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The legend about sailing ship effects — is it truer false? The example of
cleaner propulsion technologies diffusion in the ammotive industry

Abstract: The global automotive industry is faced with majechnological change in the field of propulsion
systems. Due to low carbon emission regulations antsing societal demand for sustainability, aradi
equipment manufacturers (OEMs) are forced to intewather in the conventional technology or in the
technological alternatives such as electric drivetuel cells. However, OEMs are only marginallyitehing to
electromobility so far, but rather incrementallynavating traditional technologies. This behavioan chbe
described as sailing ship effect which contains b&ction of an old technology to a new technoldyy
fostering innovation in the old technology. Firstlige present study contributes to the discussiditerature on
the sailing ship effect by combining its underlyimdeas and consequences with the rationales of path
dependence to demonstrate that such a behaviourbeagdividually economical rational. Based on thes
considerations, we respond to the call for furtbmpirical investigation of the sailing ship effe@fe show
patent-based evidence that there has been a tempgaiing ship effect in the automotive industgncerning
traditional and emerging propulsion systems andudis implications for corporate technology strategg
policy.

Keywords: electromobility, patent analysis, path dependersaling ship effect; technological change;
technology strategy

1 Introduction

The global automotive industry is faced with a magchnology transition in the field of propulsisgstems
(Ren et al., 2015; Sierzchula et al., 2012; Amjadl€2010). Since the early 1990s, there are angiminovative
activities regarding zero emission vehicles, alffonone of them has been able to achieve a signtfimarket
share so far (Dijk and Yarime, 2010). Technologichhnge in this case — from conventional combustion
engines to electric drives —is not only due te@anhdustry competition but driven by societal aedulatory
demand from outside the industry. The worldwidenumenon of climate change and customers’ increasing
call for sustainability are two major influence tas that foster the development of electric preju systems
(Penna and Geels, 2015; Avadikyan and Llerena, 2010

Against this background, the present paper explarggecific strategy called sailing ship effectview of an

emerging technology, incumbent firms increase iatioe activities to enhance established technotogistead
of switching to the new technology. The name referthe innovation efforts to further improve sagiships as
a reaction to the threat of steam ships in the &8thury (Gilfillan, 1935, Rosenberg, 1972a, 1973taking the
current literature into account, a twofold pictaan be drawn regarding the sailing ship effecttiignone hand,
some studies refer to the sailing ship effect destription of the reaction to technological thigatinnovation

in the old technology (see e.g. Adner and Snowp2Qitterback, 1996; Ward, 1967). On the other haodye

authors remark serious doubts on the existenckiokffect (e.g. Howells, 2002, 2005). Due to tfiscussion,
we want to explore a new way of thinking and comabiine findings of the sailing ship effect in litene with

the idea of path dependence (Arthur, 1989; ArtR0A9; David, 1985). By this, we are able to configbto the
theory-based discussion in literature and explaat tore elements of path dependence might begbitamthe

rationales of sailing ship strategy. In additidmere is a growing demand for extended empiricadatibn of

the sailing ship effect.

Using automotive patent data as an indicator dfinetogical development in this field, we aim atritfying

empirical evidence for a sailing ship effect in gntomotive industry with regard to the electrifioa of the
drive train (Rizzi et al., 2014). Moreover, ecolcali innovations and particularly energy technolegiech as
electric propulsion systems are currently subjecnd due to their limited competitiveness dependerhigh
governmental funding (Sierzchula et al., 2012, Gwust al., 2007). Since customers, industrial rgarmand
policy makers alike have an interest in optimisthg transition from conventional to alternative guitsion

systems, we derive policy implications that migleiphto improve the allocation of governmental ficiah
support in order to maximise the reduction of,@missions in the short, medium and long term.



The paper is organized as follows: First, we rédethe well-known mechanisms of path dependenceagpty
these findings to the global automotive industry.eXploring the path dependent character of thdsistry, we
create the explanatory basis for analysing thengaship effect. Afterwards, we demonstrate oureagsh
design, before we show that our patent data umaesrlihe arguments of the sailing ship effect. Adiscussing
the main findings, a conclusion summarizes therdmrttons and policy implications of our study.

