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The Value Proposition Development and Market Diffusof the Two
Products Push and Pull

A Comparative Case Study

ANDREAS VENNEMAN & JONATAN HEDIN

Department of Technology Management and Economics

A comparative case study of two new product devekaqt projects that were initiated

in the late 1990s was conducted. The products fedosved up until today. The value
proposition development and global diffusion of thwe products referred to as Push
and Pull was examined. Data collection methodsigeddi semi-structured (in person
and telephone) interviews, internal and externalideent reviews, and an online
survey. The initial value proposition was realizedarge extent for Pull but not at all

for Push. The perception of the value propositianes between the developing
company and its customers, mainly on complexity @ogervability dimensions.
Obstacles to adoption for both innovations werestargial. For Pull legal requirements
and utility policies, problems in internal accem@nand an apparent need for closeness
to the development site were the most significdrstacles. For Push, poor customer
perceived price performance ratio, problems witkrimal acceptance, and skepticism
towards technology used were the most significastaxles. Catalysts to adoption were
strong for Pull in primarily the Nordic market buweak elsewhere. For Push catalysts
were weak in comparison with Pull and obstaclesda€atalysts for push were weak
since the initial value proposition could not balized. The global diffusion in the
market has been relatively sparse for both prodgigen the long time since launch.
The diffusion and the maturity of the product difseibstantially between different
markets.

Keywords: Value Proposition, Diffusion of innovatidProduct innovation, NPD, New
Product Development
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1 Introduction

Companies of all sizes today like to talk aboutrthmovativeness. Clearly, profiting
from innovation is more about choosing the rigletasl to develop, and smoothly take
them from concept to product, than about generdtiagnost inventions. “There are
more ideas in any organization, including busintdss) can possibly be put to use,”
Peter Drucker stated in his (2003) classic on iation, "Innovation and
entrepreneurship".

Although surveys confirm that most managers vaevation high, most are
dissatisfied with the innovation management inrtbein organizations according to a
study by Arthur D. Little (2005). As global comgein is ever increasing, innovation is
a necessity for keeping margins up and surviving.

Innovation can come in different forms, and whether product innovation,
process innovation or business model innovaticemother form, it seems essential for
the sustained competitive advantage. Innovatioredrorganic growth, which is the
basis for higher return to shareholders, fastessgtowth and higher EBIT growth than
other companies (Krogh and Raisch 2009). A complaatydoes not change and
improve will not be able to withstand fierce compet in the market over time since
others will outrun it. This is true since innovaitsohave the potential of destroying
another company's way of making profit.

1.1 Background

Product innovation is often first thought of whasadissing innovation in general. In
Schumpeter's (1934) seminal work “The Theory ofriernic Development” product
innovation is the first innovation category. Produnnovation can easily be seen by the
customer and it is tangible, unlike process inniovet for example. Most would agree
that product innovation is essential for manufaotycompanies that want to stay ahead
of competition in their respective industries. Rrcidnnovation can come in many
shapes, from the fine-tuning of a long establistwed successful product to the
completely new and radical introduction of a pracuever seen before and everything
in between.

To be able to apply the term as broadly as possilsiyort definition of innovation
Is chosen as defined by the Innovation Unit atUkeDepartment of Trade and Industry
2004: “Innovation is the successful exploitatiomefv ideas’as cited in Tidd and
Bessant (2009).

Sometimes innovation tends to be confused withntisa which is only a part of
innovation. The concept of innovation involves tsides, as seen in the definitions
above: The inventive aspects, which one often cdam#snk of first intuitively. The
other side however is not to be forgotten, theastirey of the product or
commercialization, putting the product into use.iAventive product encapsulates a
new idea of some kind. However, being inventivehhigpt turn out to be the most
difficult part in the introduction of a new product

For a product to be a true innovation it also leaset accepted in the market,
preferably replacing or displacing a predecessodyt. In order to do so, the
perceived attributes of the new product must bgreater value than the alternatives, at
the very least to some users. Innovation managethestconcerns translating
technology and ideas into products and making tbemmercially successful.
Innovation management in that respect integrateskanological, market, and
organizational thinking of how the companies caargjthen themselves by innovation.
One way of connecting the inventive phase of prodegelopment with the



commercial outcome in the market is to link how kealaspects were integrated and
thought of in the development phase. The intercotmme between the two sides of
innovation is a matter of interest to this theaswill be explained in greater detail in
the problem analysis and purpose.

The research was accomplished by conducting twe staslies on new product
development projects in ABB. This mode of reseaathosen due to the complex
structure of this problem. Therefore, emphasisutsom detailed contextual analysis of
these two projects. Yin (1984, p23) defines theestgdy as "an empirical inquiry that
investigates a contemporary phenomenon withirealife context; when the
boundaries between phenomenon and context ardeaolycevident; and in which
multiple sources of evidence are used".

There are two major reasons for conducting thisaesh through a case study.
The first one is that the case study is likely émgrate novel theory. By juxtaposing two
cases with sometimes conflicting features, theeebstter chance of reaching novel
insights than with other potential research meth®tle second advantage is that the
theories that result from case study researchlaaly ko be testable and valid, because
they have already been tested during the theongibgiprocess (Eisenhardt 1989).

An objective of this thesis is to give recommenoiagi for future new product
development projects in ABB by scrutinizing two guat development projects seen as
representative for research and development effottee company. The thesis devotes
much attention to describing how the products vaeréacto realized, launched, and
sold to different customers with different saleamfels i.e. the diffusion of the
innovations. It is thus be a study that spans firtial product idea conception to the
situation in the market today. The transition froomceptualized initial value
proposition to developed and realized perceivetbousr value in these two products
will consequently be of interest. Some of the fextbat affected the speed of diffusion
in the market will be studied.

1.1.1 Problem Analysis

Given the circumstance that innovation has twossttere is a need to look at both
these to understand the success and failure opnesucts. The internal inventive
product development phase thus ought to be linkddtive commercial spreading of
the developed product. Hines (2005) notices thdtimwihe new product development
(NPD) literature there are two distinct groups: fingt being papers related to
development process effectiveness, and the se@nd papers related to market
success. Since these two groups are so intimatigconnected in the innovation
definition, we can presume that the developmens@lperformance has great effect on
the outcome in the market. A product with greathramtages will subsequently be
adopted quicker by users than one with lesser dadgas. Yet little literature deals with
this linkage.

The problem to be researched is the lacking simetias understanding of the
value proposition concept in product developmexitthie concept of diffusion of
innovation in the market. Now that we have estaklisthe scope of the inquiry, let us
turn to what the purpose of the thesis will be.

1.2 Purpose

The purpose is to follow two products from valuegmwsition development in new
product development all the way through to theudithn of the product in the market.
This will add to the understanding of how valuensated in new product development.
The purpose is to be achieved by conducting astasky of two products that were first
developed in the late 1990s and launched in thabieg of the 2000s. The thesis will
thus examine the development projects and launtesk two products together with

2



the subsequent result in the marketplace. Cemtrthiis investigation is the speed of
diffusion as affected by the perceived customeuaalvhich in turn is affected the
underlying value proposition of the products.

Much focus will therefore be on the developmenthefvalue proposition, the
potential changes over time in the value propasitinarketing efforts, as well as other
possible causes of the disparate market successiderstand the relation between
value proposition development and market diffuslmresearch will measure
perceived value both internally and externally. ©kerall perspective will be of
innovation management nature. This will mean a nmarket-oriented outlook, but
with technology aspects certainly integrated.

1.2.1 The cases

As earlier stated, we have turned to study two petsldeveloped by ABB, a
multinational corporation with approximately half revenues stemming from its
automation business and half from its electric powesiness. ABB has, within its
electric power business, recently developed anddaoted a number of innovative
technologies pertaining to high voltage circuitdkers. These types of circuit breakers,
very simplified, have the same function as eleatrswitches do in homes but must
tolerate much higher currents and voltages, whiaecessary in power transmission.
Two examples of innovative products in this fietd ¢he products Push and the Pull.
These two products were both first introduced iary2000 are the two product
development projects on which this thesis hasitss.

Push is an alternative component in circuit breskeplacing a conventional
spring drive.

Pull essentially combines two products in one. Rad little new technology in it
but its newness comes from the fact that it integréwo products in one and thus
makes disconnectors redundant.

The perceived success of these two products imtr&et has been significantly
disparate. Likewise the two products differ sub#dly in their type of innovativeness.
A much more thorough description on these prodwdtgollow in the empirical results
chapter.

1.2.2 Research questions

With outset in the previously stated purpose thiefong three research questions will
be of central interest in this investigation:

1. In what ways did ways did the development precgg?ush and Pull differ in respect
to the advancement of the value proposition?

2. Are there differences in how Pull's and Puslahie propositions are perceived
externally and internally?

3. Which were the catalysts and obstacles thatenfted the market diffusion speed of
Push and Pull?

1.3 Delimitations

The technological depth of this inquiry will limdedue to the fact that this thesis has its
outset in innovation management rather than inneldgy per se, e.g. mechanical
properties or electrical withstand. It will not diss what technical changes would have
altered the value proposition. However, technicapprties will be part in the



investigation in the sense of understanding thdyets and what (economic) value they
create for customers. This thesis is not an evialwatf the current marketing and sales
effort. Nor is primarily intended to give recommaitidns on what should be done with
the studied product today, but it is rather dirddtevards what can be done in general
in terms of managing the innovation process at ABie efficiently.

The empirical data used in this study is colledtgdwo case studies within the
high voltage branch of the power equipment indugthus the external validity, the
possibility to generalize the thesis' findings alegsof the industry cannot be verified for
other industries without conducting further stuByyiman and Bell 2007). In fact, true
conclusions can only be drawn on these two spetdfses. The generality of the
findings, extending outside the specific casesldcand should thus be questioned.
Nonetheless, it is likely that the results willldte relevant for other industries sharing
major characteristics in the product developmedtadoption of innovation.

The findings presented in this thesis have beearmfgigntly abstracted or
generalized due to the sensitive nature of manydietg.

1.4 Disposition of the thesis

This report is organized as follows. First hergadtames an overview of previous
research in the field of management of productwation. It forms a theoretical
framework on which the analysis will be built. Teneral innovation process will be
delineated first to form a frame for the remainoethe theory section. From there the
early phase will first be covered with subsequdrases immediately following.
Afterwards comes a description of the methodolagipived, outlining the methods
employed to answer the research questions.

The results section will start with an introductioithe context in which the Pull
and Push were developed. This will mean a shadduiction of the electric power
industry and also some basic information about ABBet the reader quickly
acquainted with the surrounding environment. Thiédavelopment and diffusion will
first be presented followed by the same disposifiiwriPush. In the analysis which
follows, the two developments and commercializaponects will be contrasted with
each other but most importantly with the theorgamework.



2 Theory

The theory chapter is structured as follows. Fhe general classifications of new
product developments (NPDs) and innovations wiliisele. The innovation process
from product idea to the sustainment of businessvered divided into three phases:
Search, Select and Implement. This constituteshayiers 2.3, 2.4, and 2.5.

The perspective on the NPDs is of value proposiievelopment and market
diffusion character, aiming to explain from a thegaral viewpoint how the value
proposition evolves and how that can effect madii&ision.

2.1 Innovation process models

Following World War 1l during the 1950’s and mid’6@nany new industries were
established based on seizing technological oppibenExamples of such industries
include semiconductors, pharmaceuticals, electromigputing and synthetic and
composite materials (Rothwell and Zegveld 1985addition, several already
established industries could be revitalized thaoksew technology. Based on this
societal development, a simple linear model of nedbgy push was developed.
From the mid 60’s and onwards an increased focsspaion marketing due to
increased competitiveness. With that came the &hifards listening more to the
demand side, i.e. the market. This lead to thersktype of innovation model called
market pull or need pull. (Rothwell 1994)

Innovations were categorized into a dichotomy adhpull, see Figure 2, and
technology push, see Figure 1, (and still are bgynaNeed pull innovations are those
products that stem from customers’ needs’ focuss@ldpment. Thus, if a company
asks some of its customers for improvement idedssame of these are subsequently
adopted in an existing product that would be adgfcase of need pull. Technology
push on the other hand, is the type of innovatibene a company starts with a
technology and looks for an application of it. Tgreduct on which the new technology
is applied will in this case be a technology pugietof innovation. This type of linear
move from basic scientific discovery into saledeépicted in Figure 1.

Basic Design and

science engineering [ | Manufacturing —») Marketing |—»|  Sales

Figure 1 — Technology push (Rothwell 1994, p. 2)

Sales

L

Market need [— Development Manufacturing

L

Figure 2 — Market pull (Rothwell 1994, p. 3)

This simple dichotomy has become very popular dugtry and is often referred to by
practitioners. Many times technology push idedsdaiealize into successful product
innovations and this category must therefore oftand back for small improvements
of existing products which are more likely to gextereconomic return. Nonetheless,
there exist a large number of technology push iatious that have become very
successful. Some include: nylon, radar, antibipsgsathetic rubber, cellular telephony,
medical scanners, photocopiers, hovercratft, fipgicaables, transistor and integrated
circuits (Tidd and Bessant 2009).



Linear models (LM) of innovations have been mugticized in the research
community for being overly simplistic. Yet thereeaecent defenders (e.g. Balconi,
Brusoni, & Orsenigo (2009)), who claim that mostlod criticism directed towards the
LM can be used in creating a more refined modes, they say, not so that model has
been proven wrong as many claim.

The track that should be preferred is dependetth@movelty of the innovation.
Less novelty is usually handled better in markék gevelopments. The problem is that
customers do not always know their needs (or aleaat not able to communicate to
the manufactures) and that is where technology ptrategy comes in. Technology
push strategy does however not mean developingdoéadpy for the sake of it; the
products must in the end fulfill customer needs.

Later on in the 70’s a third generation model waxgetbped based on the many
systematic innovation studies by scholars well kmeeday, such as Utterback, Cooper,
and others. This model recognized that the teclyygbeish and need pull models were
extreme and atypical. Instead it postulated thegs®e of interaction between
technological capabilities and market needs asglbmiore true to reality. The third
model is portrayed in Figure 3.

