by charities, venture 

capitalists or the large energy companies, will leave the detailed 

decisions to experts. Similarly, when RD&D is publically-funded, the 

general role of governments is to set high level priorities, such as 

future costs and global potential.  

81. Depoliticised arms-length bodies with committees of experts 

should evaluate proposals based on agreed criteria. This will lead to 

the funding of a portfolio of technologies, which will reduce the 

overall costs of tackling climate change.21   

82. In the area of climate change, it is appropriate for governments to 

set high level priorities, with detailed criteria set at arms length 

from government. Such priorities should be based on reducing 

global abatement costs, e.g.: 

 Global cost-effective potential for the technology22; 

 Potential for technology breakthrough which could dramatically 

reduce costs; 

 Reason to believe that the positive externalities or short 

payback periods associated with the technology are 

particularly significant; 

 Fit with other technologies in the portfolio – to manage risks of 

failure; 

 Good management of the projects being proposed; 

 Benefitting from potential spillovers to other technological uses 

(working with other funding bodies). 

83. It is important to note that this will inevitably involve subjective 

judgements, and is an art rather than a science. Such bodies 

                                       

21 Many funding bodies, such as the European Framework Programme, have a 

range of objectives that represent trade-offs.  

22 Although we conclude that Governments should take decisions based on global 

abatement potential rather than national potential, when considering 

demonstration, the characteristics of the country should be taken into account 

(for instance, demonstrating solar will be more likely to be effective where there 

is sufficient solar radiation). 



 
46 

tend to look at optimistic and pessimistic scenarios for different 

technologies to judge the risk-weighted potential and invest in a 

portfolio. In this manner, public funding will result in a portfolio of 

technologies. This is the practical application of portfolio 

theory.  

 

84. Technology prizes may have a useful role for some technologies, 

where there is a specific problem to solve through a concentrated 

research effort. It is important to note, however, that prizes will not 

drive a portfolio of technologies unless the goals are set widely 

(e.g. abating carbon at lower than $x/tCO2). Prizes can also elicit 

information about what is technically possible, which can then be 

used in policy.  

Should we fund early stage R&D at an international level? 

85. There is no strong case for supporting R&D through an 

international fund. Much collaboration already takes place 

between academics and firms collaborate across borders when it is 

in their interest. R&D is of benefit to the country where it takes 

place rather than the country where it is used23, and national 

                                       

23 For instance, renewable energy companies in the US have benefited greatly 

from demand in Germany due to the generous feed-in tariffs.  

Figure 5.6: Government should feed in high level priorities and 

funding to a committee of experts 

Government  

Committee of experts 

(academics / private sector) 

Sets detailed criteria, 

evaluates proposals, 

funds the best 

High level priorities 

Funding  

$ 

$ 

$ 

$ 

$ 

$ 
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competitiveness currently forms a large motive for public R&D – an 

international R&D fund could stifle this. Such a fund would also risk: 

 Bureaucracy – international funds have track records of over-

regulation, bureaucratic and inefficient allocation processes, and 

as a result end up funding less or less effectively than hoped; 

 Politicisation – innovation and effectiveness of the fund could 

be harmed if such a fund picked winners on a political basis, 

once again likely given previous funds.  

86. In addition, much of the US R&D is undertaken through military 

programmes, for which an international fund would not be suitable, 

and the US Congress has shown reluctance to supporting 

international funds before24. 

87. However, international R&D funds would spur innovation by 

increasing the flow of information between countries. This could be 

beneficial, and a model of „loose coordination‟25 could capture 

this benefit by facilitating countries in sharing knowledge, goals and 

progress, without the risks of a global fund.  

Is there a role for Governments to fund later stage RD&D? 

88. For many climate change technologies, the costs of later-stage 

development and demonstration (especially beyond TRL 5) can be 

managed by the private sector. Additional public intervention may 

be needed if particular barriers are inhibiting the later-stage 

development of a potentially important mitigation technology. One 

example may be CCS (see discussion below).  

89. Where a case is identified for Government support, public-private 

partnership may be appropriate in order to ensure that public 

support is only given to technologies that will be taken on by the 

private sector if successful.  

90. When the Government co-invests with the private sector, schemes 

tend to choose technologies that are more likely to be 

commercialised, gives private firms a direct interest in ensuring 

commercialisation happens and makes public funding more cost-

                                       

24 For example, the lack of support for the International Thermonuclear 

Experimental Reactor (ITER). http://www.spectrum.ieee.org/feb08/5980 

25 Much good work is done on coordinating RD&D workstreams, for instance by 

the International Energy Agency (IEA) 
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effective by leveraging a private contribution. It also more directly 

addresses the risk inherent in development of technologies, by 

reducing the risk that the private sector must take. Flexible 

collaboration can also usefully tackle two major barriers to private 

sector investment in RD&D: knowledge spillovers and the short 

payback periods that investors normally require. Such collaboration 

could take place through schemes with joint public-private funding, 

R&D tax credits or other incentives for private RD&D. 

