
[image: image1.png]CLIMATECHANGE COPENHAGEN 2009

Global Risks, Challenges & Decisions 10-12 March




Adoption paid by non-adopters: an innovative techno-economic policy to spread clean technologies

Valentino Piana

Climate change mitigation and adaptation measures will require the fastest possible adoption rate of clean technologies to substitute the most polluting ones. Based on insights of diffusion theory and robust empirical evidence, an innovative tax scheme is proposed, in a wider framework of diffusion as a process involving social, technological and economic aspects. 

1. Objectives of the scheme

By repetitively levying a small tax on non-adopters to finance adopters, a responsive mechanism of stimulation is put in place to “foster an efficient level of […] diffusion of greenhouse gas emissions-reducing technologies” (Duval, 2008) at no cost for the policy-maker and with an electoral majority of consensus in the population at large. Adopters enjoy a boost of profits, whereas many people are left out of the scheme (e.g. because they are poor) while receiving the environmental benefits. Administrative and monitoring costs are kept low by trivial methods. With slightly higher monitoring costs, the same mechanism can target performance thresholds (e.g. levels of CO2 emissions) instead of specific technologies.
2. Background

The scheme is a supplement to “emission reduction targets and allocation rights”, as requested by a growing number of stakeholders (Ecosecurities, 2007), to frame the political discourse on mitigation and adaptation measures as opportunities for “technological diffusion & profit” instead as a “burden on taxpayers and industry in trouble”. To quickly begin an effective reduction in emissions from the bottom up is as important as a global agreement on long-term targets: the two goals mutually reinforce each other, by breaking scepticism and fears.

By deepening the Technology-Centred Approach (Barrett, 2003), our proposal emphasises the large diffusion of existing clean technologies at their early commercialisation stage, so it can have an immediate impact on emissions and the profitability of innovators.

3. Diffusion as techno-social-economic process

The diffusion of an innovation in a population of potential users has been studies since decades. The standard theory of diffusion of technological and behaviour innovations (e.g. Rogers, 1962, revised in 2003) has been enlarged by new strands of models and insights (e.g. Nelson and Winter, 1982; van Dijk and Nomaler, 2000) but it is still confirmed that diffusion follows more or less an S-shaped curve of successive adoptions by:

1. a very small group of pioneers (who have a special preference for the technology often beyond direct economic benefit, e.g. they have a  “green” culture);

2. a small group of “early adopters” (who scrutinise the pioneers and are rewarded by the social consideration of being “opinion maker”);

3. a group of “early majority” (who are attracted by economic benefits – “carrot”);

4. the “late majority” (who should be motivated by the negative effects of non-adopting – “stick”);

5. the “laggards” (who adopt only if there is a compelling mandate by law, because they have a stubbornness out of cultural reasons, e.g. anti-environmentalist attitude).

Other patterns can be due to intensive advertising before launch of the innovation on the market (with an early peak of sales), erratic paths around a low average due to products having both strong minuses and pluses, constant low sales because of forced repurchasing by the same categories of users, diffusion failure (with fast aborted trajectories). Cyclical fashions might exhibit irregular sinusoidal dynamics. However, the large majority of successful innovation in normal conditions appeals to different user categories as described.

We think that policies targeted to fast and wide diffusion of innovation should take into account the heterogeneity of potential buyers. In particular:

1. “pioneers” should be free, with a liberalisation of laws, regulations and social conventions;

2. “early adopters” should be praised in moral and social terms across mass media and communication networks;

3. the “early majority” should receive positive material incentives;

4. the “late majority” should suffer from negative material disincentives if they do not adopt;

5. the “laggards” should face a mandate by law to adopt before a certain temporal deadline.

In so doing, the policymaker would impact the different motivational triggering factors of the population of consumers or firms, taking advantage of asymmetries like between positive and negative incentives, as underlined by prospect theory (Kahneman and Tverski, 1979; Brekke and Johansson-Stenman, 2008).