2 Theory
2.1 Path dependence in the automotive industry

The concept of path dependence is one of the stdbished theoretical foundations in the reseéisdtd of
technological continuity. First developed by Bris Arthur and Paul A. David, the literature conéem
factors accruing for increasing returns and the@mes of such processes are widely explored (gedehur,
1989, 1994; Carayannis et al., 2012; Schreytgg Sydiow, 2011). The key element of path dependent
processes is the construct of increasing returmmositive feedbacks which postulate that costs mishi due to
each element of the focal technology which is poeduand sold (Figure 1). This process is contradicto
classic economic thoughts of decreasing returnsfiamadly leads from a situation of technologicalemmess
(contingency or non-ergodicity) to a lock-in sitioatwhere the focal old technology is economicallyperior to
new technologies because of the path it has raugfr.

Economies of
scale

Network
externalities

Increasing Degree of path
returns dependence

Complementarities

Dynamics of
collective learning

Wbk

Figure 1 Sources and outcomes of path dependence.
Source: Based on Dobusch and Schif3ler, 2013; DolamstKapeller, 2013.

Increasing returns can lead to path dependenceshwihi turn has some specific outcomes (Arrow, 2000)
Initially, a path-dependent process can be idemtifas technologically open. In the literature othpa
dependence, this is described as non-ergodic, wimielns that there is no clear mathematical fundiion
forecast the technology that will be chosen andaseat standard (David, 1985). After this open érizrnent,
the mechanisms of path dependence foster a spaastimological alternative to become the quasiesteh In
the meanwhile, the state of openness and flexibilirns into a state of inflexibility. This staterc be
characterized as a situation where a new technoldtjynot be able to replace the established ong this
inflexibility may lead to inefficiency (Arthur, 198. If there is a better technological alternatigad if this
technology will not succeed in competing with ttetablished technology, one can ascertain ineffayiehe
different states of path dependence are driverhbymechanism of increasing returns (or positivellieeks).
This mechanism can be traced back to the effec§)afconomies of scale, (2) direct network extktira, (3)
complementarities, and (4) the dynamics of colectlearning processes (Dobusch and Schifler, 2013;
Dobusch and Kapeller, 2013). In the following, #hésur broad categories will be further exploredider to
show that there are noteworthy reasons to assushéhl global automotive industry is highly pattpeedent.

First, economies of scale describe the fact tinasoime industries, increasing outputs lead to d#hing costs
per unit (Arrow, 2000; Dobusch and Schifler, 20T3jis can be reasoned by sunk costs e.g. for ledtal
specific capacity or for building a specific brandimage. This mechanism of fix costs degressisn abunts
for the global automotive industry. Sturgeon ef(2008) show that significant globally concentrapedduction



capacity with highly specific and interdependentugachain structures exist. Along with this findigg the
analyses of Orsato and Wells (2007) as well as $\&it Nieuwenhuis (2012). They provide pivotal exick
for an established business model in the automatiestry combined with widely spread distributiogtworks
and revenue streams proven over long periods. Boknst al. (2014) confirm these findings in theirdy on
the influence of path dependence on the developofdnisiness models in the field of electric vedscl

Second, direct network effects describe risingtutby growing usage intensity in network technaoésg The
classic examples for this effect are technologieh sas telephone-networks in which the initialggtcosts are
decreasing with increased usage intensity and mktgiae (Katz and Shapiro, 1985; Sheremata, 200, W
1997). When analysing the global automotive industiis also possible to identify some direct netkeffects,
such as installed bases of fuel stations or estaddi and specific service networks. Beside thissatal
argument of size constituting network externaljtidiuah (2013) suggests the impact of structure @mtuct
of networks on the network’s value. Afuah (2013fablshes the factor structure by combining thea# of
feasibility of transactions, centrality of membessuctural holes, network’s ties, as well as thenher of roles
that each member plays. The factor of conduct stssif opportunistic behaviour, reputation signajjiand
perceptions of trust. In this regard, there mighielen higher network effects in the global autavecihdustry
due to highly inter-dependent and complex suppbitistructures and distribution channels. The plidity of
roles that many actors play in this market may t@tlger factor establishing strong network effe€tse reason
of this multiplicity of roles is usually the fadtat OEMs are often suppliers of specific technaedor other
directly competing OEMs. Another reason for roleltiplicity can be seen in the complex and multiagei
collaboration structures in this industry (Siclkagt 2015).

