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Overview

This paper suggests that the role and performance of incumbents are potentially important influences on the success of low carbon technologies and of policies to promote them. The challenges such technologies face in a low carbon energy transition include the potential of high carbon incumbent firms and technologies to continue to improve or protect their competitiveness, whether through through technological improvements, falling fuel costs or other means. Thus, even if new low carbon technologies have essentially the same bundle of attributes as the existing technologies, apart from being low carbon, if the existing technologies are both mature and already under pressure then the low carbon technologies may be fighting a moving target (Pearson & Foxon, 2012). For example, firms producing vehicles running on fossil fuels are already under pressure from industry competitors, environmental regulations, fuel efficiency regulations and fuel price expectations. Perhaps not surprisingly, therefore, we have seen considerable developments in the performances of petrol and diesel engines and in vehicle fuel efficiency. McVeigh et al. (2000) also found that despite many renewable technologies achieving more than predicted cost reductions from learning, market penetration of renewables in the US was less than predicted. This they attributed to changing oil prices and subsidies that reduced incumbents’ costs. 
The tendency for efficiency and other improvements in the competitive positions of incumbent technologies to be stimulated by competition from new technologies is known as the ‘sailing ship’ effect (SSE) or the ‘last gasp’ effect (LGE) of obsolescent technologies. In addition to the improvements in the performance of sailing ships due to competition from steam ships (Usher, 1928; Gilfillan, 1935; Geels, 2002) it has been suggested that this effect has been observed in other cases (Rosenberg, 1976; Utterback, 1994), including the adoption at the end of the 19th Century of the Welsbach incandescent gas mantle by the gas lighting industry, after initial reluctance, in response to competition from the new incandescent electric lamps (Arapostathis et al. 2013). Recent analyses of the LGE have provided analytical and empirical insights into why extant technologies might demonstrate a sudden performance leap when threatened by a new technology (Furr & Snow, 2013).  
The SSE/LGE are significant in the low carbon context because they  suggest that a new technology itself could be responsible for stimulating improvements in the technological, market or institutional situations of the incumbent firms. More broadly, it points to the importance of understanding the interactions between new and incumbent technologies and firms.  The paper explores the theoretical arguments and evidence for the SSEand LGE. It examines how they might influence the transition to low carbon technologies, and the implications for policies to promote it.

Methodology
Critical literature review, exploration of theoretical arguments and examination of empirical evidence.
Results
Although there has been some debate about whether cited instances of the SSE bear closer scrutiny (Howells, 2002), this paper suggests that the proposition that some firms with technologies whose ascendancy is threatened by new competition tend to respond, carries weight. Furr and Snow (2012), for example, argue that the LGE has been insufficiently explored empirically (see also Adner & Snow, 2010). They examine the behaviours of carburettor manufacturers during a technological discontinuity, as the industry transitioned to electronic fuel injection, finding evidence of an LGE. Rather than previous assumptions that the LGE comes from incumbents simply ‘trying harder,’ theirs is a more nuanced story in which some incumbents explored hybrid technologies that not only contributed to the LGE but enabled them to cross to the next technical generation. There have also been growing management and innovation literatures investigating the performance and responses of incumbent firms in the face of radical technological innovation; it is argued that it matters to explore both the social context of a technology and the technology’s dynamics in order properly to appraise patterns of technological evolution (Henderson, 1995; also Anderson & Tushman, 1990). However, Bergek et al. (2013) challenge explanations of the ‘creative destruction’ (Schumpeter, 1943) of existing industries through discontinuous technological change in which incumbents are seriously challenged only by ‘competence-destroying’ (Anderson & Tushman, 1990) or ‘disruptive’ innovations (Christensen & Rosenbloom, 1995). Bergek et al.’s analyses of the automotive and gas turbine industries suggest these explanations overestimate new entrants’ ability to disrupt established industries and underestimate the incumbents’ capacities to see the potential of new technologies and integrate them with existing capabilities via processes of ‘creative accumulation’. 

A different literature also suggests that, as well as technological enhancements, high carbon actors with substantial investments and relatively strong political influence, such as large energy companies, may act to frustrate the implementation of institutional changes that support the implementation of low carbon technologies (Pierson, 2000). This could be seen, for example, in the 1990s lobbying efforts of big German utilities for the repeal of the feed-in tariff law that supported renewable technologies (Jacobsson and Lauber, 2006; Stenzel and Frenzel, 2008).
Conclusions
· The proposition that some incumbent firms whose ascendancy is threatened by competition from new technologies tend to respond, carries weight, suggesting that the SEE/LGE and related concepts merits further analysis and empirical study. 
· Consequently, in some circumstances and for some low carbon technologies, the responses of incumbents could be an important influence, negative or positive, on their successful penetration and development.

· Policy makers seeking to promote low carbon transitions should be mindful  not only of progress in and support for new low carbon technologies but also the strategies and behaviours of incumbents, as they respond to or embrace the prospects of low carbon technologies and practices, since this could affect such policies’ effectiveness and costs.
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