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ABSTRACT
Recognising that environmental and technology 

externalities affect the development of renewable 

energy technologies, this paper illustrates how 

environmental policies induce technological change 

and how market failures that hinder technological 

progress weaken the impact of environmental policies 

on technological change; examines the rationale for 

and type of policies in support of renewables at an 

early stage of their commercialisation; analyses to 

what extent so-called experience curves enlighten 

the debate on the rationale of such policies; and – 

assuming that early-stage renewables cannot establish 

themselves in the market – develops a method for 

assessing the economics of renewable energy projects 

based on new technologies. 
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Promoting technological change to achieve environmental targets

Consider now a situation where policies fail to fully internalise the economic cost of emissions. This is 
the case, for instance, if the emission tax is lower than the marginal abatement benefit – as pictured 
by the line T < MAB. In these circumstances, abatement reaches A 0, but it remains below the static 
optimum A *

0. The static effect of taxing emissions is thus smaller. As a result, the dynamic effect is 
likely to be smaller, too, as illustrated by the less pronounced rightward rotation of the marginal-
abatement-cost curve from MAC 0 to MAC /

1. Although abatement increases further from    A 0 to A 1, 
it remains below the dynamic optimum A *

1. In principle, A *
1 can be attained by policies that directly 

promote technological progress, as illustrated by the considerable further twist in the MAC-curve 
from MAC /1 to MAC 2. But as discussed in the main text, the economic cost of achieving A *

1 in this way is 
liable to be higher than the cost of a policy that fully internalises emission costs.

Market failures hindering technological progress and the environment

Assume again an emission tax equal to MAB that leads to the static optimum A *
0. In the process of 

achieving this level of abatement, producers and users of abatement technologies learn and, thus, 
marginal abatement costs fall. To fix a benchmark, take MAC1 as picturing the situation without market 
failures that stifle learning and experience effects. Thus, with such market failures, the rightward 
rotation of the marginal-abatement-cost curve is less pronounced, reaching only MAC /1, for instance, 
implying abatement of A /

1. As a result, even with an emission tax high enough to fully internalise the 
economic cost of emissions, abatement remains below A *

1. To achieve A *
1 nonetheless, policies are 

needed that would ensure that the marginal-abatement-cost curve moves to MAC 1.

A tax on emission that tries to achieve more than just internalising emission cost

Sub-section 2.4 alludes to the idea of an emission tax higher than marginal abatement benefits 
when market failures stifle technological progress. It is easy enough to picture the apparent logic 
of this idea. To recall, with full internalisation of emission cost in a situation where market failures 
stifle technological progress, the abatement level (A /

1) will be determined by the intersection 
of MAC /

1 and MAB. It seems that the dynamic optimum A *
1 could be induced by an emission tax  

T > MAB so that the tax line (not shown in the figure) and MAC /1 intersect above A *
1. The shortcomings 

of this idea are discussed in the main text.
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 2.2  Promoting technological change to achieve environmental targets

To illustrate how policies directly fostering technological change contribute to the achievement of 
environmental targets, we now assume that the emission tax is not high enough to fully internalise 
the economic cost of emissions. In these circumstances, renewable electricity output increases 
too, but not as much as with full internalisation of emission costs. It is fair to presume that this 
nonetheless stimulates efforts to reduce the cost of renewable electricity, but that they are not as 
big as in the case of fully internalising the economic cost of emissions. All in all, compared to the 
case of optimal environmental policies, both the static and the dynamic effect of taxing emissions 
are weaker. Reflecting the notation used in Box 1, let A 1 denote this level of renewable electricity 
output, which is lower than the dynamic optimum A *

1.

Given this sub-optimal outcome and assuming that policy makers shy away from raising emission 
taxes, one could ask whether directly supporting technological progress could not lead to the 
optimal level of renewable electricity output. In principle, this is possible if such support sufficiently 
reduces the cost of renewable electricity. It is important to stress that this cost reduction is not 
induced by policies aimed at correcting environmental market failures. Rather, it results from policy 
measures such as public R&D in favour of renewables, or it might be triggered by preferential prices 
offered to producers of renewable energy.

It thus appears that the optimal outcome can be reached either by a first-best policy that fully 
internalises the economic cost of emissions or by a second-best policy package that combines partial 
internalisation with direct technology support. Although this is true as far as the optimal amount of 
renewable electricity is concerned, it would be an erroneous conclusion from a welfare-maximising 
viewpoint since the technology support component of the second-best policy package is not for 
nothing. For a start, there are opportunity costs of promoting technological advances in renewable 
energy. Take public R&D in support of renewables, for instance. Research and development 
resources committed to this undertaking cannot be used to accelerate technological advances in 
other fields – biotechnology for example. Moreover, in contrast to emission taxes that correct a 
distortion in the economy, mobilising the public finance needed to directly foster technological 
change is distortionary. In addition, the cost of administering technology support is probably higher 
than the cost of administering emission taxes. What is more, technology support inevitably comes 
with the challenge of picking winners – or the risk of choosing losers. In sum, the second-best policy 
package that combines the partial internalisation of environmental costs with direct technology 
support cannot outperform the first-best policy of fully internalising the environmental costs.

