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EXECUTIVE SUMMARY  

Reducing costs of tackling climate cha nge  

¶ 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 techn ology 

policy  can be seen ï and, importantly, measured ï 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 wher e they believe there is a business opportunity  or 

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

year on RD&D to maintain and expand their profits 1.  

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

to invest in l ow 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 detaile d 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 : O ur recommended policy framework for addres sing 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  ï ideally the 

same globally ï 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 CO 2  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 5.3 GtCO 2  globally from very cost effective 

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

designed as CO2  standards . Increasing i nternational 

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

cars will  help to further r educe costs through allowing economies 

of scale,  encouraging  more trade and competition and reduc ing  

compliance and policy costs; it wi ll 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 i nternational collab oration 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 pr ivate investment, initiated as 

businesses respond to government policies to create opportunities in 

clean technologies.  

¶ However e ven with business opportunities, firms may under - invest 

in early stage research  because they  cannot capture all the returns 

fro m 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 ï 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 . 

¶ I t 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 UKôs 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, ñloose collaboration ò, such as information sharing, is 

beneficial. Intern ational 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 ôs 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 emissio ns, 

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 UKôs competition) 

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

range of technologies, fuels and storage locations.  Alongside 

demo nstration, 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  experi ence 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 ambit ious caps on emissions. 

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

financing  could play an important supporting role:  

¶ ñMarket failuresò: There are areas of action that are not 

responsive to a price mechanism , so the carbon market 

canno t 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).  

¶ ñPolicy limitationsò: 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, pub lic 

finance might be needed as an alterna tive to using the carbon 

market.  

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

developing countries directly  ï as suggested by some developing 

countries ï may create problems, such as buying up pat ents 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. T hey  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 k ey 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 sing le 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 relia bly and cheaply from renewable energy than 

from coal ï an aim, for example, of Larry Page & Sergey Brinôs 

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 ï and, importantly, measured ï 

as being to reduce the costs of tackling c limate change .  

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

and innovating to tackle climate change cheaply  ï an explicit focus 

on reducing costs. A good example of successful innovation to 

reduce costs is the Tata Nano, the car the y 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 publi shed analysis of what technologies the 

world could use to make dramatic emission reductions by 2050 at 

least cost 4.  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 vehic le 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 : R oad vehicle e fficiency, 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 ï how can we deal 

with this?  

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

might look like ï 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.  

¶ Chapter s 3 to 6 : exploring wha t 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 IEAôs top three technologies. 

 

ñThere 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.ò ð 

Albert Einstein ï proved wrong within a decade 

ñWe will never make a 32 bit 

operating system.ò ð Bill Gates 

ï within a decade he was proved 

wrong 

  

ñFooling around with alternating current is just a 

waste of time. Nobody will use it, ever.ò ð 

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 

dec ide the stringency and timing of policy action and assess  

whether the economy as a whole is on track to decarbonise.
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TECHNOLOGY POLICY  
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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 s kills  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. 

pharmace utical firms and car manufacturers invest  $190 bn per year 

to maintain or increase their market share and profitability 5. 

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 : B arriers inhibiting  innovation, from the firmôs perspective 
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13.  The first two columns in figure 2.1  are essentially about one thing ï 

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 i n 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 an d opportunities . The barriers and policy prescriptions will 

be familiar from wider climate change policy, but i t 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 enabl e  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 als o 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 : P olicy framework for reducing technology costs  
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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 c reated. 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 be yond 

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 decision s 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 ï which is where carbon pricing 

acts ï 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 sav ings will make mitigation fr om 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 eviden ce 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 cars 6 (see figure 3.2 ) ) . This is 

because fu el costs are a critical part of airlines runni ng 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, 

environmen t and emissions.  

23.  Running costs will  have some effect o n consumers purchase 

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

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

Explorer SUV (by 41%) and an increase in sa les 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 GtCO 2 /yr by 2050 8 . These are primarily 

energy efficiency and therefore some of the most cost effecti ve 

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 sec urity of supply  and prosperity .  

                                       

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

of total savings of 35 -48GtCO 2 by 2050 in the IEA ACT and BLUE scenarios.  

 
  



 
21  

Figure 3.3 : S ome of the most cost effective emis sion savings come from 

energy efficiency in building, transport and appliances  

 

Source: © OECD/IEA  Energy  Technology Perspectives,  2008  

W hat additional policies would be mos t effec tive at creating 

business needs and opportunities while  bringing down  technology  

costs  as much as possible?  

25.  There are ma ny types of policies which  governments can and do 

use including labelling, fiscal incentives,  prizes,  government 

procurement or C O2/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 

revised standard was introduced.  They  overcome most of the 

barriers set out at the start of this report and send the strongest 

signal  to the private secto r 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 CO 2 standard, minimum performanc e 

standards  which gradually remove the least efficient products from the 

market e.g. Japanôs Toprunner programme, or maximum CO 2  

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

These are sometimes called regulations or regulatory stand ards.   

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 ou t both energy efficient and 

low carbon technologies; CO 2 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 techn ologies with lower lifecycle emissions . G iven 

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

Figure 3.4 : I mprovements in US vehicle efficiency were  only made when 

required by CAFE  standards  

  

Source: U S 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 in dustrial 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 increa sed 

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

introducing the standard is that it is cost effective o ver 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 l arger 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 pri ces to drop from around $30 per lamp to less than $5.  