Box 5.4: The UK Energy Technologies Institute (ETI) is a good example of 

public-private collaboration 

This new UK funding body combines public and private funding on a 1:1 

ratio and will invest in clean energy technology projects. The Board, made 

up of the core funding partners, set high level objectives and priority 

areas, allocate funds and put in place committees of experts to evaluate 

proposals. This means that projects are chosen that are much more likely 

to be commercialised by the large industrial partners, although misses 

out on input from smaller innovative players who are not involved in the 

scheme. Funding companies will get a return on their investment through 

negotiated access to the IP of the companies being funded to undertake 

the research and technology projects. The ETI will support technology 

development not only through direct funding of projects but also by 

addressing R&D capacity needs and regulatory barriers. 

91. Three principles should be observed when structuring public-private 

collaboration:  

 good investment decisions should be facilitated through a 

quality investment committee which allocates funding and 

regularly monitors the portfolio;  

 total investment risks should be reduced through a diverse 

portfolio; but also  

 transaction costs should be reduced, which may limit the 

range of technologies that the fund can invest in as each 

individual investment will bear a transaction cost.  

92. International action to support specific technologies that are 

experiencing very high barriers to private sector development could 

be appropriate in some cases26. This is best addressed through 

                                       

26 One example might be carbon capture and storage (CCS). 
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multilateral partnerships based on national interest and 

circumstances, rather than through a global mechanism involving 

all countries. There may also be a case to fund the demonstration 

and deployment of technologies in developing countries (see 

chapter 6).  

Carbon capture and storage (CCS) for power 

generation: application of the RD&D findings 

Summary 

93. In order to reduce emissions by 50% by 2050 at least cost, the IEA 

predicts that all coal power generation should be fitted with CCS. 

But CCS has never been demonstrated on a full-scale power plant, 

and is very dependent on climate change policy. Demonstration 

of CCS is an urgent priority, alongside which governments 

should fund R&D into new CCS options and put in place regulations 

to enable CO2 storage. 

What is CCS? 

94. CCS involves capturing the CO2 from industrial processes or power 

generation, transporting it and then storing it in a suitable location. 

CCS has potential to cut the carbon emissions from many different 

types of industry, and is already being used to capture and store 

carbon dioxide from gas fields in Algeria and the North Sea. We 

focus on CCS for power generation, which can reduce emissions 

from fossil fuel power stations by up to 90%, and is identified by 

the IEA as one of the top three most important climate change 

technologies.  
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Figure 5.8: CCS is likely to be important to decarbonise electricity 

Reductions in emissions from electricity
(50% reduction from 2005 emissions by 2050, IEA)  

Total abatement 18GT CO2

Plant efficiency

18%

Nuclear

15% Renewables

31%

CCS

26%

Fuel 

switching

10%

 

Why is CCS important? 

95. Globally, CCS is forecast by the IEA to be the technology that could 

abate the most carbon cost effectively27 in the power generation 

sector by 2050. However, it is not yet known whether CCS will be 

viable, or as cheap as predicted, so demonstration of the 

technology is vital.   

96. CCS is not one single technology. It can involve capturing CO2 

before (precombustion or oxyfuel) or after (postcombustion) fossil 

fuel combustion, and storing in various locations (saline aquifers, oil 

or gas fields) around the world. Different options also exist for 

transport (shipping, subcritical or supercritical pipelines) and for 

fuel (lignite, coal, oil or gas are all possibilities). These options are 

at different stages of development, and will exhibit different costs. 

97. CCS is a carbon abatement technology that is additional to power 

generation technology – it will never be a substitute for fossil fuel 

                                       

27 Under central assumptions around CCS and other technology costs, and 

assuming that significant R&D is spent to develop and demonstrate CCS. This 

implies that all coal power stations built after around 2030 without CCS will either 

be retrofitted or stranded. 
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power generation. Therefore, unlike renewables or nuclear, it 

represents an entirely additional cost, making it very dependent 

on governments' climate change policy.  

98. Given a clear long-term demand for low carbon power generation, 

ideally from carbon pricing, we would expect CCS to be developed, 

demonstrated and deployed by the private sector. But constructing 

CCS is a long-term, high risk investment, which will not be 

worthwhile without certainty that governments will act, and the 

post-2012 global policy framework is still very uncertain. 

99. CCS deployment also suffers from regulatory barriers, as 

regulations are required to enable the storage of carbon dioxide 

(see below).  

100. Beyond this, „knowledge spillovers‟ are likely to form a 

significant barrier to the R&D required to encourage the second 

generation of CCS plants, and there may also be spillover effects 

that inhibit companies building the first set of demonstration plants. 

The first CCS projects, if successful, will be very visible signs that 

CCS is possible, so as well as reducing the costs of the technology, 

they may reduce both the risk that the costs are very high, and the 

risk that the technology does not work (in this case, mainly the 

„interface risk‟ of using technologies together).  

101. Firms have short payback periods (as described earlier), and are 

also generally risk averse. These factors, combined with the large 

risk and timescale for returns from major investments in the first 

CCS demonstrations, may act to induce firms to underinvest. 

Compared to other low carbon technologies, CCS is a special case in 

that these barriers are more significant, and there is therefore a 

case for Government intervention in the demonstration of CCS, in 

addition to earlier-stage R&D.  