New Needs of society
need [** and the marketplace
I i I ) [ \
//"_ _\\ ¥ L ¥ ¥ // -
{ | Research Marketing /
( Idea \ ! ' Profotype - [ Market-
| : design and % ; w Manufacturing e and
| generation !I|""" development production cals """'IH place ;||
,-/ F' 3 I} [y \ ,/
I h 4 k. ¥ Y
New . .
[ State of the art in technology and production

tech

Figure 3 — The Coupling Model (Rothwell 1994, p. 4)

The model has been described by Rothwell and Zdd8B5, p. 50) as “a logically
sequential, though not necessarily continuous gdbat can be divided into a series
of functionally distinct but interacting and intefgendent stages. The overall pattern of
the innovation process can be thought of as a aaar@t of communication paths, both
intra-organizational and extra-organizational, iimgktogether the various in-house
functions and linking the firm to the broader stignand technological community

and to the marketplace. In other words the proogssovation represents the
confluence of technological capabilities and marnezds within the framework of the
innovating firm.”

A fourth generation model was based largely onJdpmanese industry, because of
its ability to innovate faster and more efficientiyan Western companies. Key
components include parallel development and integraParallel development means
that different parts of the company works at thee@roject at the same time, not
sequentially as was earlier the conventional wayarking with NPD. Integration
refers to the early stage involvement of suppli€ss model came about in the 80’s
due the success of Japanese firms. Yet today n@anganies struggle with
implementing it. Figure 4 below shows the princifdeparallel development.
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Figure 4 — The Internal part of fourth generation (Rothwell 1994, p. 6)

Table 1 gives a summary of the different generatmininnovation models. Due to the
ease of use and idealization, the need pull arlthtdogy push model are very much
used to this day. A combination of push and putistragree, is needed for successful
innovations most researchers argue. In this thlesisimple push and pull dichotomy
will also be employed.

Generation Key Features

First and The linear models — need-pull and technology-push

second

Third Interaction between different elements and feedi@mis among
them — the coupling model

Fourth The parallel lines model, integration with the fjrapstream with

key suppliers and downstream with demanding andeactistomers
emphasis on linkages and alliances
Fifth Systems integration and extensive networking, fllexand

customized response, continuous innovation
Table 1- The five innovation models (Tidd and Bessar009)

The type of innovation model strategy being folloWeainly) has implications on the
development of the value proposition. In the tedbgyw push strategy the value
proposition is typically not well-articulated ingfbeginning of the development. Instead
it is the opportunities in the new technology seif that are seen. In market pull
innovations the value proposition is usually refaly clear given that the idea of the
product has come from the market in the first pldics important to be aware of the
fact that technologically advanced customers doetiones have other demands than do
the main market customers (cf. section 2.5.2.@uents of all generations of models
have interesting elements to this thesis; howewefitst two are mainly used in the
analysis for reasons of making the process moiadimbel.

Before turning to the innovation process model fatlewing subchapter
dissects product innovations based on their cortipasand effect on the market.

2.1.1 Disruptive innovations

Clayton Christensen (1997) made disruptive innavatamous in his study of the disk
drive industry. Before this publication the domitaiew in technology strategy had
been that established firms and technologies psdiblecause of new products offering
of superior performance (Adner 2002). Christensek the opposite view looking at
how products with inferior performance could wireoestablished products with better



performance, if judged on the conventional perfarogaparameters. He introduced four
criteria for distinguishing disruptive innovations:

1. They create new markets by introducing new products

2. The new products cost less than existing

3. Initially the product performs worse when judgednbginstream criteria

4. The technology should be difficult to protect uspagents.

In the hard drive industry, disruptions came infttrens of new markets forming on
basis of lower performance demands. These marketsdeds that differed
substantially from the mainstream market. The ntedasn market manufactures had
built relationships with customers and were abldeliver ever better performance,
according to the needs of the mainstream custombesexisting manufactures could,
however, not serve the needs of a small segmdntilofers of small PCs who wanted
cheaper and less technologically complex prod&tsll entrepreneurial firms formed
to meet their needs. As is well known now, the P&kat grew remarkably and with
that the reliability of smaller hard drives. Thug)at was first a niche market became
the main market in which the previous market lea@deuld not compete. Once
mainstream manufactures realized the need to eti@rhad earlier been in fringe
market, it was too late. Figure 5 shows how theugigve technology B (e.g. smaller
hard drives) building on technology Y over timefifldd the needs of and outcompeted
technology X (e.g. larger hard drives) on its owarket A.

. . Technology X
» " . Technology Y
" Market A

Valued
Performance
factors

Market B

time

Figure 5 —Performance of disruptive innovations (Tidl and Bessant 2009)

New-market disruptive innovation is a second sodddition to the low-end sort of
disruptive innovation illustrated by the hard droese. The new-market disruptive
innovation does not cater to the least profitablgt@mers of an existing market, but
rather fits to a new or emerging market where tlaeeeno incumbents.

If a product is disruptive, it is not likely to hathe same sales development as an
incremental innovation. In the case of new-markstugtive innovations, the market
appreciating the specific characteristics of thedpcts has simply not been formed yet.
In the case of low-end disruptive innovations, rierket is from the beginning seen as
unattractive because the customers are only witbngay a minimum price, which
means low margins for the seller. Thus, few incumtd@roduce low-end disruptive
innovations.

Christensen (1997) states that because of low wedusiow diffusion and low
profitability in emerging markets, disruptive inragions are likely to die in large
organizations. The antidote to fatal thinking i$dom a separate organization with an
entrepreneurial climate where the new product cavivee while the market is being
formed.

2.2 The Innovation Process in New Product Development



The innovation process can be likened with a fureedepicted below in the Tidd and
Bessant’s (2009) model, see Figure 6. The reasimdbéhis is that in the beginning of
the development of new products there is a neéabtoat many ideas. The first phase
of the funnel is thus searching for opportunitiBisis involves scanning the internal and
external environment for opportunities for change.

Quite naturally after having found a number of maréess promising ideas a
selection process becomes necessary. Only few ategserceived to have enough
inherent value to be considered worthwhile develgpurther. In the selection phase it
is possible to form a tentative value propositidnichk will guide the further
development.

Decisions in the selection process are typicalgelleon the strategic intent of the
company. Once ideas have been selected for fustbi the process of new product
development reaches its next phase, the implen@miathase. The implementation
phase is certainly important but it is far from thdy constituent of innovation
management. This phase involves making the ideaaimeality. This includes the
technical translation and also includes the lawfdhe innovation onto a market.

Last but not least is the appropriation of valueapturing of benefits phase. This
phase contains the improvement of the process reamag for future projects. This
last phase has been found crucial in innovationagement but it lies outside the scope
of this thesis and will therefore not be coveretihdugh the initiation of this thesis
itself can be seen as being part of the capturegoha

Search — Implement " Capture -
how can Select - — how are how are we

. what are : .
we find we going going to going to get

— e make it the benefits
Value proposition >

L

Figure 6 — The innovation funnel (Tidd and Bessant 1Y) with the value proposition development integragd

A big name in new product development (NPD) literatis Robert Cooper. His
research together with others focuses on the ssi¢aetors in NPD. He is behind the
term winners and losers research in which casssafesses and failures in NDP are
studied (Cooper and Kleinschmidt 1993). The iddarizkthis genre of research is to
find general success factors by drawing on sewasgs of best practice in large
American companies (e.g. Fortune 500). Likewisis, tbsearch looks at factors that
negatively affect the success of NPDs.

This type of winners and losers based researchupad Cooper’s (1988) stage-
gate model which is commonly used in industry. Bugs widespread use in industry
and applicability in ABB it will be briefly preseed in the next subchapter. Thereafter,
follows the model according to the funnel describadier.

The stage-gate model refers to a structured wapimwying out a development
project in distinct phases called “Stages”. Betweach Stage, a review called “Gate” is



carried out. The Gate consists of a gate commitiaedecides if the project can
continue on to the next Stage, and certain stamat@locumentation that is the basis
for the decision. The stage-gate model is thuseali model for structuring product
development.

2.3 Search

The first step in any NPD project is to look foe&s which can be developed into
products. These ideas can come from numerous ehff@ources, such as for example
employees or customers. The ideas are aiming atilcgedifferent types of innovation
and they can be the result of several modes ofdivanovation process (cf. with the
innovation models in the previous section). Thesesame of the aspects that will be
given attention in this section.

2.4 Select

The selection involves matching found opportunitiéth company strategy and
customer needs. Decision making at this phase easgp task given that uncertainty is
substantial. This thesis will in this phase only&othe tentative value proposition at
this stage since that is a key in deciding whetihgo ahead or not with an idea.

2.4.1 Value proposition development

The concept of “value propositions” has been ussteshe 1960s. The interest
increased in popularity from year 2000, when judgggublished journal articles and
conference papers found in Scopus. It is todayrtbst frequently recurring element of
companies’ business models (Osterwalder 2004).

A value proposition is a company’s configurationtefoffer to create value across
different internal customer roles (Kambil, Ginsbetal. 1996).

The “value” part in “value proposition” is the swhthe customer’s cost
associated with adopting the product, and the ousts perceived performance of the
product. The “proposition” part in “value propositi’ suggests that the value is
proposed to a certain customer or customer segment.

These are the three dimensions that Kambil, Gigséeal.(1996) use in their
value proposition matrix portrayed in Figure 7.

Even within a single company, which would intuiliveeem to be one single
customer, different roles are played by differestoes in the buying process. These
actors will make different valuations of the offageding different value propositions.
When analyzing how products’ value propositionsmaeeived, it is as important to
understand key characteristics of the productddpeance and cost-related) as to
understand where they fit into customers’ orgaimrat The three dimensions will now
be presented in greater detail.
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Figure 7 — The three dimensions of the value propd&in (Kambil, Ginsberg et al. 1996)

2.4.1.1The perceived cost of the offer by the customer

The cost to the customers of a product is usualtyequal to the price tag of a product
or service. Kambil, Ginsberg et al. (1996) buildorgMurphy & Enis (1986) identify
three main constituents of customer cost: prick and effort.

Price is the direct financial cost of acquiring greduct. Among commoditized
products, it is the key differentiator.

Risk includes a wide spectrum of uncertainties bechavith the acquisition —
physical risk, financial risk, selection risk, dglask functional risk and psychological
risk.

Physical risk encompasses the actual danger aof @sproduct.

Functional risk encompasses the potential failunden operation of a product.
The effort part of the cost is mainly an efforttig® the acquisition,
operations/maintenance effort and complementaoyrtef.g.effort to adapt other
systems to the new product.

The acquisition effort is directly associated wviltle acquisition. It includes
specifying requirements, evaluating alternatives jgimysically and financially
acquiring the product. Financing and delivery dasise would be examples of a
company’s attempts to lessen the acquisition eftorcustomers. The operations and
maintenance effort is the effort needed to keepptbduct operating during its lifetime,
as well as disposing of it when it is no longerdudRoutine service is one typical sort of
maintenance effort.

The complementary effort refers to the cost ane tmeeded to find
complementary products needed to operate a newgirod

2.4.1.2The perceived performance of the offer by the aqusto

Performance refers to a products ability to matatiain customer needs. To offer a
value proposition with high value i.e. good perfamoe price ratio, a company must
understand the customer’s needs. According to AHirgl993), customer needs can be
divided into four broad categories; basic, expeatiedired and unanticipated needs.

The basic needs are fulfilled by the core functiohthe products. A circuit
breaker must for example be able to break the ouared a capable current conductor.

The expected attributes fulfill needs that all cetitprs in a certain industry feel
obligated to fulfill in order to compete. Complianwith international standards could
be an example.

The desired attributes are attributes that theooust knows exist for products of
another market segment (typically up-market) butaswilling to pay for. It could be
an extensive service package or a more techniadilgnced solution.
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Unanticipated attributes of products respond talaglkat the customer has, but is
unaware of. They are by definition the hardestteicto, but once successfully
identified and responded to, the benefits can lgehu

2.4.1.3Customer roles

Kambil, Ginsberg et al. (1996) divide the custommée into a buyer role, a user role, a
co-creator role and a transferer role that all nedak linked to the product’s value
aspects. Lengnick-Hall (1996) points out specificdie buyer role and the user role as
always present customer roles.

The buyer role is where the customer evaluateseksis, searches for suppliers,
evaluates suppliers, buys and receives the proMesting the customer in the buyer
role with a value proposition can mean streamlinivegordering and support functions,
or making it easier for the customer to evaluatersf

The user role, which is the most frequently thougfiwhen referring to “the
customer” is where the customer actually usesdetdrvalue from) the product.
Meeting the user role with a value proposition ogan making the product easy to use
under different circumstances, for example throsicadability.

Meeting the co-creator role means involving the@uer to create value, often
also passing some value to another customer. Amestopening up its product
installation for observation by other (potentialstomers helps the causes of both the
customer and the supplier. The supplier get to sh@noduct well functioning for other
potential customers to see. The customer helpsmgake product it just bought more
widely adopted, thereby assuring the access tacegispare parts and over time
possibly lower cost.

Meeting the customer in the transferer role witralie proposition means
simplifying the product disposal or substitutiom éocustomer at end-of-lifetime.
Construction for easy disposal, service at disnrantnd the possibility to make direct
substitutions of worn-out products by backwards patibility all cater to the
transferrer role.

Osterwalder (2007) also pays special attentioarnd,links the value proposition
intimately to the customer role. His view is thatue propositions are unique to
customer segments.

In order to be profitable, a company must avoidiagnits value proposition
towards a segment that is overpopulated by congpe@nd thus underway to enter
commoditization. There are mainly three ways tlis be done. Firstly, by extending
the value frontier towards lower cost, but at tams time providing a more basic
offering. Secondly, by extending the frontier todshigher cost, but also giving higher
service. Thirdly, unique value propositions carcteated through shifting the whole
frontier through the introduction of new technology

The value proposition is the most common constitirerecent scientific
descriptions of business models (Osterwalder 2088)ough there are a number of
different definitions of value propositions in aitation, Chesbrough and Roosenbloom
(2002) concludes that one of the four most impdrtamctions of a business model is to
“articulate” the value proposition.