Third, the effects of technological and social cenmentarities that might constitute positive feezksahave to
be mentioned which ultimately lead to path dependei€omplementarities, which can also be labelled a
indirect network effects, describe the effect otreasing utility while the number and the value of
complementary goods and services grow (Dhebar, ,1985¢ll and Saloner, 1985; Katz and Shapiro, 1985
The effect of complementary goods and serviceslimgjlan indirect network around the focal technglagn
also be recognized in the global automotive ingu@tvells and Nieuwenhuis, 2012). In this indusmanifold
complementarities (e.g. platform-production sysferos the production side can be identified (Budde
Christensen, 2011, Biesebroeck, 2007).

The remaining factor establishing positive feedisaake the dynamics of collective learning (Arrov@62;

Christiano, 1997; Malerba, 1992). Given that thgdss and users of certain technologies get useatietse

technologies over time, they establish specifibibetogical expertise. Besides this tactile aspéatodlective

learning, other more tacit aspects can be idedtiffeich as social preferences or behavioural pattdrat
influence buying and using decisions. Applying the®ncepts to the global automotive industry, nudghif
artefacts can be seen which allow the assumptiainatlendency towards old technologies exists. Riagathe

tactile aspects of this dimension, Graham-Rowel.e{2®12) show in their qualitative in-depth stuthat

customers have serious doubts regarding the eféeetss of new technologies and that customerebfiag on

established vehicles. In a similar vein, Capergia Kurani (2012) show the social and cultural dest
obstructing mainstream-households leaving themhdished technologies. Steg et al. (2001) and §&665)

show the socio-psychological importance of the costibn engine propelled car in modern societiees€éh
aspects can be seen as tacit in this regard, lwatrtheless important when analysing dynamics ofective

learning in situations of technological transitions

In sum, the aforementioned characteristics mighteheonstituted a long series of positive feedbdokthe
global automotive industry (van den Hoed, 2007)sHBeries of positive feedbacks has most likelgum led to
a situation of technological lock-in. In this sitaa, it might be economically rational to stick ttee traditional
technology with its diverse increasing returnseast of switching to a new technology with no didireturns
so far.



2.2 Sailing ship effect

This lock-in situation might lead to the effect ththe OEMSs react to the threat of new technolodigs
improving old technologies. This intentional inntea effort as a direct reaction to the threat @&wn
technologies is characterized by the sailing shfpceé The sailing ship effect refers to the tedbgeal
competition between sailing ships and the newlyetigped steam ships in the 19th century. The teres gack

to Gilfillan’s historical representation of the ddopment of ship technology (Gilfillan, 1935). Adtihgh
Gilfillan might count as the original source forigteffect, accurate economic meaning and applicatvas
gained by the contributions of Nathan RosenbergéRberg, 1972a, 1972b). Rosenberg showed sevees ca
in which old technologies gained innovation effafter the introduction of competing new technolsgie
Building up on these early logics little but sigo#nt literature about the sailing ship effect barfound.

The literature can be divided into two broad catego whereas these are not mutually exclusive. firke
strand of literature shows a strong backgroundoohemic history and is dominated by qualitativeeegsh
approaches. Several historic examples are mentithmtddemonstrate an increasing innovation efforbld
technologies after the emergence of new competaahriblogies. The exemplary list varies from the
aforementioned ships (Geels, 2001, 2005a; Ward7)1%®rse-drawn carriage to motorcycles (Geels 580
steam locomotives and diesel-electric powered dré@ooper and Schendel, 1976; Cooper and Smith2)199
Furthermore, chemical processes in the alkali itrgheand the iron industry energy transition in ft8th century
(Howells, 2002; Rothwell and Zegveld, 1985) as veallthe British coal industry were studied (Turnhaind
Geels, 2012).