102. In the same way as R&D can be in the interest of the host country 

(see above), demonstration of CCS may also be of benefit to 

the host country – businesses and workers in that country will 

gain the skills required to roll-out CCS, and may also capture some 

of the global CCS market as a result.  

Governments’ role 

103. The above barriers imply that the major role for governments is to 

put in place both the regulation to enable CCS, and a long-term 

demand signal through carbon pricing. Governments should 
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also urgently support demonstration of CCS, and invest in R&D into 

new, cheaper CCS options. 

104. As discussed in chapter 3, investment in new technologies will be 

forthcoming if there is a business need and opportunity in place. 

CCS is especially dependent on carbon pricing, so global carbon 

markets are crucial for the development of CCS. In order for CCS 

to be incentivised, it should be allowed as a mitigation measure 

both in carbon markets and in the Clean Development Mechanism.  

105. Detailed regulations are required regarding the storage of 

carbon dioxide to take advantage of all the storage possibilities and 

very few countries have implemented such a regime. Transport of 

CO2 across national borders (currently not allowed under the 

London Protocol) would also be crucial to allow countries with no 

storage potential of their own to use CCS. Such regulations also do 

not need to be the same globally, although countries should work 

together to learn from each others‟ experiences, and where storage 

potential is similar and close – a good example of this is the North 

Sea Basin Task Force28, facilitating exchange of information 

between the UK, Norway and Denmark. 

106. Retrofitting CCS can be a very useful option for power generation, 

in the case where there is a risk of very low or very high carbon 

prices in the future.  

107. Actually constructing carbon capture plants may also form a useful 

hedge for power generators. Given that carbon price forecasts are 

very uncertain, building CCS on especially a coal power station 

gives the option of generating electricity profitably with very low 

carbon prices (by switching the CCS off) or with high carbon prices 

(providing the incentive to capture and store the carbon). This 

option value could be important to power generators, and may 

provide a reason to build CCS even when carbon markets are not 

certain or stable.  

108. In addition, there is a role for governments in funding R&D, where 

knowledge spillovers are greatest (as shown earlier in this chapter).  

109. As explained above, the particular characteristics of CCS – the lack 

of long-term demand, potential risks and visibility of 

                                       

28 See http://www.berr.gov.uk/energy/sources/sustainable/carbon-abatement-

tech/ccs/nsbtf/page42482.html  

http://www.berr.gov.uk/energy/sources/sustainable/carbon-abatement-tech/ccs/nsbtf/page42482.html
http://www.berr.gov.uk/energy/sources/sustainable/carbon-abatement-tech/ccs/nsbtf/page42482.html
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demonstration, leading to easier reverse engineering29 - lead 

to barriers to demonstration that are high enough to warrant a 

government intervention.  The UK has launched a competition to 

design and build a post-combustion CCS plant, and there are other 

proposed demonstrations in Norway and the US. 

110. A range of the different technologies, storage locations and fuel 

types should be demonstrated in this first wave of CCS plants. The 

IEA/CSLF (Carbon Sequestration Leadership Forum) 

recommendation that 20 plants are supported globally would be 

an appropriate number to allow a range of combinations of 

technology, storage and fuel to be demonstrated. We support the 

G8 proposal that these 20 plants need to be launched by 2010 in 

order to provide cost and viability information by 2020.  

111. It is important to note that the development of CCS is risky, and 

that it is possible that CCS for power stations is not economic at all, 

either because it is proven to be more expensive than expected or 

because other technologies are developed that are more cost 

effective. Therefore any predictions about CCS development are 

highly uncertain and should not be taken as being prescriptive. 

                                       

29 Garnaut (2008)  
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6. SUPPORT FOR DEVELOPING 

COUNTRIES 
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Why are developing countries important?  

112. Reducing carbon  

emissions below the 

current business as usual 

rate in developing 

countries is necessary 

even if developed 

countries could stop 

emitting carbon 

immediately.  

113. Demand for carbon 

intensive energy is large 

and rising fast, since 

developing countries 

rightly want economic 

growth, and this is fuelled 

by the cheapest available 

energy. Without urgent 

deployment of clean 

technologies, these countries could become “locked-in” to carbon 

intensive industries and energy supplies – making decarbonisation 

more expensive in the future. Incentivising low carbon growth is 

therefore a pressing need. 

114. There are other energy related problems in developing countries. 

Access to energy is a key concern – in India there are still some 

412m people without access to electricity32. Local air pollution 

resulting from the burning of fossil fuels reduces locals‟ quality of 

life - surveys in China suggest that 95% of the population are 

concerned about the state of the environment33.  

                                       

30 GLOCAF modelling, using: POLES energy model (calibrated to IEA World Energy 

Outlook 2006) for energy data; the Netherlands MNP for non-CO2 data; and the 

GCOMAP model for forestry CO2 data.  

31 IEA World Energy Outlook, 2007 

32 IEA World Energy Outlook, 2007 

33 Dr Kerry Brown in “EU & China”, Peter Ludlow 

Figure 6.1: By 2030, developing country 

emissions alone will exceed a “50% relative to 

1990 by 2050” stabilisation trajectory30 
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Figure 6.2: By 2030, China‟s increase in fossil 

fuel electricity generation equals current 

combined totals of USA and EU31 
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115. There are huge 

potential 

opportunities for 

developing country 

firms, which the 

more advanced 

economies have 

already begun to 

exploit. However, 

poorer developing 

countries are less able to exploit these opportunities, for the 

reasons discussed below. 