The most successful companies in the NPD procesacaording to multiple
studies those who involve customers early in NRDing) the opportunity search and
analysis phases where the value proposition isddrrim the SAPPHO Studies
(Rothwell, Freeman et al. 1974) the understandfragustomer needs was the most
important discriminator between success and failuidéPDs. Cooper (1988) and Zien
and Buckler (1997) both found that early custonvalueation was a major booster of
product success chances. Intensive customer ititarand the number of new product
ideas were shown to be positively correlated inrégsearch of Murphy and Kumar
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(1997). Alam (2006) points out that evaluation ofcepts and the reduction of
development cycle time were facilitated by customsgraction during the fuzzy front
end.

2.5 Implement

Realization of selected ideas is a key part of wation. In this chapter the diffusion
process will be covered.

2.5.1 The process of adoption of innovation

For innovations of any kind it takes time to be@teéd. The study of why and how
innovations are adopted gives understanding odliffiesion of innovative products in
markets. The speed at which a product diffuse$ paudicular interest. Roger’s (2003, p
5) has defined diffusion as: “the process in wkaohnnovation is communicated
through certain channels over time among the mesnifeat social system.” The
message of the communication concerns the newiidl®ayation, and the sharing of
information to create a mutual understanding. Hie®ty has its outset in
communication theory and it thus deals with howeiinfation about an innovation is
transmitted by means such as mass media and pkecsomaunication (Mahajan,
Muller et al. 2000). People have different propgnfar utilizing personal
communication versus mass-media.

For incremental product innovations regular mangtorecasting techniques
(e.g. regression analysis with certain parametasgd on earlier generations, or the use
of indicators) often suffice to give a good pictofavhat adoption might look like.
However, for more disruptive products it is mor#idilt to tell what the diffusion
process will look like.

History has shown over and over again that foraugslisruptive technologies
and products is next to impossible. Yet, forecgsisna central pillar in business
planning for innovation. This is not so much foe tiekason that the forecasting is
accurate but more for the benefits of going throtigthforecasting process. In trying to
forecast adoption for radical innovations explonatmethods are employed. The most
common are: customer or market surveys, internallyais, Delphi or expert opinion, or
scenario development (Tidd and Bessant 2009).

Ever since the 1960’s there has been an acadetareshin forecasting and
modeling diffusion of innovation. The most promihearly contributions were
(Mansfield 1961), (Rogers 1962), and (Bass 1969xh8 end of the next decade 6 out
of 8 of the basic models for diffusion had been leygd. Since then the main
development has been modifications such as thedattion of marketing variables, the
flexibility of diffusion at different stages in dé@rent countries, considering successive
generations of technology. These models are akaiat being able to anticipate future
development. The development has, however, beadlmsexplaining past behavior.
(Mahajan, Muller et al. 2000; Meade and Islam 2006)

In hindsight, empirical studies have shown thatsimores of innovations of
different kinds there is a typical adoption curthes so called s-curve, depicted in Figure
8 below. A good fit to the shape of this curve ocamost cases be found. Despite that,
the difficulty to predict remains.
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Figure 8 — The s-curve

The shape of the curve is dependent on demandasitisupply-side factors (Tidd
and Bessant 2009). Those include direct contatt tivé innovator or imitation of prior
adopters. Imitators often have different percepiohbenefits or risk than the former.
For the latter factors such as relative advanté@eé annovation, availability of
information barriers to adoption and feedback betwaevelopers and users have been
found to be of importance.

Diffusion of innovations is puzzling phenomenoneagithat sometimes those who
stand to benefit greatly at adopting an innovasilhwait seemingly unexpected long
before adoption it. Rogers (2003) point to two pimaena which have both become
famous examples of when an innovation has takerisurgly long to diffuse in one
case and has barely diffused in the other dedpét@bvious advantages of the products.
The two examples are a cure for scurvy in the $rinavy and the Dvorak keyboard.

Tidd and Bessant (2009) mention four main factbas torm obstacles to
adoption: Economic, which include considerationp@fsonal costs versus social
benefits, incentives and adequate information. Bieinal aspects are motivations,
priority, inertia, propensity for change and riSkructural reasons consist of
infrastructure, sunk costs, and governance. Org#noizal barriers are goals, routines,
power and influence, culture and stakeholders.

The epidemic model is probably the most commonédusodel to explain the S-curve,
followed by the probit model (Geroski 2000). Thenfier model is based on the
assumption that there is a homogenous populatipotehtial adopters. It explains the
adoption in how information is transmitted. Thedabne acknowledges heterogeneity
in needs and utility of adopters. In doing so mmisre sophisticated and it postulates that
different customers and users have different tlulelstalues. Yet, it does not
acknowledge that the rationality behind the adotidiffers.

The commonality between both these models andotbdhey try to explain why
the speed of adoptions tends to be slow. If a meWwrtology offers significantly
improved performance why is it that not all firmdogat it as quickly as possible?

Rogers (1962) explained the s-curve by the hetamgein the adoption
population. This book has become the standarddektbn diffusion of innovations. He
postulated that the population follows a standastridution curve (see Figure 9), with
those over 2 standard deviations (sd) from the meamed innovators, those 1 sd called
early adopters and so on according to the nornsédillution curve below, see Figure 9.

14



Pragmatists: Conservatives:
Stick with the Hold on!
herd!
Visionaries:
Get ahead
of the herd Skeptics:
Techies: No Way!
Try it!
Early maiority

Figure 9 - Based on (Moore 1998)

Rogers (2003) and (Moore 1998) have in summaryagx@dl the categories in the
following manner. Innovators are technology entasits, who are venturesome and
enjoy being cutting-edge. They tend to see thenpiaiebenefits and are thus eager to
try out the new product. Innovators can be usembliect valuable input for
development. Furthermore, they typically help oudeébugging products. This group is
relatively small and true to the normal distribaticurve it only makes out 2,5% of the
entire adoption population.

The early adopters group is the group within whiabst opinion leaders reside.
This is so for the reason that they tend to hagh demands and take well-informed
decisions based on the performance seen amongatarevThey are willing to pay
well when they see the chance to achieve brealkghsoOpinion leaders play an
important role since most potential adopters atecapable or have no interest in
staying in touch with the latest news. Instead-gel@hare simply follows what opinion
leaders have done.

The early majority is the start of the tipping poivhen the diffusion speeds up to
reach a more self-sustaining paste. The rate sapidks up and also those with doubts
will see themselves dragged into adoption. Thigeen clearly in Figure 10 in which the
S-curve and normal distribution curve are put tbget
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Figure 10 — Stylized diffusion curves (Meade and lam 2006)

The early majority is mainly interested in improvam not radical change. They are
cautious and want to see reference cases fromsotlter are alike themselves. This
poses a problem in the beginning since there amelyrianovators and early adopter
showcases. In addition this group is somewhat m@resitive.

The late majority are conservatives who want sinajpie reliable solutions. Price
is an important matter for them as they will noy paore than necessary.

Last to adopt are the laggards since they arenergéskeptical to innovations
and change. They are afraid of new technology amuywihat it might create losses.

This model has been criticized by Geroski (2000)fdy being useful at
explaining a diffusion process after it actuallgored and not for predicting future
diffusion. Overall, Meade and Islam (2006) concltiuzt there is some emerging
convergence on the most appropriate ways on homctode marketing variables into
the models, but that there are several viableradteres. At this stage bad models can be
disregarded but it is harder to say which one mdeétter than the other. In other
words, there is no single model as of now thaaiidktter than others.

Moore (1998) has in his bestseller “Crossing theesali’ emphasized the
importance of taking into account the differing ded&etween innovators and adopters
on the one hand and those of (early and late) mamustomers, on the other hand. The
two first groups have atypical needs and are aftere technically proficient. That
means that having won the acceptance of innovatatsarly adopters is not enough
for success in the entire market. Likewise listgronly to those two earlier groups can
misguide because they have other needs than thef tbe market.

2.5.2 Affecting the speed of diffusion

Despite the fact that there is little agreementhenrelative importance of the factors
influencing the speed of diffusion, there is agreatron which factors are of most
significance. Tidd and Bessant (2009) divide thetdis into three clusters:
characteristics of individual or organizational pt#ys, characteristics of the
innovations itself, and characteristics of the emwmnent. Individual characteristics
include such matters as demographics and educhbiaokground. These typically can
be said to play a greater role in consumer prodhets in business to business dittos.
Environmental factors include market environmertdt eammunities’ network as a
sociological aspect.

Of greatest importance to this thesis are, howekiercharacteristics of the
innovation itself. Rogers (2003) has outlined foategories (see Figure 11) that interact
in determining the rate of diffusion.

Relative
Advantage

Observability Compatability

Trialability
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Figure 11 — Perceived Attributes of an Innovation Rogers 2003)

Before describing more in detail what these factwes the innovation decision process
(Rogers 2003) is presented, see Figure 12. Thidaeilitate the understanding of the
five factors. When an innovation of any kind isattuced there are five steps before
wider adoption, e.g. by a company. First any paaéatopter must learn about the new
iIdea. Thereafter follows a phase in which an opirabout the innovation is formed.
Once an opinion is formed a decision to adopt @ctean be taken. The innovation is
then put into use with a large likelihood of ad#iptas being made. Last a final
confirmation of reversion of the initial adoptioeaision is made.

Knowledge

Learning about existance Gains understanding of function

Persuasion

Forming of attitude towards the innovation

iﬁ

Decision

Engagement in activities that lead to adoption or rejection

|¢

|¢

Implementation

Putinto use Re-invention commonly takes place

Confirmation

Reinforcement of adoption decision May lead to reversion of earlier decision

|¢

Figure 12— The Innovation Decision Process (Roger§@3)

2.5.2.1Relative advantage

The relative advantage deals with the subjectiveevthat the customer believes the
product has. This value can thus differ betweemnotners as performance parameters
are weighted differently. The relative advantageesponds much to the utility analysis
(cost/benefit) that the customer does, explicitlynaplicitly. However, it is important to
recognize that this concept is narrower than theevproposition concept presented
earlier. For example the cost of adoption as pattdlin the Kambil, Ginsberg et
al.(1996) definition includes parts of what (Rog2@93) include in compatibility

factor.

The greater the relative advantage the fastergedsof diffusion will be. A new
product that is perceived to be of much greatanevéthan the product it supersedes, by
many potential adopters, will diffuse quickly.

Although this factor could be strictly economicniature, including financial
measures of pay-back or NPV, other factors terabioe into play. Since uncertainty of
the performance of an innovation is high, econaamialysis can only give an indication
and thus other factors will play an important rdleese other factors include
convenience, satisfaction, and social prestige.

2.5.2.2Compatibility

Compatibility regards the values, past experieaeesneeds of potential adopters. If
these aspects are perceived as being consisténtheiinnovation that will mean that
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the innovation will diffuse more quickly and vicerga. Therefore, how an innovation is
positioned in relation to other products will afféice perception. Closely connected to
this is how the product is named. The name can raakierence in how an innovation
is judged, as it will determine against what praducwill be compared with. In
particular values and norms have been found td begortance, more so than with
existing products (Tidd and Bessant 2009). It i&bly that few innovations initially fit
the adopter’s environment perfectly.

2.5.2.3Complexity

“Complexity is the degree to which an innovatiopésceived as relatively difficult to
understand and to use.” (Rogers 2003, p. 257lltvirs that a product that is simple
for users to understand will be adopted more quittikhn one for which new skills and
knowledge has to be developed. Expeditionary mentgetvhereby potential users are
educated by the seller, is a mean towards greateptance and reduced complexity
(Hamel and Prahalad 1994).

2.5.2.4Trialability

“Trialability is the degree to which an innovatioray be experimented with on limited
basis” (Rogers 2003, p. 258). Trying a product mseamopportunity to dispel
uncertainty for adopters. Furthermore, this wilba the user to learn from testing
instead of first theoretically learning before atilog the product. The opportunity to
test a product before real adoption will servertbance diffusion, given that the users
find the innovation to have desirable charactessti

For product innovators there is much value in hgwrrals since this can give rise
to input for further development and improvemermniofher reason for employing user
involvement in the process is to increase thaiqdar user's commitment to the
product, thus making it possible to transfer a pobdavhich is still not fully developed.
As stated earlier, users can help out in the dabggyf a new product. There is,
however, a problem involved in using innovators aady adopters since their needs
differ from more mainstream customers (cf. Moor88)9 The overall conclusion
drawn by Tidd and Bessant (2009) is that not emglvustomers is often associated
with customer dissatisfaction. Yet, high involverndoes not guarantee user
satisfaction success.

2.5.2.50bservability

“Observability is the degree to which the resuftaminnovation are visible to others.”
Moore 2003, p 258). Again the higher an innovasoares on this factor the faster it
will diffuse. This aspect has much to do with conmication between actors of a type
of product. Generally, for some innovations itasier to communicate the benefits
between different users whereas for others theymtdohs to be experienced. Earlier
adopters can persuade not yet adopters throughisvballed vicarious learning.
Vicarious learning means that users can experiampreduct through another
organization.

2.5.2.6The role of opinion leaders

Rogers (2003) states that there are some membarsaafial system that are more
influential, called opinion leaders They tend tonficother members’ views of the
innovations’ characteristics. This influence cahgusitively or negatively on the
diffusion of the products. In terms of the diffusiprocess proposed by Rogers, opinion
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leaders have their strongest influence in the exmn stage of the process, where other
members of the social system weigh advantagessigigadvantages of the

innovation. Later adapters are more prone to Beented by opinion leaders’ views
than others.
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3 Research Methodology

In this chapter, practical considerations for cagyut the case study in a manner
securing its validity and reliability is presented.

3.1 Research Design

The research method for this report was chosentiloutset in the research questions
in 1.2.2 above. As they are of mainly how or whyuna and there is access to
contemporary accounts from interview subjects withie unit of analysis (the
company), a case study design has been foundttelbaost suitable research method
(Yin 2009 p. 8). Some initial research propositibase been stated and then refined in
an iterative fashion to reach the conclusions gtatéehis report.