The second strand of literature concerning theingpiship effect focuses on micro-economic theogzin
modelling and simulating. Particularly, the recapproaches of De Liso und Filatrella are capablshtow
competition effects when the technological monogslghallenged by an entrant with a new technol(idy
Liso and Filatrella, 2008). They demonstrate tleddtive investments in research and developmenD(R& an

old technology maximize the incumbent’s profits. [Dso and Filatrella (2010) extend the neo-cladsicafit
maximization assumption. They show that even iresaghere a rather heuristic approach than a cledit p
maximization function is leading the actions of theodel market, participants’ innovation competition
consistent with the sailing ship effect exists.their most recent article, De Liso and Filatrel2011) try to
incorporate more factors, such as complementandygts, regulations or experience, into their model
environment. They show the advantages of old teolgies due to their broader base of built and gotatiucts.

A different approach for modelling the sailing skaffect is used by Windrum and Birchenhall (200B)ey
focus explicitly on consumer’s decisions influendgdthe emergence and development of a new techyato
order to adopt new or old technology in network ke#s. These decisions are influenced by servicepaice
characteristics, whereas the old technology sewrhiegacteristics are determined by R&D spendingebeing

on the innovation potential of the technologies dhe innovation ability of the technology suppliethe
succession of the new technology may be delayegl/en cancelled. Schiavone (2014) recently addadhins
from the photography industry presenting an approealled “technology reverse”, where old and new
technologies are combined to extend the lifetimehefold technology.

Nevertheless, Howells states serious doubts abeuttistence of the sailing ship effect (Howel@)2, 2005).
His sceptics concentrate on two central argumeritstly, Howells sees manifold empirical shortcogsn
regarding the sailing ship effect in the existiriteriture as they are subject to somewhat ambiguous
interpretations. In his re-analysis of the casesailing ships and alkali-technology, Howells shadi§erent
interpretation patterns for the observed reacti@haliour. Secondly, he interprets the reactiontegisa
according to the sailing ship effect as irratiomatl doubts that this irrational strategy was realignded by the
corporations under study. He calls for additionaip@ical investigations of the effect. We contribub this
discussion by adding empirical investigations imfaf patent analyses. Regarding Howells irratibpalaim,
we combine the arguments of path dependence theitinthe findings of the sailing ship effect todiout if
the observed reaction behaviour is individuallyioal. The following Figure 2 summarizes the reati
between path dependence and the sailing ship efféet old technology has gone through a path degend
process over the last decades and is now finaldystate of lock-in (Phase Ill, above). Againss thackground,
a new technology emerges which is still in its opbase (Phase 1, below). The innovation competitiaght
take place between the locked-in old and the cgatinnew technology. Thus, the key research quesfi@ur



approach is: Can we identify evidence for the sgiBhip effect in the automotive industry basegatent data?
Specifically, is there measurable evidence forsingi innovation effort in the old propulsion teclogy in
response to new and clean technologies?
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Figure 2 Sailing ship effect between two path dependetirtelogical trajectories.
Source: Based on Sydow, Schreydgg and Koch, 2009.

3 Data and methods

We conduct a patent analysis in PatBase, a glaiiehpdatabase which provides access to more thamilfBon
patents from 95 issuing authorities. PatBase iedas patent families, containing all single patdrglonging
to one invention. This feature makes PatBase eslpesuitable for our analysis as duplicates carabeided
and all relevant patent information on differentheologies in the automotive industry can be poolEtk
patent retrieval took place in February 2015.

The search was conducted using exclusive key womtbmations (e.g. “ELECTRIC VEHICLE NOT HYBRID
NOT FUEL CELL NOT INTERNAL COMBUSTION ENGINE") initles, abstracts and claims of the patents.
We searched for traditional propulsion technolodiaternal combustion engines, ICE) and clean madtéves
such as battery electric vehicles (BEV), hybricctle vehicles (HEV), and fuel cell vehicles (FCVhis type

of retrieval strategy guarantees a broad inclusiénpatents related to the focused technologies iand
independent of patent classification issues. Weselatimeframe of the priority date from 1985 ug@iL2 for
our patent search. The priority date is definethadday when the invention is initially submittext fipplication

to a patenting authority. Hence, the priority datthe date which is the closest to the innovatimtesses in the
applying corporations (Ernst, 2001; OECD, 2009)89 %vas set as a starting point because first regyla
standards were implemented in 1990 by the Caliéoir Resources Board (CARB) with the Zero Emission
Vehicle (ZEV) regulation as part of the Low Emissidehicle (LEV) program (Lloyd, 2000, Dijk et aP013).
Although it might give the impression of a regidpdimited program implemented by just one statdst
regulation, as Berg (2003: 178f.) observes, cataken as “the event which changed the world noy onthe
field of auto emission control but as well in tregresponding technology section”. Furthermore, a to limit
our search to 2012 since patents undergo a deld afionths until publication. We tested if 2013 Idobe
included in the sample, but came to the conclutiah most of all patents available in 2013 had tagspiied in
the first half of the year. Thus, an inclusion bktyear 2013 into the sample would distort the Itgsu
particularly with respect to analyses on the bakigearly patent data.