116. Utilising technologies developed in developed countries is also 

important35. In the past, the bulk of technological progress in 

developing countries was achieved through the absorption and 

adaptation of pre-existing technologies, rather than the invention of 

entirely new technologies. Although less absolute now36, this is still 

important.   

117. Countries will need to reach a “Global Deal” in the next 2 to 3 years 

in order to tackle climate change effectively. Developing countries 

will need to be assured that commitments they agree to are fair in 

comparison to those of developed countries. The need for 

international action to facilitate the transfer of low carbon 

technologies is recognised by Article 4.5 of the UNFCCC.  

118. Although the rapidly expanding middle income countries will require 

priority attention due to the speed of their growth, low income 

countries are also important and to some extent have different 

needs. They will need support to get on to low carbon growth 

pathways. They will also be able to help support – or block – a 

post-2012 agreement.  

                                       

34 Source: WITS database (from World Bank, International Trade and Climate 

Change 2007); Source: Technology Acquisition and Innovation in the Developing 

World: Wind Turbine Development in China and India, Joanna I. Lewis 

35 World Bank: Global Economic Prospects, 2008 

36 New Trends in Technology Transfer Intellectual Property and Sustainable 

Development Series (John H. Barton ICTSD / Stanford Law School, February 

2007) 

Figure 6.3: China and India are already exploiting clean 

technology opportunities34  
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Understanding technology needs: barriers to clean 

technology rollout in developing countries 

119. The status quo does not support sufficient rollout of clean 

technologies in developing countries to enable low carbon high 

growth.  

120. In developing countries there is a huge amount of cheap (or 

negative cost) carbon abatement potential37, such as energy 

efficiency, supercritical coal, cogeneration, and established 

renewables. However, the existing policy framework does not 

create sufficient demand for these technologies. 

121. Most developing countries have fossil fuel subsidies38, such as those 

for kerosene and liquefied petroleum gas in India. Although 

understandable, this further reduces demand for clean 

technologies.  

122. Firms operating in developing countries also face the barriers to 

developing technologies for the market - discussed in Chapter 

4, on a greater magnitude than developed countries do. In 

particular: 

 weak policy frameworks (including complex regulation and poor 

enforcement of IPR) 

 weak capacity to absorb technological know-how 

 poor infrastructure 

 weak capital markets 

123. Since this is principally due to their lack of resources and weak 

institutions, these barriers will be most intense in the poorest 

countries, and less prominent in richer middle income countries.  

124. With regard to early stage R&D, innovators in developing 

countries are likely to face the same barriers as those in developed 

countries.  

                                       

37 i.e. the potential to reduce the level of carbon emissions below their business 

as usual level. Note: this does not necessarily mean a reduction in total 

emissions, and there will continue to be upward pressure as developing countries 

continue to grow economically. 

38 Too hot to touch, Economist, Nov 29th, 2007 
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125. Public R&D can help overcome these barriers, but R&D activity does 

not have to occur in the location where the technology will be sold. 

It should take place in places that are most effective at R&D and at 

feeding this activity into commercialisation.  

126. In general, this should not result in the development of 

technologies required in developing countries being under-funded, 

as, for example, funding for malaria drugs were. Firstly, unlike with 

malaria drugs, low carbon technologies will also be demanded in 

rich countries (e.g. solar PV, wood burning stoves). Also, carbon 

market interventions and other policies will create an effective 

demand for low carbon technologies in developing countries, 

increasing the incentive for private sector R&D.   

127. However, markets do not always function efficiently and information 

constraints could mean that technologies which are needed in 

developing countries are not picked up by market signals. A 

mechanism to share information, and bring it to the attention of 

researchers and funders in rich countries could help avoid 

developing country needs being overlooked.   

128. Also, local markets and circumstances vary. Due to the existence of 

knowledge spillovers, some technologies may require public support 

to demonstrate their applicability to local circumstances.  CCS is 

likely to require demonstration in developing countries, since it is 

heavily dependent on local conditions on the ground (e.g. existence 

of and access to storage sites). We estimate that $10bn would be 

needed in the period to 2020 for this39. There may be other 

candidate technologies40. 

Intellectual property rights 

Should we take specific action to make intellectual property 

cheaper for developing countries? 

129. Some developing countries suggest that the cost of clean 

technology IPR makes the technology too expensive for firms to 

afford; or that specific action on IPR would be the best way to help 

                                       

39 Demonstrating 10 plants (see chapter 5) 

40 Note: there are plenty of technologies that could potentially be deployed in 

developing countries e.g. hydro, CSP, wind power, but as yet we do not have 

strong evidence that these require public demonstration.  
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them. A similar argument was successfully made in the drugs 

sector, but the limited number of existing case-studies suggest that 

low carbon technologies are subject to different business 

models, and that access to IPR is not a substantial barrier to 

market entry. See table below for examples.  