The examination was conducted through a practiesi®d comparative case
study between two new product developments. Thegsses of development from idea
conception and development initiation to marketing sales were investigated and
mainly by retrospective interviewing, which givesiajection of longitudinality. The
research was carried out at a compressed time(3paa 2009 - November 2009).
Secondary data was employed to help gain deepghtrend provide a basis for better
transferability (Eisenhardt 1991).

The comparative case study, also referred to asplaitase study, makes it
possible to explain the two products and draw glsiget of "cross-case" conclusions
(Yin 2009 p. 20). Eisenhardt (1989) argues thattiplel case studies can generate richer
theory.

In order to draw cross-case conclusions therteasieed to compare the two cases
throughout the entire development. Therefore amreffas been made to find as detailed
historical data as possible, relating to the dgualent. To achieve this, an extensive
range of interviews was performed with ABB emplayes well as customers.
Databases and other document sources containimigraftion about the product
development were rummaged for relevant data.

The data collected was of mainly qualitative chemgdut containing elements of
quantitative data like market results, cost of dmweent and legal costs. Meanwhile,
the data analysis has been quantitative to soneateXtor perceived value to customers,
qualitative data was obtained. To ensure the gualithe analysis, there was a need to
make use of triangulation. The level of analysitheorganization as a whole, including
corporate research, business unit development,atiagkand sales, as many parts of
the company have been involved in decision makingrad the product development.

The focus of this report is on the cases and exipigithem building on their
unique contexts, which differentiates it from crssgtional research with more focus
on general findings. The report findings in themselcannot be seen as externally valid
outside the product group of high voltage breakamsd, any theoretical findings should
be tested before assumed applicable in other emmieats.

3.2 Data Collection

To achieve high reliability, a clear chain of ewide has been established, connecting
the case study questions with the case study rg@oa case study protocol and case
study database. The case study questions/resaagstians are linked directly to 1.
research topics 2. evidentiary sources and 3.aebess to theory, in the case study
protocol found in 8.1 Case Study protocol.

By defining how operational measures are depidtiegnain concepts of the
research (diffusion and value offered to customieigt) construct validity is ensured.
The concept of diffusion is operationalized by meas of order volume and
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geographical spread. How value offered to custonsesperationalized in the contrast
between internal and external views on the valopgsition is explained in more detall
under the definitions in the analytical framework.

A large case study database was collected anddsbor&BB Corporate Research
servers in Vasteras. In the case study datab#sead range of sources have been
collected.

The case study was carried out with documentatohiterviews from Corporate
Research, High Voltage Products business uniti@md front end sales departments (in
different markets). In case study research thenetslways a clear cut off point for
data, but the aim has been to have confirmatory flam at least two different sources.
The primary method for data collection was thaserhi-structured interviews. External
sources include customers and in a few cases failtenstomers’ views communicated
through a separate set of semi structured intesziew

Four structured interview surveys were created. ®nwlate was used for Push staff
and one for Pull staff. Another template was usedfistomers buying Push and yet
another for Pull customers. Due to the fact thatrésponse rate was low no meaningful
separate statistics can be given for this survestebd the responses given in the survey
will added to that achieved through semi-structunéerviews.

Semi-structured interview transcripts are the mast used data source. Interview
subjects were named and marked with affiliation.ekample of interview template
used for ABB employees and customers is attacheslifgerview template in 8.2) to
this thesis, ensuring reliability of data. The mtews were recorded and later
transcribed.

During the interviews, an effort has been madeotb fiollow the case study line
of inquiry and ask the actual questions in an wsgdamanner. This was many times
difficult as the thesis’ proposition tended to ughce the way of formulating the
guestions. Some interviews are ended in an in-defghview manner, where the
respondent (bordering to the role of an “informau allowed to propose his own
insights to certain occurrences, and where theggogitions have later on been a base
for further development of the research propos#ion

The collection and analysis of project documentnisther source of qualitative
(but also to some extent quantitative) data. Thrudents collected have included
steering committee protocols, other meeting prdsg@mail correspondence,
PowerPoint presentations given internally and &tamers, and sales data. There are
also multiple Excel sheets filled with data on safenancial approximations and project
investment. Additional external sources includenaliarticles foremost published by
Cigré. This ensures reliability and that the praged used are so clear that they can be
used by anyone afterwards (Bryman and Bell 20G7p.

3.2.1 Primary Data

Approximately half of the interviews have been matout over telephone. The
remaining interviews have been carried out in per3elephone interviewing required
some additional considerations in comparison wlitre" telephone interviewing. For
example, there is little possibility to act on piegs signs of puzzlement to clarify
guestions (Bryman and Bell 2007). Some respondaigist not ask for repetition of the
question if it is unclear. This problem has beakled by formulating questions as
clearly as possible and restating questions inscasgespondent hesitation.
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3.2.2 Secondary data

Sales data has been collected from the productB' BABiness unit, High Voltage
Products.

Cigré reports are reports published by the Intéwnat Council on Large Electric
Systems (Cigré). They are written by one or morentyer organizations and published
to facilitate technical exchanges among the aaibtise power generation and
transmission industry.

PowerPoint presentations have been used througiptrojects to communicate
directives to working group. They have been foundatabases and provide excellent
insight to the direction of the projects.

3.3 Data Analysis

The unit of analysis is an organization, the conyp@BB. To achieve a high level of
internal validity in the analysis, thorough pattematching and extensive explanation
building were put to use. The patterns of the twealbpment projects were matched
against current theory and then against each dth&erms of explanation building,
important events and results from the two projactsfirst analyzed to some detail. This
is done relying on a basic theoretical foundatind #neoretical propositions made from
mainly project management and diffusion literatdreen, some general conclusions are
drawn at points where equal conditions were dontinan

In concluding on answers to the research questaakear and logical chain of
evidence has been built to answer each of themlobeal chain analyzes the path
from factors inside and outside the unit of analy#ie organization) to the measured
end results, see Figure 13. The factors are idedtdy searching for patterns and
themes in interview transcripts. To make the logibain internally valid, each factor
must be emphasized by independent informants, palrfferent roles. They could be
development staff on Push and Pull projects, saeple or managers. The informants
must also indicate the causal links between facodsend results, directly or indirectly
(Miles and Huberman 1994).

Factor 1 "=
. Bect
e ot
Factar2 .\ — Bect | Result
I
Factar 3 1‘

Figure 13 -Operationalization of measures (Miles and Huberda&8v)

To achieve high construct validity, clear meastioeshe constructs of the research
guestions have been created, see table Table 2.

Research Question Constructs used Operationalizatio

1. In what did ways did the a.) value proposition First and subsequent

development process of mentions of customer value

Push and the Pull differ in in a.) internal development

respect to the advancement documents b.) marketing

of the value proposition? material aimed at
customers

2. Are there differences in| a.) value perception Count of interview

how Pull's and Push’s mentions of product value
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value propositions are aspects
perceived externally and internally/externally for
internally? Push/Pull
3. Which were the catalystsa.) catalyst/obstacle a.) Count of interview
and obstacles that perception mentions of product
influenced the market b.) the market diffusion catalyst/obstacle
diffusion speed of Push andspeed internally/externally for
Pull? Push/Pull
b.) Sales data used for
judging the diffusion state
2000-2009

Table 2 — operationalization of concepts

3.3.1 Semi structured interviews

The meaning condensation (Lee 1998) is used toambshe most important themes
from the semi-structured interviews conducteds H five-step method:

1. Read the entire transcript of the interview

2. Find "natural meaning units" consisting of wordmtences or paragraphs that
relate to an identifiable theme

3. Label the meaning units, and perhaps, describe thiéma short paragraph

4. Match the natural meaning units with the researgstijons

5. Integrate the natural meaning units to a more nmgguni, non-redundant set of
underlying themes

The method with its use of natural meaning unitsdlbowed for making rough
quantifications of interview answers in combinatieith the survey answers received.

3.4 Validity and reliability of analysis

In conclusion, construct validity, internal valigitexternal validity and reliability are

the most common tests used to judge the qualigngdirical social research. Their
result is also the most critical conditions foreasudy quality (Yin 2009). Construct
validity means connecting change with operationehsures that match the specific
concepts studied. Internal validity is the measidrdirect and exclusive causality
between two events, which means that left out érfing factors lowers the internal
validity of the conclusions. External validity isveeasure of how the findings generalize
beyond this specific case study. Finally, goodaf@lity ensures that the same case
study could be done again and that author woulchréze same conclusions. Table 3
summarizes how we have ensured that data colleatidranalysis holds a high quality.

TEST Our tactics Phase in which tactic
occurred
e Specific constructs used in research
questions
Construct e Measurable operationalization of Data collection
- constructs.
validity :
e Multiple
e Report and presentation reviews by
cross-functional reviewers
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Logical chain of evidence in
conclusions

Internal
validity

Cases pattern matched against each
other and against current theory
Explanation building based on
triangulated facts

Rival explanations addressed in
discussion

Data analysis

External
validity

Replication logic: corresponding datg
collection methods used for both cas
Corresponding data analysis method

Research design
ES.

S

Reliability

Case study protocol with solid
theoretical foundation used.

Well structured case study database
with all collected raw data accessible

Data collection

Table 3 - Adapted from (Yin 2009 p. 41) - Case Studwctics for Four Design Tests
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4 Empirical Results

In this chapter the empirical findings will be peased. First hereafter, follows a brief
introduction to the context of the product devel@pitrproject. It starts with an industry
overview, followed by a presentation of ABB andapeally its way of doing new
product development. An introduction of the cirduieaker is presented before the case
study results.

The remainder of the chapter is divided into suptdra according to the funnel
model presented in the analytical framework. Thismean that the main divisions
will be between search, select, and implement.atdifate comparison, each
subchapter will first treat the Push case, immedifdbllowed by the Pull case. In this
manner each subpart of the funnel can be easilyasiad against each other for the
different cases.

4.1 Introduction

The energy industry counts to the world’s largadustries. The electric energy sector
is one part of this industry. Over the past yetrs European and other electricity
markets have undergone significant deregulationcamdolidation, resulting in three
out of four of the world’s largest utilities nowihg European (Datamonitor_Group
2009).

4.1.1 Industry overview

The initial stage in the power system value chaigeneration of electricity. From the
power plant there is a need to transmit electec&rgy to users. This is accomplished
by transmission, at higher voltage, and distributit somewhat lower voltages as
displayed in Figure 14. The objective of the ggdtem is to transmit electric energy at
required availability (ideally with no interruptiej) quality and cost with minimum
environmental impact and personal hazards.

In deregulated power markets, generation, transomssd distribution are
generally three separate lines of business. Eaghhsts a need for profitability to
sustain its business. The deregulated markets driverworld function slightly
differently. In general, however, the transactibasveen the blocks are steered by
availability, quality and cost of the electricaleegy. If a contracted supply is
interrupted the vendor has to pay penalty. Inte¢romg of all kinds are thus heavily
disliked.
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Generation  Transformer

Distribution stations Grid stations Consumer

Figure 14 — Generation, transmission and distributdn of electric power (ABB PowerPoint presentation)

Between different grid lines are substations thatused for switching and transforming
purposes. During the last years substation compgananufactures and solution
providers have introduced much innovation in sulisteequipment. The benefits of
those innovations range from reduced maintenanst ease of operation, to simplified
substation layout design. However, for utilitiedbtable to appropriate the benefit, they
are often required to revise old design policy application standards. (Finn, Olovsson
et al. 2009)

4.1.1.1Conservatism in the industry

Utilities are conservative in their purchasing vbstation components (and other part of
the grid) and they tend to prefer proven and fantiesigns. Given that grid operators
must consider the entire lifecycle of their insdlbase, standardized apparatuses are
preferred. They often view the introduction of neguipment as introducing risk.
Furthermore, utilities see other benefits in stadidation. These benefits include lower
substation cost, proven operating procedures, pregeipment, and simpler spare parts
stocking requirements. (Finn, Olovsson et al. 2009)

4.1.2 ABB and the organizational context of the developmé

ABB is one of the largest power and automationnettgy companies in the world.
The name ABB is an acronym made up of the firsetstof ASEA AB of Sweden and
BBC Brown Boveri Ltd. of Switzerland. These two quemies merged in 1988 to create
ABB. It is a publicly traded company and shareABB stock are listed on exchanges
in New York, Stockholm, Frankfurt and London/Zuridhe company has 120 000
employees in about 100 countries. The order val®908 was 38,282 MUSD and the
revenues were 34,912 MUSD.

The company has five divisions among which twoddnearticular interest to this
thesis. These are the Power Product and Powerryltgsions. The former includes
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ultrahigh, high and medium voltage products (egitchgear, capacitors); distribution
automation; and transformers. The latter includestecals, automation and control for
power generation; transmission systems and sutxssatand network management.
This means that the Power System division usesalfglproducts developed by Power
Products, including the two products examined is téport. In the Power Products
division, the High Voltage Product business unifisnost interest since that is the unit
that owns the circuit breakers.

When it comes to the development of new producispnly the business units
are involved. ABB has several Corporate Researibs spread around the world. One
of these is located in Vasteras, where some dewalapof interest for this thesis has
taken place. The Corporate Research center typicalids over a prototype to a
business unit after concept development, for furtleyelopment as seen in Figure 15 —
ABBs R&D organization. The figure also shows thepsof what is done by Corporate
Research and the business units, respectively.

Customer / Suppliers / Competitors / Government / R egulations / Other Stakeholders

ABB Business Strategy

Research Division / BU
Product

Product,
service,
system

Development

= Explore future technologies and trends, witl = Mostly predictable,
high risk of failure aim to limit and control risks

= Results: not clearly defined at outset, often|| = Results: typically well-defined, includeg
intangible significant share of product

= Often broad relevance maintenance
to ABB (often cross-BU/division) = Mostly specific relevance to BU

Figure 15 — ABBs R&D organization (modified ABB PowePoint presentation figure)

When products are ready for the market, they dcetboough Front End Sales (FES) to
the customer. This is, however, not the only pathe company involved in the selling.
An example of the internal sales chain is illugtdain “Svensk Forséljning” (Swedish
Sales). FES is backed up by sales support at thefacturing business units as shown
in Figure 16 — ABB’s sales .In addition, there iseparation based on the type of
customer.
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Market

ABB Power Products & Systems Svensk Forsaljning

End users Power generation Channel partners Service
(Grid/Industry) (System
integrators/
OEM/

Wholesalers)

Sales support - products Sales support — systems
SEBUU Power Automation & Substation
SEBUU Grid System

Manufacturing units

Figure 16 — ABB’s sales approach for Power Productand Power Systems in Sweden
(modified ABB PowerPoint presentation figure)

4.1.3 Circuit Breaker

Circuit breakers (CBs) in one sense have the sanwibn as
switches have in homes but must tolerate much higlreents and
voltages, which is necessary in power transmisdiorbe more
technically correct “a circuit breaker is an appasan electrical
systems that has the capability to, in the shopessible time,
switch from being an ideal conductor to an ideaulator and vice
versa.” (Application Guide - ABB Circuit Breakersg) It should
thus fulfill the following requirements:

“1. In the stationary closed position, conductstated current
without producing impermissible heat rise in anyt®fcomponents.