4. Climate change mitigation requires the diffusion of innovations and behaviours

A large reduction in CO2 and other greenhouse gases is linked to the modification of technological coefficients of the installed stock of capital (buildings, cars, plants, land,…) as well as of the behaviours of consumers and firms (house temperature, km travelled, working hours, deforestation activities, …). It’s not enough that R&D labs propose breakthrough innovations: they should be timely and widely adopted. Carbon taxes and prices (e.g. generated by a cap-and-trade international system) will broadly influence the purchase and use of new technologies but on certain key markets there might be entire classes or specific technologies whose diffusion should be explicitly targeted, involving a complex strategy of communication, as widely explained in Moser and Dilling (2007). 

5. The proposed scheme

Early majority potential buyers are particularly sensitive to positive incentives, whereas late majority should feel the cost of not adopting. Since together they account for the largest part of the population, a wide adoption requires their mobilisation. Pioneers should be taken as positive example and wide media coverage should be generated at early stage of diffusion. The perspective of a final deadline for adoption is effective also on laggards, especially it is very credible, with no past experience of deadlines missed and postponed.

In this vein, we propose PRODINT (PRO-Diffusion-of-INnovation Tax). The revenue of a lump-sum tax of a fraction f of the cost C of adopting a new clean technology, levied on non-adopters, is distributed to recent adopters. The entire burden of adopting is brought by non-adopters. Not only they pay the tax but also they do not share the tax revenue and they do not have the advantages of using the innovation (e.g. alternative fuel cars and distribution stations, gas-free refrigeration platforms, eco-buildings, etc.). 

If the tax is levied at the beginning of the diffusion curve, when only a very small number of pioneers has adopted, then the tax revenue will be extremely high, even if the fraction f is small, because almost everybody is a non-adopter. The adopters will receive more than C, making a large profit, which will have a strong media coverage, prompting for imitation. In the next round, non-adopters again have to pay f. In order to avoid paying, some (not all) will adopt; their strategy clearly pays off: they receive a larger sum than C because non-adopters are still a large majority. 

If the tax is levied frequently enough, the recipients will be less numerous than the payers, with a ratio of f needed to cover the adoption cost. More widely explained in Piana (2008), this scheme is both a subsidy to adoption and a tax on non-adoption, summing their different motivational effects. 

The policy takes into account distributional justice (as along Hamond, Merriman, and Wolff, 1999), endogenous technical change and political constraints.

6. A quantitative exploration of the effects of the scheme: methodology and results

The policy has been tested in an Agent-Based Model of an artificial economy with two competing technologies, product differentiation, heterogeneous consumers, R&D, advertising, and finance, based on Piana (2003). Averages of 10 simulations (of 30 periods each) show that - with PRODINT - GHG emissions peak earlier, fall steeper and deeper while clean technologies reach a faster and wider diffusion than without PRODINT. 

The two technologies evolve over time because of R&D, funded by current and past profits, capital and loans. Starting conditions: 68% of consumers use the incumbent technology characterised by high emissions, 4% use the challenger technology (low emissions) and 28% do not own any good. Production costs of clean technology are twice as high as the dirty one, with sale prices based on a mark-up over costs.

Dynamics: two firms, each developing one technology, invest in advertising and R&D to improve performance and production costs, with equal technological opportunities for both. Firms set the price while consumers choose to buy a new product or continue to use their current one. Consumers are heterogeneous, as they differ in income, green orientation, attitude to non-energy performance (e.g. aesthetical design), rules of choice, intensity of good use, subjective rate of discount for future stream of costs and revenues, expectations about the value of the PRODINT subsidy. 

PRODINT is structured as a tax levied each period at the same small level (2% of the difference in initial prices between the two goods) on owners of "dirty technology" emitting more than a certain threshold. PRODINT revenue is redistributed in equal share to all recent adopters of "clean" technologies.

7. Conclusions
The preliminary results of the test of PRODINT are very encouraging. It seems to have a strong and systematic effect on fostering the adoption of clean technology even for fairly small amount of tax. 

Further experimentation should involve both modelling exercise and expert discussion on domains of applicability in geographical and sectoral terms. (
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