Table 6.1: IPR is unlikely to be significant barrier to clean technology 

access41 

 

130. The normal way to pay for IPR – for all technologies, not just 

climate change technologies – is as part of the project or purchase. 

To avoid problems such as buying up patents that soon prove to be 

less than the best technology, or reducing incentives to innovate, 

current evidence suggests it would be better to subsidise IPR 

indirectly by paying some of the cost of clean technology 

rollout (e.g. through carbon finance). The Government has 

conducted joint studies, in particular with India, which reach similar 

conclusions, but we need to develop a more convincing narrative in 

order to address concerns raised in the negotiations.   

131. Whilst we are fairly confident in these conclusions, the evidence 

base is still relatively thin, and more case studies may lead to a 

different conclusion. If new evidence suggests a significant barrier, 

there may potentially be a rationale to reduce IPR costs directly: 

                                       

41 Drawn from sources including Intellectual Property and Access to Clean Energy 

Technologies in Developing Countries, John Barton, 2007 
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 Direct funding. Public transfer of IPR to developing countries - 

either by buying existing licenses, or by creating public IPR 

through public private partnerships;  

 Amending international IPR frameworks. Agree through WTO 

favourable terms for developing countries, allowing them more 

scope to force firms to license at favourable rates (“compulsory 

licensing”), or forcing firms to license more cheaply in 

developing country markets (segmented markets), or banning 

firms from suppressing IPR they don‟t use (“use it or lose it”). 

132. However, we should be very cautious about the use of such direct 

interventions, since they are likely to:   

 undermine efficiency and waste public money – there is a 

risk that an “IPR fund” would end up with redundant patents, 

since the market is likely to be more effective than Government 

at choosing which technologies to support, especially as we are 

trying to drive much faster innovation;  

 diminish the incentive to innovate – potential loss of 

commercial interests to innovate; 

 overestimate the significance of IPR relative to other 

barriers to clean technology rollout; 

 be difficult to implement – WTO reform is a slow and complex 

process; creation of public IPR through public private 

partnerships can result in complex ownership disputes 

133. Financial support for cost-effective low carbon projects (e.g. 

through the carbon market, discussed below) – which would have 

the indirect effect of reducing the cost to developing country firm of 

purchasing IPR – is likely to be preferable. 

Financing technology rollout in developing countries 

There is lots of cheap abatement in developing countries 

134. There is lots of cheap abatement potential in developing 

countries. 

135. It is in everyone‟s interests that this abatement is achieved, but 

this immediately raises the question of who should pay. The 

question of who should pay is not addressed in this paper, but is 

inseparable from the overall shape of the deal.   
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136. However, there is a subsequent question of how rich countries 

should make their contribution to the costs of abatement in 

developing countries: either via carbon markets or via public 

financing. 

Potential and importance of the carbon market 

137. Carbon markets have some important advantages. They generate 

finance flows automatically, not relying on donor contributions. 

Also, by bringing in companies, they create incentives to reduce 

emissions cheaply and efficiently.  

138. A global cap and trade system with ex-ante allocations of permits 

would minimise the transaction costs involved. This would allow all 

international technology financing to happen through the global 

carbon market42. However, currently this is both practically (due to 

lack of institutions and legal frameworks) and politically far from 

deliverable. Therefore, there are necessary steps to reach our long-

term objective. 

139. The Clean Development Mechanism (CDM) created $4.8bn of 

annual finance flows in 200643.  

140. Tightening emissions caps of Annex 1 countries to get the world 

onto a desired stabilisation trajectory could increase this flow. 

141. However, as identified in other Whitehall workstreams, the current 

CDM system is imperfect, and there is a need to reform it44. 

142. Also, as discussed later, the current inefficiencies of CDM increase 

the global cost of abatement – and there are potential implications 

of this for using public financing as an alternative.  

Non-carbon market financing 

What public financing may be needed? 

143. However, in some circumstances, the carbon market may not be 

the optimal response. We have identified two potential categories of 

                                       

42 Although there may still be a need for international public finance to continue 

to build capacity in the poorest countries 

43 Primary transactions; source: World Bank, the State and Trends of the Carbon 

Market, 2007 

44 The reform of CDM is not in the scope of this project 
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reasons why public funding may be needed to supplement the 

carbon market:  

 (A) “Market failures”. There are areas of abatement that are 

not responsive to the price mechanism, so the carbon market 

cannot cost-effectively reach them. Public financing to pay for 

additional policies may be more effective here: 

 e.g. to pay for the implementation of standards, 

demonstration, capacity building  

 (B) “Policy limitations”. The carbon market may be 

imperfect, or the use of it may pose political problems. Public 

financing for technology may help a “global deal” to be reached   

144. The political side of this in particular is preliminary analysis which 

should be significantly refined as an integral part of the 

Government‟s work on a global deal. 

145. Public financing could be provided bilaterally – although there may 

be advantages to delivering this financing through a multilateral 

fund, as discussed below.  