2. In its stationary positions, open as well aseth the circuit
breaker must be able to withstand any type of alages within its
rating.

3. The circuit breaker shall, at its rated voltame able to make and
break any possible current within its rating, withbecoming
unsuitable for further operation.” (Application @ai- ABB Circuit
Breakers, p. 8)

Two examples of innovative products in the fielccw€uit breakers = .

are Push and Pull. These two products were bathifitroduced in | 0

year 2000 and are the products that have been egdrm this thesis "= i
Figure 17 - The Circuit

report. . . . Breaker (ABB Image

Pull essentially combines two products in one. Rephlaces  gank)
one part in the breaker. Push can thus be a coneplamy product to
Pull.
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4.2 Push’s and Pull's Development and Diffusion

When Percy Barnevik assumed the role of CEO for A#Rer the fusion between
Swiss BBC and Swedish ASEA, in 1988, one of thditatality related goals he
brought with him was increased sales from new peted(Carlsson and Ekwall 2003).
Less profitable products should be replaced by meagucts with more value added.

In the years following the fusion, ABB’s many nat&d research organizations
were organized into eleven corporate research anogjfor different technologies, a
structure completed in 1992. The research progtedsa program manager and a set of
directives each. The directives pointed out fogesasand potential pathways for the
technologies at hand.

4.2.1 Search - Push

One of the research programs, called Current Cdimhjc
Interruption and Limitation (CCIL), was based inst&ras.
The manager for the program gave a directive to
"reconsider magnetic drives"” in 1994.

In ABB and in the industry it had long been known
that the drive mechanism was the number one failing
component in circuit breakers, before SF6 leakage a
breakdown of secondary and auxiliary circudssRE
1994), see Figure 19. As the cost of unplanned orétw
failures was on the rise, emphasis for high voltage
equipment development was on increasing reliabilibye

only drivg mgchanism availablg to open and clng hi Figure 18 — Spring drive
voltage circuit breakers at the time was the spdiirige, operating mechanism for
basically consisting of an electrical motor, a rheping and circuit breakers (ABB Image
a mechanism for the motor to charge the springFapee  527%)
18 — Spring drive operating mechanism for circugdkers. When operating to open
position, the spring accelerates the breaker cdandaceas apart and the resulting force
is decelerated by the breaker construction. Thises heavy stress on the breaker
construction and requires extensive
concrete founding for the breaker.
The magnetic drive called forin  ® .
the CCIL program directive was an idea meshanism
that had been around for some time, ° —
referring to a technical solution where SFe soondary and
an electromagnet is activated to pull a auxiliary circuits
breaker to closed position and »
deactivated to let a mechanical spring ve
retract the breaker to open position. The H
goal from ABB'’s side was clearly to 0 Omw  Hasw W oo
produce a concept of a simpler drive Figure 19 — failure reasons for SF6 breakers
mechanism with fewer mechanical partS (modified ABB PowerPoint presentation figure)
that could wear down and break.

FIGURES BASED ON TOTALS OF CIGRE SF6 CB STUDIES
failure rate (%)

From 1994 and onwards there were multiple condeptsew drive mechanisms
developed at ABB Corporate Research (CRC) Vasterésoperation with the
switchgear business unit in Ludvika and busineds umItaly and Germany. Ludvika
raised interest for a Push type for 72-170kV (tblime segment for high voltage)
breakers solution in 1997, and a technology devety project commenced with
heavy involvement from ABB CRC. The magnetic dreamcept was later adopted by

29



the medium voltage business unit in Arboga, buengvototyped for high voltage
breakers. Italy's switchgear business unit and @R&eras both developed concepts
with electrical off-the-shelf motors while the sehgear business unit in Germany went
for a linear motor design.

In 1997 it was decided that a High Importance RtqjelP) called ModBreak
should form the basis for the next technology stdpgh voltage breaker equipment.

“The task of this HIP is to prepare and prove thexntechnology step for high
voltage circuit breakers for all applications. titroduces a new design philosophy
into HV Transmission and Distribution Systems byodgosing the switching
function into two parts- current interruption anéetectric withstand [...] The first
pay off after the 2 years of HIP will be receivedapplying a low cost drive on

the existing low end CB’s for 145 kV.”

The project was managed from Zurich and the maiffiisty of the drive development
part of the project was German. A linear motor emdor the drive mechanism part of
the project was supposed to be prototyped in Jgrilg89.

Starting a few years earlier, ABB Hybrid systemapa divested ABB business,
and a car manufacturer, had been working on atrielear concept driven by new
regulation in California in the mid 90’s. Speciabuirements of accelerating a heavy
load quickly made it interesting to transfer thec#dical motor, motor control and
capacitor technology to what would become the Rwsject. This project was
undertaken in CRC Vasteras and in the applicablérBliidvika. In Vasteras there was
a transfer of software, hardware and competenee fn@ ongoing electrical car project
that was being deescalated because of yet agamgicigalegislation in California.

The first prototype and feasibility study were puodd at CRC Vasteras during
May to June of 1998. A document from late 1998 estgian immediate development
of a functioning prototype of a Push fitting a LT48D breaker for prototype testing
and demonstration in February 1999 and productldpereent. The manager at the time
requested that technology (software and hardwaia)ld be reused from the electrical
car project to get a prototype ready as fast asilples

4.2.2 Search-Pull

In the beginning of the 1990’s Vattenfall, a laeedish utility, had a project called
substation 2010. The aim of the project was togrea concept for the future
transformer station. In essence the objective wasmsider how substations could be
improved.

4.2.2.1The Conception of the Idea to Integrate two Fum&imto one Apparatus

Within the substation 2010 concept group the idemPull was conceived. This
followed from the zeal to reduce the number of congmts in substations. It was well
known that with increased number of componentsigtkefor failure increases.

Disconnectors (DSs) in particular had been a tesdrhe story and had a large
maintenance need. The DS had over time becomedhkest link in the chain. Earlier
DSs had been applied for the reason that CBs wageunreliable and thus needed to
be disconnected when serviced or replaced (moret abis later).

At this time (the early 90’s) Vattenfall did notlgnas today, own and operate a
power distribution network but also owned majortpaf the Swedish transmission
network. Vattenfall Transmission was at that tiraersas very technically advanced
and progressive, leading the technical developrimeBtveden (and sometimes globally)
for utilities.
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In the early 1990’s, there was an
established intimate cooperation between
Vattenfall and ABB for the development of
gas-insulated substations (GIS) for 800kV.
Therefore, the Pull idea was first discussed

FUTURE —_— PAST

| functionality | ~

v Sy

in that forum in the mid-nineties. environment technology
Short before those discussions the

pursuant International Electrotechnical \ /

Commission (IEC) standard had been 7 economy |

changed so that the requirement of a visible
open gap was no more stipulated. The
reason that the standard had been chang
was that within the concept group for the
800kV GIS one had come to think of
enclosing the disconnectors would mean less prabl&isconnectors typically have
short service intervals due to pollutants of déferkinds.

Since it is not possible to see the gap withinkieaker chamber it would have
been almost impossible to think of a Pull withche thange in the IEC norm. Although
at first before the norm was changed, there wademto have an inspection window so
that the old standard could be satisfied. Howew#hout the change it would still be
difficult at all to think of using a Pull. That chge was most likely the reason that the
idea was pushed, a project group member argues.

qIjiiure 20 — The future substation (Wahlstrom,
shima et al. 1996)

Another perspective to the context of the ideavsmby the 1996 Cigre paper
(Wahlstrém, Aoshima et al.) that deals with theicdag the future substation and gives
an insight to the zeitgeist. It postulates therélva a shift from substation gear being
technology and reliability driven. Instead econaah&nd environmental aspects will
play a greater role, see Figure 20. Furthermoseillibe hard to win rights-of-ways for
new transmission lines and it will be difficult éatend present substations. Therefore
there is a need to utilize present systems bettarbetter monitoring, controlling and
data processing.

4.2.2.2Towards more Reliable Substations

Around 100 years ago the large-scale constructi@heatricity systems commenced.
These networks were first utterly unreliable duéhefact that the circuit breakers had
a complicated construction, both electrically anechanically. This caused a large need
for maintenance with frequent power outages. Ostagee in the past a prominent
disliked guest and to some extent still is (seei@.the Appendix for one example).

The disconnector innovation could thus come in gaBg using disconnectors on
each side of a circuit breaker, a particular breakeld be repaired while keeping the
rest of the switchgear energized and in serviceghiday, outages are a problem.
Therefore improved reliability is a key in prodagtvelopment.

As much effort had been directed at improving #l&bility of CBs, the typical
service interval for new breakers had increasedeibover 10 years with the new SF6
breakers, as shown in Figure 21 — Maintenance avitrent breaker generations.
Disconnectors, on the other hand, had not seeimgmpvement in terms of reliability
performance. Thus ironically, disconnectors whiel learlier been used to facilitate the
replacement or maintenance of unreliable CBs hadrbe one of the major causes of
failures in substations. Typically, ABB'’s circuitdakers require maintenance every 15
years, whereas the disconnectors (open-air) requaiatenance every 4 to 5 years
(Olovsson and Lejdeby 2008). The development af ¢hblution is schematically
shown in the graph and in pictures (Figure 21 bglow
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Oil tank breakers

Air blast breakers )
Disconnectors

Oil minimum breakers
SF6 breakers

v

1950 2000
Figure 21 — Maintenance with different breaker genetions (modified ABB PowerPoint presentation figue)

In the mid fifties compressed air was introduced agw extinguishing medium to
replace bulk oil breakers. Air had the advantageigth interrupting capability and short
interruption times. The dielectric withstand walstieely low and therefore made it
necessary to use up to 10 chambers in seriesvioltage of 420kV. Since high air
pressure had to be used, the risk of leakage wghisamd thus the need for service and
maintenance was likewise high.

The next major step in the evolution of breakers W@ minimum oil circuit
breakers. These had higher withstand and neededl@stenance. Nonetheless, certain
switching conditions required substantial mainteegorograms. The next step was to
start using gas, more precisely sulphur hexa fl@(5F6). This solution meant major
improvements on need for maintenance over minimuigirouit breakers. With SF6
gas, voltages of up to 300kV can be accommodattdansingle chamber and up to
550kV with two. (Application Guide - ABB Circuit Bakers, p 12). Although, it is to
be noticed that SF6 is a strong green house gas.

This development meant that if the disconnectimgfion would be handled by
the breaker, the unreliability of the disconnectwoaild not adversely affect the
reliability of the substation system. Higher relidp translates into higher availability
which to differing extent translates into moneyeshvAvailability is thus a key
performance indicator for substations and grid apens in general.

The reason for the unreliability of disconnect@rshiat they are affected by
surrounding nature. Natural and artificial pollutanan easily affect the unprotected air-
insulated disconnectors. In harsh environment, sgckandy, salty or industrially
polluted areas, the service interval goes downidenrably.

In Pull, however, the disconnecting function wobklencapsulated in the breaker
and is thus not air-exposed. The chamber is filgd SF6 gas encapsulated in a
construction. This equates to lower maintenanceireaents and higher switchgear
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reliability (Jing, Olovsson et al. 2008). In orderintegrate the disconnecting function
into the CB, the electrical withstand would havéite up to the standards for
disconnectors.

Interestingly before the launch of Pull, KEMA, atbhi consultancy, had studied the
feasibility of an open air 150kV substation withaligconnectors, the so called
disconnectorless substation

The idea of omitting conventional separate discotore was not altogether new.
Vattenfall was not the only organization which e idea of somehow omitting the
conventional solution of separate disconnectorsamh side of the breaker.

The KEMA study (Timmerman and Groeman 1998) wadiglid as a
conference paper and by IEEE, so it would withautld be possible for any one
supplier of switchgear equipment to use the idé&. Faper has it outset in the fact that
disconnectors had come to need more maintenaneéhbaircuit breakers. It moves
on to say that eliminating separate disconnectorgddvweduce the investment and
maintenance costs. There are safety issues congeaymiission of disconnectors which
can be mitigated through safety precautions suchmasual blocking of the circuit
breaker and earthing, withstand voltage for CB egjent with those for disconnectors,
and clear CB contact position indication. The omig®f disconnectors would lead to
“great cost savings” due to: the elimination of th&connectors themselves, fewer
foundations, less control equipment, less land, amed the reduction of engineering and
maintenance costs. Wahlstrom, Aoshima et al.(188&)rts the KEMA study to have
found the disconnectorless substation to cost 8% of what a conventional solution
costs over the overall lifetime.

In 1998 Vattenfall published an article with thigetiSimplified Concepts for Future
Substations - Some Case Studies (Norberg, TappérE98) in Cigré, which sets the
basis for Pull. It dealt with how to cope with emorimental limitations while
concurrently pursuing cost-effectiveness improvemieconcluded that reliability and
availability of substations are of key importancehe development of the electrical
infrastructure and prescribed development of sifigoliand more compact substations.
In four out of five case studies some kind of readu¢omission of (separate)
disconnectors is presented.

Areva, a competitor of ABB, also published an #etimn GIS which touched upon
delineating an alike construction but with GIS. flchevas a small paragraph on a Pull
inside the GIS unit. Nothing of this materializeni\rever.