A validation of the sample was conducted basedmaralysis of the International Patent Classifaragi (IPC)
on group level, whereby we checked if the mostvaaié IPCs can be assigned to propulsion techncdoigie
vehicles. The most relevant IPC groups over alitetogies are:



e B60 (VEHICLES IN GENERAL),

* FO1 (MACHINES OR ENGINES IN GENERAL; ENGINE PLANTIS! GENERAL; STEAM ENGINES),

+ FO02 (COMBUSTION ENGINES; HOT-GAS OR COMBUSTION-PRODBT ENGINE PLANTS),

* F16 (ENGINEERING ELEMENTS OR UNITS; GENERAL MEASURH-OR PRODUCING AND
MAINTAINING EFFECTIVE FUNCTIONING OF MACHINES OR INTALLATIONS; THERMAL
INSULATION IN GENERAL),

* HO1 (BASIC ELECTRIC ELEMENTS), and

* HO2 (GENERATION, CONVERSION, OR DISTRIBUTION OF EHRIC POWER).

In order to provide more detailed insight into theaset, we additionally present the numbers oftitee most
relevant IPC groups for the respective technologieable 1. In addition to the overall fit of IPgEoups to
propulsion technologies, the high degree of selitgtof the search string for single technologiesonfirmed
here. FO2 as a distinct group for combustion erggahearly dominates ICE and appears as secondstaggeup
for HEV, which contain combustion engines as watl -€ontrast to BEV and FCV. Apart from B60 as gahe
vehicles group, the most relevant groups for BE¥ HO2 and HO1, referring to electric elements amal t
electric power conversion, which is the most obsidlifferentiation to ICE. Furthermore, FCV pateate
predominantly classified to HO1 basic electric edats, underlining the relevance and integratiotheffuel cell
into the vehicle. On this basis, we can confirmtthze retrieved patent sample excellently represent
conventional as well as electric propulsion techgis for vehicles.

Table 1 Absolute numbers of the three most relevant IPQgdor single propulsion technologies.

ICE BEV HEV FCV
F02: 3,301 B60: 3,262 B60: 4,208 HO1: 1,035
B60: 1,583 HO02: 1,857 F02: 1,432 B60: 934
FO1: 1,543 HO1: 888 F16: 912 HO02: 96

4 Results and discussion

We received a total of 62,422 patent families ie theld of conventional and alternative propulsion
technologies, whereby ICE as conventional technol@gpresents about half of all patent families (€&).
Concerning alternative technologies, BEV followw#3%, while HEV account for less than half of #meount

of patent families with about 14%. Patent familiegerring to FCV hold the smallest share with aftof about
2% of the sample.

Table 2 Patent data for conventional and alternative psdpni technologies in absolute and relative numbers

ICE BEV HEV FCV Total
Absolute 31,614 20,675 8,797 1,336 62,422
Relative 50.65% 33.12% 14.09% 2.14% 100.00%

One important matter in our approach is the clacsgibn of HEV as an alternative technology. HEWW@ins
electric components as well as traditional comlbastechnology elements. Hence, it is difficult tetetmine
whether they are new or old technology. In mosené@pproaches, hybrids are labelled as new tecyol
therefore we follow this classification. From aheological viewpoint, serial and parallel hybridsutd be
differentiated. In the case of parallel hybridsahe combustion engine as well as the electriginenis
connected to the wheels in order to propel theloathe case of serial hybrids, the electric enggnhe central
propulsion unit which is supplied with energy frarbattery. If this battery is low, a small combastengine
with no connection to the wheels is used to credetric energy. On this technological basis patdlbrids
can be defined as old technology and serial hylaglaew technology. However, this distinction iclilt to
be done in our data set because it has to be doeath patent individually and manually. Thus,deeided to
take a conservative perspective and label hybsdsea technology.