2.3  Market failures hindering technological progress and the environment

Technological progress – whether or not induced by environmental policy – can be thought of as 
comprising two broad components. One reflects the creation and diffusion of new technology, 
that is, product and process innovation. Typically, this type of technological progress follows from 
research and development, and it occurs at the pre-commercialisation stage in the lifecycle of 
technology developments (Foxon et al. 2005).

There are various reasons why markets might fail in stimulating the creation and diffusion of new 
technology as much as is desirable from society’s viewpoint. We have critically reviewed them 
elsewhere (Riess and Välilä 2006). Suffice it to note here that firms are liable to underinvest in the 
creation of new technologies if they cannot fully appropriate the fruits of their innovations – and 
whatever innovation there is might not disseminate through the economy as much as it could 
because innovators deny the use of their innovations to others, notably competitors, or overcharge 
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them for using their innovations. Riess and Välilä (2006) conclude that this type of market failure is 
not as grave as often feared, markets are quite innovative in trying to overcome their own failures, 
and that policies most appropriate for addressing remaining failures are support for basic research 
and development, protection of intellectual property rights that strikes the right balance between 
promoting innovation and not hindering too much its diffusion, and measures to strengthen 
markets for technologies.

The second component of technological progress does not concern the creation and diffusion of 
new technologies. Rather, it concerns improvements to new technologies resulting from so-called 
learning and experience effects. In contrast to the technological progress due to the creation and 
diffusion of new technologies, technological progress due to learning and experience effects 
happens at the commercialisation stage in the lifecycle of technology developments. The nature 
of learning and experience effects and the rationale for economic policies possibly following from 
them will be the focus of Section 3. For now, we simply note that as and when firms start using a 
new technology – be it the manufacturing of new products or the use of new production processes 
– they increasingly learn how to use this technology better and, as a result, experience a decline 
in production costs. The trouble is, however, that various market failures might prevent learning 
and experience to go as far as it should from society’s viewpoint. What does this imply for induced 
technological change?

To find the answer, assume as in sub-section 2.1 an emission tax high enough to fully internalise 
emission cost. As argued above, this triggers the optimal static supply response by producers of 
renewable electricity. By increasing supply, producers of renewable electricity and manufacturers 
of equipment for the production of renewable electricity learn and, thus, production costs fall. As a 
result, renewable electricity production increases further. However, this indirect, dynamic effect of 
making producers of fossil-fuel-fired electricity account for emission cost is sub-optimal if market 
failures hinder the learning and experience process. The combined static and dynamic effect is 
thus sub-optimal although the emission tax is high enough to fully internalise the economic cost of 
emissions. In other words, market failures that hinder technological progress weaken the impact of 
environmental policies on technological change.

Against this background, arguments are made in favour of so-called strategic deployment policies, 
that is, measures helping a known technology at its early stage of commercialisation to achieve 
greater market penetration. The underlying rationale for such policies will be addressed in Section 3. 
But before, let us briefly turn to some other intriguing policy issues arising from the interaction 
between environmental policies, on the one hand, and market failures and externalities affecting 
technological change on the other hand.

2.4 � Environmental policy instruments and targets when market failures stifle technological 
change

Further to the interaction between environmental policies, on the one hand, and market failures and 
externalities affecting technological change, on the other hand, discussed so far, four interactions 
are worth stressing.

First, when considering negative environmental externalities in isolation and a situation of certainty, 
economists broadly agree that market-based policy instruments (emission taxes and tradable 
emission permits, for instance) are economically more efficient in addressing environmental 
externalities than command-and-control measures (quantitative emission targets and imposing the 
use of specific technologies, for instance), but that once uncertainty is introduced, the superiority 
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of market-based instruments might not hold in all circumstances (Perman et al. 2003). Rivers and 
Jaccard (2006) investigate how learning and experience in the process of technology development 
might affect the ranking of policy instruments. They find that the advantage of market-based 
instruments remains but could be small. Given political-economy obstacles to market-based 
instruments stringent enough to fully internalise environmental externalities, the efficiency loss of 
choosing second-best command-and-control measures instead could thus be small as well.

Second, when market failures and externalities stifle technological progress, it might be tempting 
to argue that emission taxes need to be above the level suggested by environmental considerations 
alone (the apparent logic of this idea is graphically illustrated in Box 1). To put it differently, a 
higher emission tax might substitute for direct technology support aimed at lowering the cost of 
renewables.

While this idea seems appealing, there are reasons to consider it flawed. For a start, it runs against 
the ‘Tinbergen rule’ (Tinbergen 1955, 1956), suggesting that the number of independent policy tools 
must be at least as high as the number of policy objectives. In other words, two independent policy 
instruments are needed to simultaneously internalise the economic cost of emissions and correct 
market failures affecting technological change. In fact, in their survey, Jaffe et al. (2003) emphasise 
the empirical work of Katsoulacos and Xepapadeas (1996), who found that simultaneously taxing 
emissions and subsidising environmental research and development promises greater success in 
correcting environmental and technology externalities than using either instrument alone. In any 
event, if policy makers find it politically impossible to impose an emission tax that fully prices in 
emission cost, they will not levy a tax even higher than that.