In general, the idea of making a more compact smiwith integrated functions
is not unique. On medium voltage applications tleist many such solutions. A IP
manager said in regard to this that:

“The thought has most likely struck many. Theretiger type of apparatus with

built in disconnecting function. There have exigieatucts that were similar

earlier.”
The competitors would relatively easily know thagre was ongoing development,
early on given the articles published in Cigré #rmastandardization work that
commenced in 2001.

4.2.3 Select—-Push

In February 1999 a committee benchmarked the dlaitdrive concepts within ABB at
the time. The primary value dimension for the cg@®nsidered in the selection
process was lowered cost by reducing the weighinantber of components. It was
decided to create a product based on the bestiideaghe different concepts available.
The choice made was that Push should be based @wédish concept that had been
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patented by ABB CRC in December 1998, and for whiehoriginal invention

registration was made december 12th 1997. Theideaigas to develop the Push
product in Ludvika (at the BU). The German concegs seen as too expensive because
of little use of off the shelf products and heawight. A steering committee was
appointed for the supervision of the new produasIP It consisted of the responsible
program manager, technology managers from ZuridhBarsiness Unit development
managers from switchgear in Italy and Sweden. A gaa set for the product to

capture 90 percent of the market for the intenddthges.

Around the time there were also concepts develégea smaller volume segment
of higher voltages but they were never made intalpects. The reason for this was that
focus was kept on a solution for the volume segrtenbtain scale economies.

The electrical car project power converter initialsed together with a standard
motor in the prototype was replaced with an ABBstancted power converter and a
motor designed in CRC Vasteras and produced iBth&witchgear in Lodi, Italy. The
product development was finished in year 2000. iisite testing was conducted in
Ludvika where suitable testing equipment was albelalhe research was funded
partially through corporate research funds (CHR&#®) partially through Business unit
development funds (CHTET).

424 Select-Pull

ABB had a first shot at going for the idea of intgd disconnectors when discussing
the idea in connection with the joint group for BOOGIS. At that point that idea did
not catch on. ABB in Ludvika was not particulanyerested as seen from Vattenfall.

On first of January 1992 Svenska Kraftnat (SvK) established and old Vattenfall was
split so that Vattenfall Transmission would becddwX and the distribution and
generation capacity would remain in Vattenfall. Rayher voltages, i.e. transmission,
GIS-solutions were considered more cost-effectieereas for distribution levels AIS
were seen as generally more cost-effective.

As Vattenfall changed shape the corporation betwédtenfall and ABB had to
take other forms. The work group for the 800kV @i& thus terminated.

On transmission voltages the primary developmedtiieen targeted towards
GIS-solutions since that was what the corporatimug had set out to work with.
However new Vattenfall (that responsible for distition) had an interest in making a
supplier develop an outdoor AIS primarily. In 199project was started to look at some
of the loose ends from the substation 2010 groufp.aPpeared as one of the things to
continue working on.

The enthusiasm for the product among manufactuassby no means great. Later
it became evident in the fact that none of SienamEAEG were interested in
developing a circuit breaker which integrated tlse@hnector function. These latter
two manufacturers were more interested in othecepts such as the containerized
substation.

Thereatfter, Vattenfall had discussions with then@ar part of ABB. This was still
in the mid-nineties. The Germans would initiallke¢aon the idea to develop a circuit
breaker with higher dielectric withstand that wotutfill the disconnecting standard.
However subsequently, the project was transfewe®BB in Ludvika.

In 1998, an article (Norberg, Tapper et al. 1998% wublished by Cigré
coauthored by four authors from different part¥aftenfall. The article was the
conclusion of a study of how to design a futurekMa regional transmission voltage
in Sweden) substation and tried to take into actthendemands of the customer,
owner, operation and maintenance organizationoaitits, environment and public
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opinion. The article and study draws on the vieiwhe 1996 Cigré paper discussed
earlier.

In this article it is mentioned that Vattenfall Haeen in contact with three
undisclosed possible suppliers and the concepglatiaracterized as having been
“fruitfully discussed with three manufacturers [(miened earlier as having been ABB,
Siemens and AEG)] during four years and realizasdoreseen in the near future”
(Norberg, Tapper et al. 1998, p 3). It can thuskiaterred that the thoughts on Pull
started somewhere in the range between 1994, &ars\pefore the article was
published, and 1998. The article suggests usingpdisectors with integrated
disconnector function since the disconnectorstaebmponent in the substation that
needs the most maintenance, at least in air irgliibstations.

However, what is problematic at this time is thet that a circuit breaker with
disconnecting function does not easily comply wiité current IEC standard for
disconnectors. Therefore, it is suggested in thelathat there is a need for revision of
the standard.

The Vattenfall article states that the: “Developmaisuch a component [circuit
breaker with combined disconnector function] héssgaeconomic advantage.”
(Norberg, Tapper et al. 1998, p. 4). The overagheason is that by reducing the
number of switchgear components the maintenands aos investment can be
expected to go down the authors assert. The discugseconomics was not taken
further at the time. The statement that theregseglsonomic advantage does not take
into account the costs of developing and markedifgll, but merely suggests the value
of the product to a potential customer.

An initial meeting between new Vattenfall and ABBdvika was held probably
in 1997. From Vattenfall’'s perspective it then t@long while before a response was
given. From the side of ABB there was a need toainghly consider this idea.

“I remember there was an idea meeting. People hpmtken about this and X was

an advocator. The initial discussion touched mugbrusafety aspects. Could it be

guaranteed to 100% that it functioned as a discoto®@ It takes time to digest

that the safety will be upheld as one did not rexog the apparatus. Even if one

took to the paragraphs for disconnectors that wawt suffice.”

(ABB Manager)

In the meeting minutes of a strategy meeting iroB@et 1997, one point on the agenda
is the question of whether a CB that suffices tiseahnector function shall be
developed. This meeting has the purpose of sdbtisghness goals for 1998. It is
established that a goal for 98 is to in detail gtilne application of a CB with DS
functionality. Yet, in a meeting held only threeyddater a staff member has discussed
a potential Pull with an ABB Substation unit membairthermore, an idea of how a
Pull could technically be designed is discusseelaly. From the protocol it seems that
those in charge have possibly already made upitiiad on developing Pull.

In a meeting of January 1998 it appears to be menain, as it decided that
(theoretical) availability studies are to be cortéddor a Pull solution.

4.2.5 Implementation — Push

The implementation phase that took over after éhecsion of the Push concept in 1999
followed a somewhat structured model with gatessaadring committee meetings. It
did not however follow today’s strict stage-gatedmlowvhich was implemented in 2007.
After the concept selection was completed and & @ecided that the Swedish
concept should be developed, it was also decidsdtthould be fitted to the Ludvika-
produced LTB 145 breaker as well as to the ItaR&$sS MO. The two initial trial
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installations by Birka Nat in Sweden and Enel alyitare quite different customers,
although both frequently buy ABB equipment. BirkatNvas a small utility, while Enel
is Italy’s largest energy producer. They were hitbsen on the basis of personal
contacts to ABB, and not on strategic plans togkoginion leaders on the market,
although this is probably the case with Enel.

4.2.5.1Execute — taking the concept to product in Ludvikaugh Push

Figure 23 shows an overview of the developmentushiPdescribed underneath.
dec 97
VP: simpler drive mechanism

to reduce cost and failures
2000-07-23

First Push PASS Pilot installed in Italy

2006-12-07

2002-01-01 - 2002-11-27 VP: "Push-for a more silent HV breaker”
Pargllell Push 1.3 concepts SE&IT
dgc 97 - feb 99
Push concept|development SE,IT,PE apr 03 -dec 04

1995-02-18

Push 1.3 development
Programme manager directive

feb 99 - dec|00

"reconsider magnetic drives”|  push product deyelopment

ec 00 - jun 04 Toda

ush 1.1 and 1.2 markgted and sol d

A
| | Al
T T T T T T
1 1
v L I 2 R X
1995-01-01 2009-11-30

Figure 23 — Push Development Timeline based on ABBath

The steering committee (STECO) for drives deciated i
June 1999 to move on to field prototypes for the
rotating motor solution for LTB145D and PASS MO.

These field prototypes should be installed at the

selected customers’ sites during the year 2000.

In December 2000, the first two pilot installatior’gs ”
were running in ltaly and Sweden and Push was abaigit.
to go into series production. The first Swedish R
prototype is shown in Figure 22. The purpose was
clearly to launch a product that was superior ist co
and added some functionality. The product
specification states that:

“The operating device technology of today use?Figulre 22_ o rial‘ .

several diﬁerent O_perating pl’ilj\Cip'e_S, fOI’_ installation Nov 15" 2000. Application:
example spring drive, hydraulic spring drive antzzkv line/transformer protection.
magnetic drive. The use of the new servo moto|from internal ABB PowerPoint
technology gives the opportunity to create a  Presentation)
common basic technology with lower cost and
new additional features for all breakergFrom background 2000-12-18)

As of 2009, there are two more documents requoedrt an implementation, in
addition to the above mentioned Product SpecificatPRS). The System Requirement
Specification, which maps out requirements on tfstesn and adaptations needed to
facilitate the new product and the Market Requinen&pecification (MRS), which
gives a thorough picture of the market potentiatii@ product, including market size
and profitability. For the time of Push developmbkatvever, there was no systematic
approach to evaluating its market potential. Ondvika manager explains in written
correspondence:
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“At the time (2000-2002) the marketing requiremedmds a less formal structure
than what we try to do today and focus was mortherformal System and
Product req specs (SRS, PRS), however these drly béghnical documents,
wigth not a great deal of market related datésic)

Making Push into a product meant fitting the densaoidcustomers and the demands of
applicable standards. There are still as of todagpecial standards for drive
mechanisms as standalone units, but Push wasdstasltfor the IEC 60694/60255
standard on electromagnetic compatibility (EMC) #mel IEC 62271 standard on
temperature and breaking capability. All standgreisaining to push are shown in the
table.

IEC 60056 (1987) High Voltage alternating curreintuit
breakers specifications.

The new proposal for IEC 56 should also
be considered.

IEC 60694 (1996) Common specification for high-agk
switchgear and controlgear standards.

IEC 60529 (1989-11) Degrees of protection proditdeg
enclosures.

IEC 68-2-11 Salt mist test

IEC 60255-5 Insulation tests for electrical relays.

IEC 60255-11 Interruption to and alternating conmgan

in D.C. auxiliary energizing quantity of
measuring relays.

EN 61 000 Electromagnetic compatibility.

EN 50 081-2 Electromagnetic compatibility, Generic
emission standard.

EN 50 082-2 Electromagnetic compatibility, Generic
immunity standard.

EN 50 178 Electronic equipment for use in power
installations.

IEC 60068 Environmental testing.

Table 4 — all standards related to Push

There was also a 10 000 mechanical operationsdeséd out in the Ludvika facilities
to prove mechanical endurance. Even though there standard for Push, there is a
Cigré paper from the 2002 session citing test tesul EMC, mechanical endurance,
temperature maneuverability and making and brealdrublished Cigré paper adds to
the credibility of the technology. One project mgeialed the Push project through
concept development in Ludvika. Another assumeplarsibility in year 1999 when the
product implementation project took over. In 20@B2 the Switchgear BU in Lodi
cooperated with Ludvika to develop the specificadifor the final product version
through a series of workshops. In 2001 as thepistotypes were installed and an
updated cost picture showed that Push would nohlggar with the spring drive,
marketing began to focus on low noise levels, |table power requirements and
reliability (without actual figures but built on @mgumentation of fewer moving parts).
There was still an outspoken goal that Push sheatidfy the needs of 90% of the drive
mechanism market. It had however become cleathkatost targets would not be met
at the moment, and the first known marketing matehiaft from August 2000 instead
states the following advantages as cost reductiemats continue:

) One (1) moving part

37



Direct, inherent control of contact travel

No dampers

Less maintenance

Totally modular design — future proof

Low power consumption

Functionality beyond conventional drives
Software controlled — easy to change for spec@lirements
Monitoring included

Low noise

Self compensating for ageing, temperature, etc
Build-in watch-dog system

Push versions 1.1 and 1.2 saw a few successfulipdtallations, but the price was too
high to meet the market requirements. Thereforneag decided to develop another, cost
reduced version of Push called 1.3. Interest ferRbsh concept was high, and both the
Swedish and the Italian BUs that had developedeaqsdor the original Push now
began to develop new concepts for a cost reduasibwel.3. After the second steering
committee meeting in November 2001, three goalewet for the development group.
They were:

1. Robust Design

2. Product cost [X]% lower than [Y] with possibilitg teduce it [Z]%
further.

3. Passing gate 5 in August 2002

There were two versions developed in parallel,iarieodi and one in Ludvika. On
2002-11-27 the steering committee decided to supperSwedish design. The two
BUs in cooperation should make a product of thsgle A special committee
developed System Requirement Specifications (SR&Paoduct Requirement
Specifications (PRS) for Push 1.3. There was alglaiket Requirement Specification
(MRS) developed. However, there was no pre-studgasibility studies carried out,
because as one Pushl.3 development document teagisvere done in MD1.2”".

4.2 .5.2Launch

Before Push went into series production, it wasqgiype tested in Ludvika’s high
voltage lab. In addition to this, there were a feadd installations as shown in Table 5 —
Push pilot installations.

Date Application Location

July 20th 2000 145kVv PASS MO ENEL, Florence, Italy

November 15th 2000LTB145D BirkaNat, Adalen,
Sweden

November 2001 PowerLink, Australia

Table 5 — Push pilot installations

ENEL in Italy got the very first pilot Push, fitted a PASS MO unit on July 20th 2000.
BirkaNat in Adalen got the first, then confidentiSvedish, LTB145D pilot installation
on November 15th 2000. The first three-pole opérasgacitor bank LTB with

controlled switching was installed in Sweden indbetr 2001. Yet another single pole
pilot installation was done with Powerlink Austealn November 2001. Sydkraft (now
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E.ON) got some of the first pilot installationsRiish. These three breakers are in place
in Norrland and are still operating. Pushl1.2 way sémilar to Pushl.1 and was sold
2002-2004 and thus overlapped with Pushl.3 to sdtent.