Figure 3 shows the absolute number of patent famibn a yearly basis from 1985 until 2012. A clear
dominance of the old technology can be seen ubtiB2when the number of ICE-related patent fam{i445)
still doubles the number of BEV-related patent figani (1,019). While the number of patent families i
approaching in 2009, the emergent BEV-technologggaver leadership in patenting activity in 20hd ases
steeply until 2012, whereby the number of ICE-edapatent families moves sideways. In contrashéoptublic
and scientific discussion (e.g. Bakker, 2010; Baldteal., 2012), the number of FCV-related patamtifies is
still on a very low level with a maximum of 168 pat families per year in 2008. The HEV-technology,
however, shows higher patenting activity with a&ptr increase from 2006 onwards.

Irrespective of the boost in patenting activitiencerning BEV, it has to be noted that from the-a880s until
2008, R&D activities for the conventional ICE teclsgy had been intensified. Since the first requriat
standards for lower carbon emissions (ZEV regutatioy CARB) were implemented in 1990, followed by
further regulations and program approaches (e.gCARB or the European Union), the intensified paten
activity afterwards may be a response to theselatigns in order to incrementally improve ICE eiffiacy. As
R&D efforts to promote HEV and BEV technologies yostarted 15 years delayed in 2005, the automotive
industry obviously decided to concentrate on enimgnthe old technology instead of promoting altéinea
technologies. On the other hand, the number of & V-related patent families clearly outweighs thumber

of ICE-related patent families since 2009. In cojion with the aforementioned intensification 6B8-related
patenting activities between 1995 and 2008, thisteataken as a first hint towards the existencae tefporary
sailing ship effect in the automotive industry. kD{2014) and Dijk et al. (2015) support our findipginting out
that after 1995, alternative technologies entenéal & phase of decreasing growth rates with sondemae@ven
being withdrawn from the market. In addition to thieinished interest in BEV and HEV, they obsemiense
efforts in improving conventional diesel enginesidy that phase, which underlines our propositidnao
temporary sailing shop effect.
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Figure 3 Number of patent families for conventional an@ative propulsion technologies.

The cumulated number of patents confirms the dongi@af the old technology, at least until 2008 (iFé&g4).
The old technology still totals until 2012 for abalouble the amount of patent families than akralative
technologies. When thinking of the intensified imation activities since the mid-1990s, it has toableed that
the high share of patent families cannot be trduserk to long time ago patenting activities buthe increase
between 1995 and 2008. In contrast, it has to lednthat a considerable hump together with a slowdof
cumulated ICE patenting activity can be observe@(A8. At the same time, the cumulated number of BE
related patent families undergoes a steep rise 2068 onwards, counteracting the heretofore doncimani
conventional propulsion technologies. This goesnglavith intensified climate protection policies and
programmes in the aftermath of the economic arahfifal crisis of 2007, stimulating R&D activities well as
market opportunities for alternative propulsionhtealogies, particularly BEV (Dijk et al., 2013). &e findings



underline the conclusion drawn from the developnarthe absolute patent data that a sailing sHigcehas
been taken place in the field of propulsion techg@s. At least on patent and thus technologiozl)ethe
effect seems to be limited to the timeframe betwE@9b and 2008. We received clear evidence thatvation
activities in recent years begin to focus on neshmelogies, particularly concerning battery electrehicles,
while activities in the old technology stay on ast@nt level.

Very interesting to see in this context is the tilag between technological and market level: Algtodhe
dominance of conventional technologies on techricéddevel due to the sailing ship effect ende@@98, this
development is not yet reflected on market level.dbte, there is a total of 400,000 electric cagstered
worldwide, in contrast to about 700,000,000 velsicleith conventional propulsion systems (ZSW, 2014;
Statista, 2015). Although the number of electribigkes showed growth rates of 100% per year duttieglast
three years, the share of electric vehicles i3 siitremely small. We can conclude that the dynaniic

patenting and innovation activities for alternatpm@pulsion technologies are reflected in the miarket that
the absolute numbers are still on a very low level.
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Figure 4 Cumulated numbers of patent families for converati@md alternative propulsion technologies.