Potential rational for public financing (A): technologies that are 

unresponsive to price mechanisms 

146. Using the framework of this paper, there are three areas where the 

carbon market may need additional support from public finance45:  

 Creating business need and opportunity: As discussed in 

chapter 3 above, carbon pricing is not an efficient way of 

realising abatement in sectors where the purchase of equipment 

is not very responsive to running costs – notably road transport, 

appliances and buildings. Many of these savings are cost-

effective even without worrying about climate change. A 

technology fund could be used to: 

 Provide finance flows to cover any standards that have a 

positive cost (many do not) 

 Provide support for up-front costs 

                                       

45 It might be possible to provide finance from a programmatic approach to CDM, 

but (especially in the case of capacity building and demonstration) at the risk of 

debasing the carbon market 
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 Enabling action: Capacity building of institutions and skills – to 

support the private sector involvement in the global low carbon 

economy.  

 This would include support for the introduction of regulation 

and standards just described, and support to help enforce 

regulations and laws (e.g. IPR). The amount of support could 

be weighted to take into account poverty indicators 

 It could include improving the ability of firms to adapt and 

utilise technologies (absorptive capacity), potentially by 

incentivising joint ventures, or through state-backed 

innovation centres.  

 Additional technology support: “First demonstration” of 

technology in country.  

 CCS has been identified as a technology for which 

demonstration support is required  

 Other candidate technologies might include concentrating 

solar power (CSP) or second generation biofuels. 

Potential rational for public financing (B): policy limitations of the carbon 

market   

147. Even where the carbon market is effective in principle, it may be 

imperfect, or pose political problems. Public finance might be 

needed where there are policy limitations to using the carbon 

market, e.g.:  

 Carbon market inefficiencies: may increase global 

incremental costs; 

 Limits to the amounts of international trading permitted 

(“supplementarity rules”):  may reduce the demand for 

cheap abatement in developing countries, and increase global 

incremental costs. It may also reduce the amount of 

technological change that happens in developing countries; 

 Time-scales needed to change markets to allow sufficient 

finance flows; 

 Carbon trading potentially allows very large profits (or “rents”) 

to be exploited, which may be politically unacceptable.  

148. We have begun some work to assess these factors. Further work is 

needed to take it forward.  
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Key principles public financing should adhere to 

149. Where paying incremental costs46, public financing should result in 

additional carbon savings, i.e. relative to existing carbon 

reduction commitments. It will be necessary for recipient countries 

to determine their carbon baseline, identifying the remaining 

savings potential over and above expected carbon finance and 

other MDB funding.   

150. In accordance with the “Paris Declaration of Aid Effectiveness”, 

public financing should take a country-led approach. Funding 

decisions need full buy-in from recipient countries, in order for 

them to be implemented effectively on the ground. They also need 

to fit with the country‟s wider strategic needs (e.g. security of 

supply / poverty reduction). In some cases47, loans may be 

appropriate – and these should also fit with standard development 

practice.   

151. Funding should be “technology neutral”. What specific 

technologies are needed will differ from country to country.   

152. Post-2012 public funding should draw from experience learnt from 

pilot funds rolled out in the run-up to a “global deal” – namely the 

“Clean Technology Fund”, delivered by the World Bank.   

Delivery institutions and governance of international public financing 

153. In principle, the various elements of the finance required could be 

delivered separately and bilaterally.  

154. However, there may be advantages to delivering this financing 

through a single multilateral fund, including reduced transaction 

costs, transparency (especially relating to the need to prove the 

actions are Measurable, Reportable and Verifiable) and to prove 

commitment to developing countries.  

155. If such a multilateral fund is necessary, there are delivery and 

governance questions that would need to be resolved.   

                                       

46 This will not be possible for funding for capacity building and demonstration, for 

which direct emissions reductions cannot be quantified 

47 Especially for funding that does not lead to direct carbon savings, such as 

capacity building 
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156. There are also questions regarding the governance of the fund, 

i.e. which countries decide what to fund, and how voting rights are 

distributed.  

157. Further work is needed to develop a system of governance that is  

acceptable to all parties.   

How should public financing be funded? 

158. Decisions about the sources of funding for technology will need to 

be considered alongside funding for other needs such as adaptation. 

Risk management 

159. There are a number of associated risks, such as lack of total control 

of the process resulting in failure to deliver the desired outcomes 

(e.g. carbon abatement).  

160. Building a regime which ensures actions on both sides are 

measurable, reportable and verifiable (MRV) will help to this end.  

161. Further strategies to minimise these risks may include “payment on 

delivery”.  

How should post-2012 public financing be used in negotiations 

162. Public financing should be used strategically as part of international 

negotiations. This is a matter for departments, but the following 

observations may be relevant:  

 unlike the proposed pre-2012 Clean Technology Fund (CTF), 

post-2012 public financing can be negotiated as part of an 

overall package of commitments under a new international 

agreement on tackling climate change.   

 the negotiating strategy should recognise the complementary 

and dynamic relationship between public financing and the 

carbon market / caps: to meet a given burden-sharing level of 

support, the lower the potential of CDM, the larger the public 

financing will need to be. 

Additional action required in the run-up to a post-2012 deal 

163. In addition to negotiating with countries to fine-tune the technology 

package all are happy with, there is a need for targeted support to 

help countries understand their own technology needs, and to 

access the multilateral public funding on the table (e.g. the World 

Bank delivered Clean Technology Fund). Due to their importance in 
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shaping a global deal, this support should focus on the BRICS 

countries.   