The total price to the customer of a circuit breadguipped with Push is about
X% higher than if it is equipped with a spring d@rivi he Italian switchgear business
unit has with some success marketed Push soldR#8S MO installations to special
applications, such as German railways where theg helative advantages because of
odd frequencies. Popular applications where Puslseton functionality are Capacitor
banks and Wind Power.

A special marketing effort was conducted 2001 tghoR007 by a person, who
travelled 41 countries with a breaker-fitted caragad trailer. The caravan with trailer
weighed a total of 6-6% tons and journeyed a digtagualing in total four times
around the world.

At the 2002 Cigré session, a group of ABB employ@esented a paper called
“Push with Electronic Control for HVAC Circuit-Br&ars” (Bosma, Thomas et al.
2002). The paper pointed out that the existingwaiaiely represented pneumatic,
hydraulic and spring drive units have been arowmcflong time, but still, even though
containing advanced mechanical mechanisms, onfgneithe function of opening and
closing the breaker. In addition, the paper pdinthe fact that from a statistical point
of view, most major and minor failures originatele operating mechanism. As an
alternative to these inferior mechanisms, the paperduces Push with its new features
and proven capability.

4.2.6 Implementation — Pull

In the phase when it was decided that other patietill customers (than Vattenfall)
ought to be contacted matters could have changenrs of the value proposition. At
this stage when other potential customers wereoagped there must have been some
considerations on how to make SvK and VB Energ (hstomers mentioned in a
meeting protocol) interested. It has not been faimatl a more extensive value
proposition was created due to this. The perforraamprovements were considered as
being implicitly understood by those two potentidbpters.

As for VB Energi it is clear that the approach wasbably handled on an
informal personal contact level. VB Energi is wallown as a willing adopter of new
substation equipment, nothing strange given itsesiess and connections to Ludvika.

For SvK it is likely so that it was slightly diffent in terms of how the contact and
selling of this new product was done. SvK, as adlly state owned national grid
operator, knows that it has many eyes directets @ctions.

4.2.6.1Development Execution

In November 1998, in a meeting protocol it seenesdiavelopment of Pull is well under
way. The product concept has now been baptized @aahbin order for the concept to
be legitimate in front of the customers, rigoroesting is required to guarantee
disconnecting data for the breaker. It is asked@w it can be proven that Pull will
function over its entire service interval. Two pospls of solutions to this are brought
forward. The conclusion is that: “we need to thin&re about this before launching the
concept”.

In February 1999, a meeting was held where Els&ksvbrket (the Swedish
National Electrical Safety Board) attended with fpaysons and Vattenfall with three.
Elsakerhetsverket was an important institutiongpraach due to the fact that the new
substation design would need approval. Vattenfal wostly there as a supporter and
to see how far the construction had gotten withejygaratus. Elsdkerhetsverket is
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mainly concerned with when it is safe to work oa substation and questions about
when it is disconnected and earthed. The meetsedf ihad a more discussion like
character.

Yet, there was later a formal request of approgat followed by a formal letter
of approval received thereafter as one managelise€ais was, however preceded, by
uncertainty. Elsdkerhetsverket's general statemastfirst something in along the line
of since there no norm for Pull, it is not in owsiness to get involved. Creating a new
international norm was however something that waealke much longer (more about
later on). A manager recalls that he wrote sevettdrs to Elsékerhetsverket before it
was persuaded. After all, how could a product beetkif there was norm to test it
against?

Vattenfall knew exactly what it wanted in termsRafil’s function in the substation. The
technical demands in detail had however not beeungit out. The blocking system
would be needed to be worked out. The idea waagare that the breaker contact
would be mechanically blocked. Vattenfall had ale/ayewed the apparatus as a system
component (apart from a single component) all ittne tOne project leader recalls that
the objective given to him was:

“The criteria | got was to make a secure blockingamanism. The challenge for
me was to make a good such function. The firstudesato simply put a stick into
the breaker.”

The project was considered more as an order catisinuthan a proper new product
development (NPD). With small technical adjustmentghole new apparatus would be
created. The breaking technique or flows wouldb®thanged. It was seen as an easy
modification of the existing product.

“It was not like a project today, where you haverae plan and so on. We didn’t
have something like that. We had more of the amtrdlaat we developed
something and discussed with [the manager], Eldéisverket and Vattenfall.
Thereafter we got some feedback and adjusted aicgyd We then showed
again and asked does this suffice.”

It turned out that the blocking would not be asyesputting a stick through. In an
internal meeting in April of 99, the business undnager is part of the meeting and so
is the head of the construction unit plus the twao mppointed project leaders. The
project had now been divided into two, one for &M Pull and one for a 420kV Pull.
The 145kV builds on the conventional LTB breaked #re 420kV is based on the
conventional HPL breaker.

This was a technical meeting concerning constroaesign. Tests were being
conducted. It is part of showing for the custonmat the product makes sense. Two
persons are reported to look at where Pull cotildest in. One of them comments in an
interview to where the product would fit in:

“We’'re used to making component products. Discugtie substation design
was not something that we were used to. What sfflees the product have on
the substation? How do we make it fit into the satimn?”

These two people are also given the responsildditgok at what (economic) savings

that can be accomplished when using Pull. A proomali brochure is to be created. It is
noticed that it is to contain general system fuorality rather than the details of the
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construction. The reason for this is to stop thapetitors from immediately copying
the concept.

The protocol expresses that tests have been raessfally. The time plan
decided in the previous meeting is followed. Theran idea for how a test that verifies
that ageing properties conform to desired spetifina should be conducted. Trials
with either Vattenfall or VB Energi (now part ofevattenfall group) are to be run as
soon as possible. Preferably these plans can baesdisd in June of 1999. The contact
with VB Energi has not yet been initiated. Likewisshall be discussed about whether
Svenska Kraftnat (old Vattenfall transmission) &wverlink (in Australia) are suitable
trial customers.

At first the project was much seen as an order @olopather than a fundamental new
product development. Therefore the project wasasdtructured as a typical new
product development, one of the project leadersressAnother development team
member on the other hand says that: The projeeteshthe formal approval process
with time plan and a budget. What existed at the tivas less structured than the
current stage-gate model (ABB's is based on Coop&fpre the introduction of the
stage-gate model there was an “instruction”. Thetressential part of it was the budget
and it was followed. The market introduction, eonimental aspects and such matters
were more fuzzily expressed earlier.

Besides, since there was a customer in Vatterifalas viewed as being relatively
simple in terms of what could be expected of theketa\When a customer asks for the
modification of a current product that does notaemage the same type of rigorous
procedure of defining a value proposition and akeiaas for what is perceived as a
completely new product.

“In the first place, a product was made for Vat@hflt was first later that global
customers were more thought of. We did think homtbeeg this something good
enough to sell globally”

There was thus no systematic collection of neewls other customers, domestic or
international. Instead the mode of taking into actanarket requirements was dealt
with in the following manner:

“One listened around a bit. It is hard to talk aldb@iproduct that doesn’t exist.
You don’t wanna talk too much if it isn’t neededstone wants to do one’s
homework before presenting something. The absglutetst thing you can do is
to go out on the market and talk about somethiagjign’t developed. My
conception was that the demands from Vattenfalln@ason good if enough to
get started.”

There was an uncertainty in whether this produatdcbe sold outside Sweden.
Nevertheless, that was to be worked on as timeegdsg The group was aware that it
would take time before sales volumes would go ugninternational market As there
was an agreement on that this is a good idea inhwhe believe in, it was natural to say
let’'s go with it without having conducted a thorbugarket analysis. On the direct
question of whether Vattenfall’'s demand were seear@ugh justification of making
this a globally successfully product. The reply wdsesitant: “yes, that was probably
the case”. With reservation that Vattenfall primhawanted the 145kV and 420kV.
Changing the voltage is however more of the sanmg tthus not a big alteration.

In response to the question of the perception of well the product would work
on the market the response given by a long-timer is
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“We have probably throughout times been more ogtimthan what has been
achieved. We have throughout the journey thoughw, we got this product let us
guess on the market, this and that. We have madigebaisaying that we will sell
for x millions this year. We have actually nevetcaeded, it has always taken
longer.”

The advantages of Pull were clearly understood fiteernvery beginning. There have
been only small changes in the product since tgehang. As with all products there
has been a continued effort to lower productions;asg. by replacing certain
components. Apart from this, due to customer retgubgre have been little
adjustments made. One adoption has been madd theueeds of SvK, allowing
testing of breakers in service.

In an article co-authored between Sélver and Olmvss al (2000) at ABB with
staff at Svenska Kraftnat, Vattenfall and STRI tentafter some of the initial
development had taken place, it becomes evidenhtbhl availability is one major
benefit to substations that make use of Pulls (faerthe first time mentioned as Pull in
a journal article). The study compares the coneeali solution of having separate
disconnectors with that of the combined functio®ull. In all cases the new solution
shows significantly higher availability levels thior the conventional solution. Also,
the authors note that with the combination of tleabd DS function, the number of
HV apparatus in the substation decreases. Thaaisbl come to mean that less total
space is required for the same functionality. lsgssce required is something that
customers can benefit from since space is oftdnatesl.

With the publication of this Cigré report otherargsted parties would definitely
get informed of the development efforts at ABB. Tasponse was however not
overwhelming. In fact one of the authors commemas$ hormally one does not receive
much attention after having written such a repbine normal procedure and utilization
is instead that ABB takes the report to customadslat them see it and say look at this.
When asked whether customers read these repdreckodevelopment the answer is:

“l think that maybe they read these report a litded maybe discuss. Going as
far as contacting the manufacturer with interesesloot happen. The
manufacturer has to push the product.”

4.2.6.2Launching the product

One of the project leaders expresses the expewsatidaunch as having been:

“The expectation was that this would be a prodbet twvould shock the market.
Already during the prototype stage the product wasented. Market people got
engaged already before the product was fully depeddo They started considering
what applications it can be used for.”

The Substation business unit (part of the Powete8yslivision) developed a concept in
which Pull would be the standard. The idea froms$ation was to sell a standardized
package. Normally substation applications tendetaustom made to fit the needs of
each customer. This concept was meant to be stimddrand very cost-efficient. Pull
had been presented to substations before it wiysdeveloped, since it was understood
that it would make sense to sell it as part ofsiesy rather than as an independent
component product. It was recognized that sellinky & part of a system would make
the most sense.
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“That has been easy the entire time [developing selting new component
products]. If one comes to speak about a new priotthat nobody recognizes it is
a whole different things. One is talking about Howehange the application and
the design of the entire substation. Suddenly nesgtgpns arises that we are not
used to. All such aspects were not covered intiall

No one wants to be the first to try an unproverdpo in the utility industry. Swedish
utilities, nevertheless, have traditionally beetlimg to test new technology. In
particular old Vattenfall has been good at tryiaghnology early. Swedish references
are often internationally well-renown (followinghéstory of co-developments with
ASEA). However, to say that foreign customers afeifd is too harsh. What can be
said is that they have partly different philosoghaad follow other tracks. Using
Vattenfall as reference customer works well big itot enough to sell the product.

Yet, in the case of Vattenfall it was not an aby#&ransfer to make use of Pull.
The operations units within Vattenfall had a lasgg and as they were against the
product, so it was not an easy transition to maleeaf Pull. With the conventional
solution with separate DS it is very clear for @iems staff to see the physical gap,
which is not the case for Pull where the gap iy amide the breaker chamber.
Although Vattenfall had conceived the idea to makeull it was not easy to win
acceptance within the company. It must be notetthigasubstation 2010 was initiated
by the R&D department at Vattenfall. Nonetheletsy people from the operations
units were present and were positive towards tba af Pull. Vattenfall was, according
to an employee much involved in Pull process, podollowing through with ideas that
had been conceived.

It turned out Vattenfall would not be the first twmer. An ABB manager
involved in the project reported:

“The first idea was that of Vattenfall. Later ordied out a bit with Vattenfall. We
also started talks with SvK. At first they were patticularly interested but after
a month or two they came back with greater interélsé reason for this was that
SvK was to refurbish a whole deal. There were s@a¢ively progressive people
involved who understood what it meant to able tin&rsubstations.”

As Pull was accepted by Elsékerhetsverket, Svelkekfinat bought their first four
Pulls, designed for 245kV. Those were installethanUntra substation. This whole
substation was designed with much new technologgldped by ABB. An initiated
person at SvK explains the whereabouts for thed substation:

“When we [SvK] came in contact with this [Pull] vilad the plan to make a test
substation with one of our most important substabailders. The results of these
discussions were that in our substation in Untqa oy the Dalélven, We decided
to test a number of technical ideas. Pull was dnhese.[...] We had become
mature to test out some new technologies in a atibstthat was not essential for
the main transmission grid. Untra was chosen fag gurpose and since it needed
renewal [...] The purpose was to test new technoiodyll scale. That could
come to benefit us in our business in the long term

The decision taken by SvK to try these breakersnudking to do with the work done

in the Substation 2010 group in old Vattenfall. Sgka state owned company and due
to this, it has to follow the public procurement. athere are, however, opportunities to
steer the purchasing in the direction of testirftetent new technologies (that can only
be offered only by one supplier) without relinquighfrom the public procurement act.
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The old bonds that previously existed have howepiagred out their role. SvK
today is as likely to cooperate with Siemens ab WiBB.

Later on the Hemsjo substation was the first magaewal project (in a long line
of many such renewals) where Pull was being employke Hemsjo substation was
completely rebuilt during 2002-2003. It was thegkst order of transmission level
voltage Pulls at that time with 13 420kV Pulls atidl continues to be one of the largest
orders for transmission Pulls. The reason for iding the station was to increase
reliability in southern Sweden (it is located ireBinge county). It was thought that
could the number of components decrease, relipbiituld increase. The basis for the
argumentation to use Pull draws on the assumptidorgy maintenance free intervals.
The product is not considered as new but as a matidn of the original HPL-breaker.

This substation also incorporates a 130kV part anared operated by E.ON.
which was rehabilitated and refitted with LTB Pulis addition to the general statement
of higher reliability and availability, it is exiitly stated that studies conducted by
Svenska Kraftnat have shown that when replacingdmeentional DS + CB solution
with Pull the expected outage rate goes down andemguently the availability of the
substation is improved. SvK describes the substaoewal in the following way:

“The main advantage of Pull compared to a converdldreaker is that the
electrical contacts are enclosed [...], thereby potéel from [...] ambient
conditions [...]. [...] provides improved reliabilitynal prolonged intervals
between [...] maintenance [...].”