Figure 3.5 : S tandards have reduced both energy consumption and cost of 

technologies  

 

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

equipment , 2007  

30.  Previous exper ience  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 Californiaôs vehicle pollution targets in 1994 

were lower than anticipated by car makers because they didnôt 

predict that innovation would result in new cheaper alternatives 

to the technologies they thought they w ould have to use.  

How much CO 2  could standards save and at what cost?  

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

GtCO 2 /yr  of savings by 2030 from energy efficiency alone  This 

includes at least 0.6GtCO 2/yr  from buildings, 2.3  GtCO2/y r  from 

appliances, 1.5GtCO 2/yr  from lighting and 0.9 GtCO 2/yr  from 

transport 9. Standards could realise more savings in buildings and 

transpor t  if designed in a way which encourages  development 

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

hydr ogen 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  stand ards must:  

¶ Be o utcome focused  to allow multiple competing technologies 

(e.g. CO 2/km) ;  

¶ Be s et  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 w hich 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 r eviewed  regularly ;   

¶ Be e nforced ï without enforcement standards will not drive 

innovation . 

34.  There are  risks  which coun tries 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 multinat ionals).  

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 o f standards for  tradable  

products, and risks to manage  when doing so  

Type of 

product  

 

Manufactured 

specifically for 

local 

circumstances  -  

generally not 

tradable  across 

countries  

Å buildings and 
bespoke air 

conditioning  

Mass market products ï tradable 

across countries  

 

Å fridges and washing machines -  usually 

regionally traded  
Å vehicles -  globally traded but tailored to 

regional requirements  
Å products such as IT, lighting, TVôs - 

traded globally and mass produced  

 

 

 

Potential 

b enefits to 

harmonising 

standards 

acr oss 

markets?  

 

No  -   

strong domestic 

standards most 

effective.  

Use roadmaps to 

guide how stringent 

domestic standards 

should be  

 

Yes  

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

Å buildings and bespoke air conditioning  
Å firms more w illing to invest in R&D  

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

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

trade disputes.  

= lower technology costs achieved 

quicker  

Ris ks which 

need to be 

managed  

N/A  

Å common standard set at lowest level 
rather than best level  

Å bureaucratic and time consuming ï 
agreeing vehicle fuel testing procedures 
through UN to take 7 years  

 

How much harmonisation is needed before costs of low carbon 

t echnologies 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 complem entary 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. F or 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 trad ed 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 ana lysis is needed to determine the 

critical mass needed for individual pro ducts.  

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 

maj or developing countries 38 minimum standards have been 

implemented with 7 planned 10 . 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 e fficiency 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 q uality of standards  is not good enough -  quality varies 

considerably across countries, w ith many being o ut of date, not 

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

building regulations in rural China is on ly 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 CO 2 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  ï IEA Energy Technology Perspect ive 

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 TVôs, 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 t he 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 t here 
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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 intere st  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 ómaximise 

implementation ô 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 

stan dards 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 

pri ce, 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 max imum of 

xxgCO 2/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 o r CO 2 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 

deplo yment 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 t rue 

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 donôt fulfil their potential or even fail when they should 

succeed.   

Figure 4.1 : B arriers 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 indiv idual 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 crit ical 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. F ixed networks  are like natural 

monopolies and government ha s 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 alon gside private sector investment in 

developing such a network (cf. UKôs 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 internationa l 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 n on - 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 remo val 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 abo ut 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 ensu ring 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 

standa rd 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 ñWarming Up to Tradeò, 2007 
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58.  Tacklin g 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 fall ing 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 photovoltai c technology.  

Figure 5 .1: experience curves for solar, showing costs falling as 

cumulati ve 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 bett er 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 
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improvements  (see figure 5 .2 below) . 

Figure 5.2 : High levels of RD &D in the IT sector ha ve  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 ïthe 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 ïthe 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 ïthe 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 opport unity  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 lik e 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 fail 12 , or become 

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

                                       

12  As shown by the co ncept as the óUniversal Success Curveô, in ñ3,000 Raw Ideas 

= 1 Commercial Success!ò, 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 rel atively 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: ñWe 

aim for a portfolio  thatôs 

been built up by putting 

together the best 

opportunities we can find ò13 . 

63.  The knowledge gained from 

successful or failed RD&D 

feeds back to activit y 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 ma ny 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 level 14  1-4), 

and a pplied 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) f or 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 w ave  

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 dev elopment is óknowledge 

spillover ô, 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 óspilloversô 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 r equire a 

portfolio of clean technologies .  This is because there is no 

ñsilver bulletò technology, and there are risks associated with 

banking on a small range of technologies coming through.  



 
40  

Therefore, learning the lesson from the venture capitalists abo ve, 

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, 

government s should address the barriers above (knowledge 

spillovers and short payback periods) using policy to boost 

RD&D .   

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

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

bett er 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 innovator s, 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 l icence 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&D 15 .  

How ca n 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 $500bn 16  across all 

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

phar maceuticals 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 ñThe Global Innovation 1000ò 

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 

pharmaceuticals 17 ) .  

This is partly because 

the electricity 

generatio n 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 b usiness need s 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 (2 007)  

 

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  

I t is difficult to define  what constitut es 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 a nd 

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, o ver $148 billion in new funding entered the sustainable 

energy sec tor global ly, up 60%  from 2006.  

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

RD&D investment ï for instance, t he automotive sector  is developing 

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

climate change but also t o 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 no t 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 Prop erty Rights  are also immensely important to 

provide a value to new technology ideas, and therefore make it in 