 

 

 



 
67 

7. KEEPING AN OVERVIEW OF TECHNOLOGY 

USING ROADMAPS 
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164. The previous chapters discussed the barriers to the development 

and deployment of low-carbon technologies along with the most 

appropriate policy responses. This chapter discusses how roadmaps 

can be used as a tool to inform the timing and stringency of 

action.   

165. Technology roadmaps, such as those produced by the International 

Energy Agency (IEA), forecast the likely technologies that can be 

used to tackle climate change most cost effectively. That is, they 

set a stabilisation goal and then answer the question of how 

best to achieve that goal. 

166. To be most effective, roadmaps need to be produced by looking at 

all technologies in the round - as the IEA's ones do. That will 

enable policy for transport, for example, to be set properly in the 

light of likely reductions in other sectors, enabling the most cost-

effective overall mix. 

167. However, as mentioned in chapter 1, the future is highly 

uncertain and these forecasts are sensitive to changes in 

assumptions and real world circumstances. One technology 

advancing faster or slower than predicted could change the relative 

importance of all other technologies.  

168. For example, changing assumptions on technology costs resulted in 

a change in the IEA‟s roadmap results between their 2006 and 

2008 reports48.  This includes: 

 Doubling of marginal abatement cost - from $25/tCO2 to 

$50/tCO2 

 Abatement in the power sector from CCS falling by 

approximately 30% 

169. There is already cause to believe that the IEA 2008 modelling will 

not be an accurate picture of future least cost abatement.  Some of 

the assumptions show signs that they may be out of date. For 

example: 

 Action the IEA suggests needs to happen between now and 2020 

in electric cars looks close to being fulfilled already. 

                                       

48 IEA Energy Technology Perspectives reports published in 2006 and 2008.  

These both included an “ACT scenario” whereby emissions in 2050 were cut to 

2005 levels.   
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 A major breakthrough in solar technology would change the 

projected mix.  At least one US company49 is already claiming a 

breakthrough equivalent to the IEA‟s projection for 20 years in 

the future. The US Government‟s Solar America Initiative50 has 

adopted as its objective to make solar electricity from 

photovoltaics cost competitive with conventional forms of 

electricity from the utility grid by 2015.  

 The IEA predictions take little/no account of third generation 

biofuels; this is a justifiable modelling approach given the huge 

uncertainties, but may well not reflect the world in ten years‟ 

time. 

170. This is not to disparage the IEA modelling, which is probably the 

best available.  However it does point to the need for a policy 

framework that is flexible to changing circumstances, and 

does not lock in to predictions which will quickly date. This is doubly 

true if major efforts are being made to accelerate innovation - 

technologies and their costs will certainly be different. The 

framework presented in previous chapters aims to provide this 

flexibility. 

How can roadmaps be used to facilitate flexible policy making? 

171. As emphasised above, roadmaps are not intended to dictate action 

that commits to a specific development path. Rather, roadmaps 

are valuable because they can act as a benchmark to determine 

whether we are on track and provide insights into likely sources of 

potential abatement.  

172. For example, the IEA roadmaps suggest that the top three 

emissions saving technologies are buildings and products 

energy efficiency, road vehicle efficiency and hybrids and 

CCS for power generation. Our policy framework can be applied 

to these as follows: 

                                       

49http://www.nytimes.com/2007/12/18/technology/18solar.html?ex=1355634000&en=091b068

19623f9d0&ei=5088&partner=rssnyt&emc=rss 

50For more on this initiative see 

http://www1.eere.energy.gov/solar/solar_america/ 

http://www.nytimes.com/2007/12/18/technology/18solar.html?ex=1355634000&en=091b06819623f9d0&ei=5088&partner=rssnyt&emc=rss
http://www.nytimes.com/2007/12/18/technology/18solar.html?ex=1355634000&en=091b06819623f9d0&ei=5088&partner=rssnyt&emc=rss
http://www1.eere.energy.gov/solar/solar_america/
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Table 7.1: Key policy interventions required for the IEA‟s top three 

emissions saving areas 

•Demonstration

•R&D

•CO2 storage rules

CCS for power generation 
(also helps for industry)

•CO2 standards

•R&D

•Pricing

Road vehicle efficiency and 
hybrids (also acts on 
hydrogen & electric 

vehicles)

•Global standards for most 
products and traded 
building components

•National standards for 
buildings

•Some R&D

Buildings and Products 
Energy Efficiency

Key Policy ActionSector

•Demonstration

•R&D

•CO2 storage rules

CCS for power generation 
(also helps for industry)

•CO2 standards

•R&D

•Pricing

Road vehicle efficiency and 
hybrids (also acts on 
hydrogen & electric 

vehicles)

•Global standards for most 
products and traded 
building components

•National standards for 
buildings

•Some R&D

Buildings and Products 
Energy Efficiency

Key Policy ActionSector

 

 

173. More specifically on transport roadmaps can be used to set vehicle 

standards. Transport is chosen due to the lack of responsiveness 

of consumers to price signals discussed in chapter 3, meaning a 

carbon price is not sufficient to ensure the least-cost abatement is 

realised. Because of this lack of responsiveness to price signals, 

standards should be used to create demand for low-carbon cars, 

therefore achieving cost-effective CO2 reductions. Since demand for 

efficient buildings and appliances face similar barriers to those 

experienced in the transportation sector, a similar methodology 

applies.  
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Figure 7.1: Illustration of how a cars road map would be used to set 

vehicle standards 
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174. The roadmap was used to derive the likely abatement that will 

come from cars based on the cost of alternative abatement 

options. Standards are the most cost efficient way of creating 

business opportunities for vehicle manufacturers to sell clean 

vehicles.  The road map indicates how tightly standards should be 

set, under a range of different scenarios.  