When considering the relative shares of the tecyie$ under study, the temporary sailing ship ¢fets even
more obvious, particularly when comparing ICE- @MV-related patent families (Figure 5). From 1985 t
1995, the share of ICE-related patent families elesed from more than 90% to about 60% while theesbi
BEV-related patent families grew from less than 1i0%early 40%. After a short period of lateral rament at
the beginning of the 1990s, patent activity for I@&s intensified again, holding shares between 688670%
of all propulsion patent families until 2008. Aetlsame time, the share of BEV-related patent famiiropped
to about 20%. Since the mid-1990s, HEV-related rgatemilies increased to shares between 10% and 20%
while FCV-related patent families constantly hofuses lower than 10%. Even though part of the drdpEV-
related patent families may be explained by risiagvities in the area of HEV, the opposite devaiept of
patent shares of old and new technologies shoveeree for the intensification of innovation aciedt in the
old technology at the expense of new technologies.

Although the effort in developing alternative teotogies started in the early 1990s, the old teabyleacted
after a first phase of euphoria in the new techgplby mid-1990s. An explanation for the stabilitiy IGE
technologies from 1995 to 2008 might be the retatechnological power of the conventional ICE texbgy.
After a first phase of technological pressure amgheria due to the CARB regulations in 1990, theotive
industry started initiatives to improve ICE basedimcreasing innovation activities. This can bensag another
hint towards the proposed sailing ship effect aleast the lifetime of the old technology has bpeslonged
significantly. On the other hand, in 2009, the shaf alternative patent families exceeds the SlbhrkCE-



related patent families and constantly rises @&@ill2. Particularly BEV-related patent families urgtea steep
increase and hold a share of about 50% of all p&emlies from 2010 onwards, while HEV- and FCVated

patent families hold quite constant shares dutingyieriod. This development is probably due todbminance
of battery technologies and particularly lithiumsbkd batteries in R&D for alternative propulsionteyss since
2008 (Golembiewski et al., 2015; Wagner et al.,30Ih addition, the fact that the automotive indysends to
give priority to incremental innovations such aslfefficient ICE instead of radical innovations Bus battery-
electric and fuel cell vehicles might contributettie sailing ship effect (Zapata and Nieuwenhudd,® van den
Hoed, 2007).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

1985 1988 1991 1994 1997 2000 2003 2006 2009 2012

ICE  weeeeee BEV = = =HEV == —FCV

Figure 5 Relative shares of conventional and alternativgylsion technologies.

5 Conclusions

In sum, our analyses confirmed the existence adiling ship effect in the automotive industry inme of
conventional and alternative propulsion technolegi&e found patent-based evidence for a tempowting
ship effect on technological level between 1995 aAd8. Our results show several implications for t{le
study of technological change (theoretical perspekt for (2) players in the automotive sector (iatty
perspective), and for (3) policy makers (policygperctive).

Firstly, we present evidence for the existence shiling ship effect. By our empirical setting, felowed the
call of Howells (2002, 2005) for an empirical te$the propositions of the sailing ship effect. @esults could
be taken into account when forecasting diffusioradoption patterns of new technologies. Furthermoe
could conclude that it is not — as sometimes eitjylior implicitly stated — irrational. By conneatj the sailing
ship effect with the well-established mechanismspath dependence, the individual rationality of hsuc
behaviour becomes more evident. It is not irratidread- or inertia-based behaviour but rather retidn the
face of internal (sunk costs, know-how) and extefoastomer loyalty to the old technology, complenaey
products and services) influence factors.

Secondly, our results show that major part of tir@vation behaviour in the automotive industryubject to
the sailing ship effect which should be considerestrategic technology planning. There are somentcases
that show the manifold pitfalls for industry plagen this area. For instance, the battery manufact&123
filed bankruptcy (New York Times, 2012a) and Chéstrset out the production of its HEV “Volt” due to
stagnating sales numbers (New York Times, 2012tylitfonally, Toyota retrenched its plans to sthg tvide-
spread sale of the BEV “eQ” due to a misperceptibits market potential (New York Times, 2012c).dhess
model innovation regarding new technologies (Bu@tiestensen et al., 2012) might create possilslifoe new



technologies in market niches that might evolvecklyi Overall, our findings may be helpful in orderbetter
evaluate technology and market development as asglicompetitors’ behaviour in times of far-reaching
technological change.