Third – and related to the previous point – with environmental policies inducing technological 
change that is itself fraught with market failures and externalities, one could argue that the net 
social benefit of environmental policies is larger than the difference between gross environmental 
benefits and the costs of such policies, or – to put it differently – that these costs are offset not only 
by environmental benefits but also by benefits related to mitigating technology market failures and 
externalities. Although this argument has some charm at first glance, two caveats are worth making 
(see Jaffe et al. 2003 and the literature reviewed there). First, while it is true that technological 
progress induced by environmental policy reduces the cost of renewables for a given level of 
renewable electricity output, it increases the level of output and, thus, total cost. Second, as pointed 
out above, the production of technological progress does normally not rest on the use of otherwise 
unemployed resources. On the contrary, creating new knowledge that eventually lowers the cost of 
renewables needs highly skilled labour – scientists, for instance – and thus comes at the expense of 
creating new knowledge of a different kind. Settling this issue would then require a comparison of 
economic rates of return to competing research and development expenditures.

Fourth, the work of Goulder and Mathai (2000) suggests that while induced technological progress 
reduces the cost of renewables, it might increase their near-term cost relative to their cost 
further into the future. As a result, while induced technological progress raises the optimal level 
of renewable energy, it might be optimal to have less of it today and more tomorrow. Although 
not linked to technological progress induced by environmental policies, the proper timing of 
environmental action is one of the key issues in the global warming debate. The Stern Review  (Stern 
et al. 2006), for instance, strongly argues for near-term measures to tackle global warming whereas 
others – such as Nordhaus (2006) and Jaccard (2006) – find that societies are probably better served 
by climate-change policies that “tighten or ramp up over time” (Nordhaus 2006, p.3).
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3.  The rationale for promoting new renewable energy technologies

3.1  Defining the perspective: obstacles to the commercialisation of new renewables 

New technologies are central to economic growth and prosperity and are, therefore, very desirable 
for any society. Developing, producing, and using them, however, faces a host of difficulties. Some of 
these are overcome through the workings of the market, while others are not as they originate from 
the existence of barriers and market failures. Difficulties of the first type are necessary and desirable 
since they are part of the market quest for the best candidate technology. Problems of the second 
type do not contribute to this selection process. Rather, they hinder the appearance and diffusion of 
superior new technologies and products and might thus call for pubic policy intervention.

As sketched in the previous section, there are different types of market failures that could hinder 
technological progress. In this paper, we focus on market failures associated with economies 
of learning. An important point to recall is that this type of market failure is an obstacle to the 
commercialisation rather than the creation of new technologies. But what is the nature of learning 
and why might it be prone to market failures?

Producers of new technologies crucially rely on learning and experience in the course of production 
to reduce costs. More specifically, when a firm produces its first units of a product based on a new 
technology, marginal production cost are relatively high, but are expected to fall with cumulative 
output due to learning (Wright 1936). The problem is that even if the firm could fully appropriate the 
benefits of its learning (that is, learning is private to the firm), market failures might still prevent it 
from taking on this new technology. The problem gets bigger if the firm cannot fully appropriate the 
learning benefits but if they accrue to other firms too. In other words, the knowledge and experience 
acquired by producers may spill over to firms that do not pay in any way for the benefits they obtain 
(Arrow 1962). In practice, market failures hindering private learning and those discouraging firms 
to embark on new technologies because of learning spillovers might occur together. From a policy 
perspective, however, it is important to consider them one by one because there is not a single 
policy that would fit all situations. Borrowing from the infant-industry literature (Corden 1985), we 
discuss the two cases under the heading internal economies of learning and external economies of 
learning, respectively.� 

3.2  Internal economies of learning

We start with the situation where learning is private to firms and thus ignore learning spillovers 
for now. Normally, a new technology is characterised by production costs that are higher than 
the costs of a comparable mature technology. In fact, costs may be so high that production is not 
commercially viable. Existence of a competitor mature technology sets an additional hurdle since 
the technology needs to be priced so that it can compete with the mature one. Indeed, the price of 
a new technology needs to be the closer to the price of a mature one, the less potential buyers can 
differentiate between the two technologies. Different market strategies could be designed, as we 
discuss below, to allow new technologies to develop and gain market share. Since our interest is in 

� � More generally, the analysis in this section is inspired by the infant-industry-protection debate that pre-occupied 
development economists in the 1960s and 1970s. Indeed, new renewable technologies are infant industries. Interestingly 
enough, many economists viewed infant industry protection with a fair dose of scepticism (Johnson 1965, Corden 1985, 
Krueger 1985, Baldwin 1969, and Bliss 1989), but there have also been more optimistic assessments (Dasgupta and  
Stiglitz 1988).

Producers of new 
technologies crucially 
rely on learning and 
experience in the course 
of production to reduce 
costs, and learning and 
experience might spill 
over to firms that do not 
pay for the benefits they 
obtain.