175. In the short term, standards should be specific – the EU target of 

120g/km for new vehicles by 2012 for example. This implies that in 

the short term roadmaps may be used prescriptively. This reflects 

the greater level of certainty attributed to developments in the 

immediate future.  

176. For the long term, policy makers should indicate a range based on 

existing knowledge but should refrain from setting a specific 

standard. This range should then be narrowed down to a specific 

standard as time progresses. 

177. The adoption of a range allows flexibility since it provides the 

option of adjusting the stringency of individual sectoral targets 

according to the development of different technologies allowing the 

optimal technology/abatement mix to be realised while at the same 
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time providing valuable signals to the private sector by signalling 

the direction of action.  

178. It should also be noted that this roadmap is outcome focused and 

does not dictate the likely technologies that will deliver the 

necessary level of abatement. Adopting an outcome based 

approach has the distinctive advantage in that it doesn‟t attempt to 

„pick winners‟ and therefore avoids potentially expensive policy 

reversals.  

Should roadmaps be used as a strict guide for public RD&D? 

179. Roadmaps should not be used as strict guides for public RD&D 

support because: (i) due to the nature of technological innovation, 

significant changes can and often do occur over relatively 

short time periods; and (ii) roadmaps by themselves do not say 

anything about the likely barriers faced by different technologies 

and therefore the most appropriate policy response.  

180. This does not mean that roadmaps have no role to play. Rather, 

what is important to bear in mind is that while roadmaps are a 

necessary tool for tackling climate change, they are not sufficient 

and should be used in conjunction with wider analysis surrounding 

the factors that drive technological change.  

181. Roadmaps should not therefore be used by themselves as a way of 

directing public research budgets or government procurement. 

182. Chapter 5 has a full discussion of the criteria that should guide 

public RD&D expenditure. 

What are the principles that should guide the production of good 

roadmaps?  

183. Principles of good roadmaps are: 

 include a range of scenarios to reflect uncertainty about the 

future 

 periodic review to take account of new information 

 based on robust modelling. 

How do we know if we are on track to reduce abatement costs at 

an economy-wide level? 

184. The purpose of technology policy is to reduce the total cost of 

meeting the desired stabilisation target.  Policy should not be 

focused on reducing abatement costs of specific technologies.  
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185. To measure progress will first require identifying a success metric. 

The success metric that should be used here is the expected 

cumulative cost of meeting the desired stabilisation 

trajectory. As time progresses, this metric will consists of past 

monies spent as well as anticipated future cost. An illustrative 

example of how such a success metric will look like is produced 

below:  

Figure 7.2: Successful technology policy would mean that estimates of the 

total cumulative abatement cost to 2050 would fall 
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Data source: 2008 estimate of $45 trillion is from IEA Energy Technology 

Perspectives 2008.  2015 and 2030 figures are for illustrative purposes only. 

 

186. In this instance, total level of abatement is held constant and the 

cost of action is calculated in different time periods. The success, or 

failure, of technology policy will therefore be judged on whether the 

cost of mitigation can be brought down. In this illustrative 

example, mitigation costs have successfully been brought down. 

How do we know if we are on track to achieve cost effective 

emission reductions in particular sectors? 

187. As explained above, the optimal sectoral mix is likely to change 

over time as technologies change. The two most important metrics 

are whether the world is on the desired stabilisation trajectory 

and whether costs are coming down. 

188. However, roadmaps can provide a rough guide at a more detailed 

level, e.g.:  
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 gCO2/km for motorised vehicles; 

 gCO2/kWh for the electricity generating sector; and 

 kw/yr for appliances such as fridges which are in constant use. 

189. These can be compared with the latest roadmaps to see whether 

they still look right in the context of all sectors and technologies. 

Should roadmaps be produced at a national, regional or 

international level? 

190. Roadmaps can usefully be produced at all levels.  Roadmaps should 

be produced at the level at which policy action should be taken 

at. For example, the level for the EU car efficiency standards could 

usefully be informed by a roadmap at the EU level, but this should 

be set within the global context. 

191. National roadmaps should be produced (again within a global 

context) and used by national governments to check whether they 

are on track to meet their own targets, and also to provide 

guidance regarding the level of abatement to seek from different 

sectors/technologies since some action will be taken at the 

national level.  For example, in countries with uncompetitive 

electricity markets (e.g. China), roadmaps can provide a useful 

guide to the level of ambition to set for this sector.  

 