Thirdly, in countries of major automotive productiand consumption as for instance China, Francem@wy,
India or the United States, manifold initiativesstabsidize old technologies can be identified (Algenburg et
al., 2012). These subsidization strategies seebe thighly inefficient in light of the sailing shigffect. When
the old technology still holds efficiency and pditun reduction potential, the promotion of altemat
technologies may lead to ‘dead ends’. Considering findings, a standard-based regulation that fesumn
certain CQ-limits seems to be more appropriate since it lsahe innovation process open to competition. A
solely favouritism of new technologies hinders ogeble innovation in the old technology since sedR&D
resources are allocated to the new technologi@sn Fan ecological perspective, the exclusive devetop of
alternative technologies does not seem to be fiegtefe concerning the mitigation of climate chanig®. First,
even in optimistic scenarios, the electric drivdteraatives will only reach minor market sharesthe next
decades. As Fouquet (2010) as well as Pearson axohR2012) already concluded in their studies loa t
transition to a low carbon economy, a rapid and; eiusion of ecological innovations and thus arshto
mid-term replacement of existing energy technolegiannot be presumed. Second, the ecological ingfact
electric cars depends strongly on the sourceseafridity. If the energy creation is sustainablel aenewable
(e.g. wind or photovoltaic energy), the well-to-whemission balance of energy propelled cars igipeslf the
energy comes mostly from fossil fuel powered engaigyts, the emissions reduction effect of eleatahicles
is a solely local one with no or even a negativeral reduction effect (Christ, 2012; Hawkins et 2012). In
contrast, incremental adjustments of the old teldgyowill have even greater overall effects regagdCGO-
reductions (Schéfer et al., 2006; Oko-Institutlef@11).

Although our findings show major contributions teetdiscussion of the sailing ship effect, somethtions
have to be stated. Firstly, a selection bias cabrotxcluded in our data set. We tried to redutedfiect in
conducting a very broad search ex ante and valigatur data ex post. Secondly, the distinction betwdirect
sailing ship effect behaviour and other influenc@yelopments, such as political regulations ared fuices,
remains methodologically difficult and seems toabworthwhile endeavour for further research. Thirdfter a
thorough discussion, we characterised hybrids asteehnology, being well aware that summarisingajbelr
and serial hybrids might affect the selectivitytlodé data set. Another option could be to analyseitiigation of
the propulsion system as a separate strategy of OeMleal with the transition from conventionalefectric
power trains (Raven, 2007). Alongside with the pnésd sailing ship effect, there may be other &Sféloat
hinder the diffusion of alternative technologiestle automotive sector: for instance, the widelseegched
rebound effect (Brannlund et al., 2007; Small arah\Dender, 2007). This effect could be even fodtdne
efficiency gains due to the sailing ship effect.oftrer manifestation of the sailing ship effect niiglkso be
traceable in the domain of process innovationst@Riss and Utterback, 1995, 1997). This specificuscence
of the sailing ship effect seems to be a valuabkstion for future research.

Finally, further approaches to detect and measheesailing ship effect in the automotive industould be

applied in future studies. One question for exanpilght be if the sailing ship effect is strategigahtended by

automotive executives as a distinct strategic optio if it presents an unconscious outcome of ciffe

dynamics. Moreover, it seems to be very promisiogqtialitatively analyse the strategic decision-mgki
process regarding technological change of automaiecutives. A survey with R&D managers might elven
supportive for a deeper insight into decision dyitanin times of technological change. Furthermae,
calculation based on market data might be anotpproach to analyse the sailing ship effect. Theefaew

products and pre-market-stage innovations (protstyfleet trials) might be collected over time amdhlysed

regarding possible action-reaction patterns betviercompeting technological trajectories.
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Elements of path dependence are pivotal to the rationales of sailing ship strategy.

It can be rational to stick to an old technology instead of switching to a new one.

Our analyses confirm this innovation behavior in the automotive industry.
Patent-based evidence shows a temporary sailing ship effect between 1995 and 2008.