“The new switchgear is an improvement from a sgbeint of view, since
maintenance personnel will spend less time in tststion.”

In SvK’s calculation, the cost of interruptiongigantified and that steers in what order
investments are made. Expected availability is daseCigré, Nordel and own statistics
for HPL breakers. Having observed that the faifeeguency of the new spring-drive
(from 1994) is much lower than for the predecessarcrucial criterion in deciding for
Pull. Without a reliability improvement in the spgi drive, using Pulls as is done today
would likely not come into question.

As for investment cost, SvK notices the saved la@ed as a cost reduction
advantage. In addition, less steel and concreteaded when the separate
disconnectors are not needed.

The way the purchasing is handled is that SvK $igsaivhat it wants (Pulls) and
places an ad in the relevant EU publication askingjuotations. In the case of Hemsj6
there was only one offer made, that from ABB (oABB could supply Pull). From a
legal perspective this is not a problem, accortin§vK. Everyone who sees the ad has
the chance to submit an offer.

When Vattenfall first bought their Pulls, it hadsted on higher voltages already.
Vattenfall purchased their first in year 2000 foe KKolsva sustation.

In 2001, Vattenfall had an article (Svensson, Letrdl. 2001) published by IEEE.
The title "Cost saving and reliability improvemdat using innovative technique for
refurbishment of a substation” speaks well of whatadvantages Vattenfall saw in Pull
were. In addition, it concludes that Pull was tadbastically better in regard to power
flow and that maintenance and space would be halathermore, expected
availability is higher.

SvK, it seems, is the only company who has takerd#ctision to go with Pull
over the full line. Other customers seem to bartgshe product before doing a full roll
out. It is in this context noticeable that SvK does significantly differ from other
customers in any particular sense. It does fit vimtdl their systems though. With regard
to acceptance among Swedish utilities is import@aupoint out that the large break-
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downs in Sweden due to disconnectors have congaliat spurring the interest for a
solution without open-air disconnectors (see Apjperithe power outage in 2003).

4.2.7 Sustaining business - Push

The market had gained some awareness of Pushladtpilot installations, the presence
at power equipment fairs, and other contemporamketiag efforts. To build sustain
business a number of cost reduction initiativesewaunnched in order to pursue the cost
leadership envisioned to lead to market succesgrigethe new product generations
called Push 1.3 and Push 1.4, a 2006 report cdlledcepts for low cost [Pushs] for

HV circuit breakers”, the following statement is aea

“The general conclusions of this report is thatriés a potential to reduce the
cost of Push Unit for High Voltage Circuit Breakdxg more than X% if a
combination of the proposed options are used.’r{ffrBummary)

Another report from April 2005 called “Push 1.3 €oeduction brainstorm results”
states that the contemporary Push 1.3 solutidhastiolumes of Y units per year
would have X% higher production cost than the gpdnve. The report briefly
mentions functionality aspects within the scopsystem optimization in the longer
time perspective, but the focus is on cost reduastio

“[The report] presents more than 60 proposals (geted in a brainstorm
meeting) to reduce the cost of Push with a 145rk¥ker, ranging from small but
significant modifications in the different modulgsto long-term proposals that
affect more than just the breaker.” (from Summary)

Clearly, development focus beyond the original emtdor Push has been on cost
reductions. An early projection for the currenttaesluction program is shown in
Figure 24 — Original cost projections for the neus® 1.4 compared with other drive
alternatives. Relatively little effort has been mad develop new functionality or
improve existing functionality. (The graph legerakipurposely been left out for
confidentially reasons.)

Push saw a relatively slow sales start, but pieked 2004 and 2005 when sold
units grew with a factor of two to three. About death of the customers that have
installed a Push equipped circuit breaker sincekatdaunch have returned as Push
customers.

.
= = m

BLK SPO | BLK TPO | Push1.3SSPQ  Push1.3S TPO hP4s

45



| | | “full” vol. [ “full” vol. [SPO=TPO “full” |
Figure 24 — Original cost projections for the new Bsh 1.4 compared with other drive alternatives. Nurbers
and legend have been removed for confidentially rsans.

From the ABB perspective the picture is that Pughnet sell in significant volumes
unless the price offered to customers goes down.

“For the main market, the only competition is ongerfor the final product. The
functionality is hygiene. The basic requirementgfives didn’t change during
Push development. What happened was that the domvaindrive cost came
down. Cost of Push went up because it was morelcatsal [...]"

(ABB Manager)

“The goal from the beginning was to achieve a loa@st with Push than with the
spring drive. The lower noise level was a sidecetteat became a sales argument
later on.”

(Manager)

Beyond price, a few other reasons are cited by AB# for customer skepticism:

“There are many conservative customers”

“There are no competitors with comparable products”

“Push doesn’t work as a spare part; the whole begakiust be changed”
“There is a technology shift from mechanics to &tatcs — the interface is too
advanced for the customer’s staff to understanditinely”

“Electronics age even if they aren’t used.”

Clearly the cost issue has been the dominant &oisg’s development path. Push in
the current generation (Push 1.3) will accordindifterent sources not be radically
cheaper to manufacture even if the volumes cante apginal target volumes. The
spring drive has come down in cost with a two-dogitcentage since the late 90’s due
to better logistics and cheaper manufacturinghatgame time there is a struggle with
conservatism in the industry, looking for proveaheology with demonstrated
reliability.

For Push there have been multiple reports, fullpatially focused on cost
reductions written at ABB. Two are notable at ABBr@orate Research: “Proposal for
future activities and investigations in Push propgcSECRC” (RM-99/119E) in 1999
and “Push 1.3 Cost Reduction Brainstorm Result&®-2D05/070 9ADB00293-001) in
2005. On the same topic the report “Developmerdsder Push” (PP/H/HV/BT/R 06-
059) was written in Ludvika in 2006.

Another report, dated December 10th 2004 brietiyest that the product was
commercially launched in 2003, that it was basetechnology from an electric car
concept and that the current customer values are:

= Higher reliability
= Less maintenance
= Possibility for condition monitoring by micromotion

The second report, dated January 25th 2005 retpattshe initial sales forecast had
been sales of X MUSD per year , while actual sele2004 had been Y units
(corresponding to a sales volume below a tentfrigfrally planned).

46



4.2.8 Sustaining business - Pull

“Over the years all types of marketing has beetetDifferent segments and so
on. All customers more or less have been approachetdsome people still don’t
know it [Pull]. There is not one marketing stratepat has been employed for ten
years. The reason it has been mainly sold in Sceavih is not due to an intended
strategy. However, what is clear is that it hasideést in systems where it fits in
well”

In general much resources and efforts have beenated towards marketing and
selling of Pull, much more than its relative shafreales would motivate. It is clear that
the product faces stiff competition. There are matier solutions to choose from that
fulfill the same needs; GIS, Hybrid, and AIS sabuis of other kinds. Pull does thus not
only compete in the market but also internally wather possible solutions.

Figure2s below shows some of ABB’s solutions.

In South Africa for example all these four unite anarketed together as solutions
to space constrained substations situations. Hawewmy Pull is offered on
transmission level voltages. The Front End Salpe#jly offers the solution which best
fit to the demands of the customers. Thus, if esgaps are important the withdrawable
CB or Compass will be offered instead.

= oy
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Figure 25-; from the left: Pull, the PASS, the Comass and the withdrawable circuit breaker (ABB Reviey

Pull is not the best in every case. Under certaimdtion it is not necessarily. As a
marketing manager puts it: “At least in over 90%laf cases there should be a good
business case for Pull”. This statement is lateisesl by the same manager to instead
be in the majority of cases. It is clear that litdepends on what parameters are put into
a life cycle cost analysis and how they are valgainst each others.

During the launch of the Pull project there wasswmuch of a systematic
approach to marketing efforts (as presented eanlitre launch subsection). This
changed when a system group was established taatoaplications. This group was
established in 2001 to introduce new products wigih potential. The group had the
responsibility for Pull marketing and sales. It ligdown profitability goals and budget.
The group existed for about two years in 2001-2002.

Before this group looked at the market there wayg litle in terms of what could
be expected from the market. The group startegdtuate what volumes the product
could be expected to sell, a market perspectivefarasd upon it. The product could
however not stand on its own legs and the groupoeasequently removed. The logic
of this group was that it would be able to profieaby itself, by reaching volumes large
enough to sustain its business.

Moving down the road, Pull hit another obstacle mwttee product lost support
around 2002-2004 for reasons of risks for creegagents and litigation due to that.
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Some redesigns were made and the product lateveeogreater support to be sold
from the corporate headquarters.

When it comes to education of customers abouttReie have been many seminars
over time. This has come in the form of open edanand also special Pull events,
Nordic user seminar, where all or many customersravited. Customers are often
themselves invited to hold presentations on how pezceive the product. From an
ABB marketing perspective, “The best thing that bappen is when two customers
speak with each others.” In particular SvK has keestrong advocator of the product. A
company representative explains the rationale loethiat in the following manner:

"We don’t want to be the only ones to use Pullthat case, we know that if the
market doesn’t get bigger, than the one we gowweadgn, then the product will
disappear. We therefore would like this to becomstaadard product
internationally. So that Pulls are developed andtst more manufactures
construct and sell them, so that there is competitin the market.”

The power of SvK as a leader domestically and mationally is expressed by several
other ABB customers. One customer representataesithe following conclusion:

“With SvK being as respected as it is among natigmial operators, others will
likely follow, including other manufacturers. Thayderstand that this will come.
It is only a matter of time.”

These types of educational seminars are appredat@aformation reasons, several
customers say. However, they do not help in edngdkie operations staff, which is
asked for. An important aspect in gaining trustRatl is to show maintenance
personnel that it is an easy apparatus to work on.

Competing product have been introduced with th@dhiction of a 145 kV by Areva in
2006 and a 420 kV by Siemens in 2008. These preduste however not been
introduced globally.

In 2005 a milestone was reached in the standarodiizatork. ABB managed to
push through an IEC standard (62171-108) in Oct@béb for Pull. Standardization is
an aspect important to take into account in thesig when it comes to new products.

When the product development started it was arpokesn demand that the
standardization aspect should be fulfilled. The &@ms are very important in the
industry. The testing program stipulated by IECPRails was principally the same as
ABB had developed, i.e. ABB’s ideas were accepidéadt is why the product that was
initially developed is still in principal the saras the present product today. The
electrical dimensioning is still the same todaytagas in the beginning.

In general it is crucial that the electrical withrsdl is not compromised over time.
This should also hold true even though it has ladfatted by tear over the years. A
testing protocol to show that would be the case des®loped.

In March 2007 Pull received the Svensk§
Kraftnat environmental prize. A
comment from an ABB employee was:

"It is very good that attention is
paid to the environmental
advantages of Pull in this way.
We focused on availability and safety in the .
Figure 26 — Article in SvK’s Natkontakt

48



development work by decreasing the number of coemienBut the fact that it
has also contributed positively to the environmeith fewer energy losses and
CO2 emissions is a bonus."

Utilities and industries using an ABB Pull instezfcseparate conventional technologies
in substations can cut CO2 emissions by more tB@rnté@ns over the product's lifetime
(ABB Annual report 2006).

Pull saves steel and concrete, demands less spdckeeareases the power losses
thanks to higher reliability. In 2007 a life cy@aalysis according to ISO 14040:2006
was conducted at Corporate Research in Vastenasslfound that the operation phase,
after installation, dominates the environmentalactpof the breaker.

To sum up the Pull business after launch, althaughy strategies have been
pursued over the years, the initial value propositias remained almost unchanged.
The only major change is that environmental argumkave been brought forward.
The primary reason for development was presumedowve reliability and that has
been also the primary argument put forward in @lee proposition. Other advantages
understood in the initial development have alsalgget of the value proposition
throughout the years since launch.

4.2.8.1Slow diffusion of the product in the market

The product is 100% substitutable in both direditor new and refurbished
substations, a marketing manager asserts. Possitslg minor changes must be
undertaken to make Pull fit.

The grand problem is, according to ABB staff, ttiastomers do not understand
the product. For that, it requires system undedstanof the substation. Pull is 100%
substitutable in most situations but most custordersot understand it that way.
However, to what degree a Pull is a full substifotea breaker and adjacent
disconnectors is perceived differently dependinghantraditions that the customer has.
A person who has been involved in marketing says:

“One can ponder over the fact that there is nouath of potential customers
that show interest thinking that it is a great id&ad something that they want.
Instead it has been so that ABB has promoted théyat heavily, stacking all the
advantages on each other. The customer typicaflgards with thanks for the
information, we will think about it.”

ABB thinks that it is a relatively easy task to stitute the CB and two DSs with a Pull,
but the customers do not. The customer draws onhistory and tradition of
substation design. Each country has built its owtohy with norms and laws. In
addition, routines and procedures follow with that.

Maintenance personnel have been trained on thesotional solution and
therefore it is difficult to switch. This is espalty true given that during last 50 years or
so there have not been much change when it confesm@Bs are maintained. A
major hindrance has been that customer maintenarsennel do not know how to
precede with the new solutions. Each utility tetalave its own procedure for how
clearance for working is granted. This instructimmtains how disconnecting and
earthing is accomplished. In most of the worlditytitompanies have their own
operations and maintenance personnel. This groofes a strong stakeholder in the
procurement decision-making.

The problem with this is the following, as a uilihanager reports: A reason for
slow adoption is that the way of thinking has neireged except for in the Nordic
countries plus parts of Australia. In many casadition is hard to change and when the
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law and or policy foster a maintaining of status gjuings do not get easier. The root of
the problem for operations staff is likely the #iref losing their own job. Policies and
laws are a legitimate way of obstructing the adopti

A problem around this would be to approach the etrvee board in utilities. They ought
to see the economic benefit and stand above therityiinterest of maintenance
personnel. However, that might not work nowadagsesthese people are finance
people from the banking world, as this represeveeatees it.

“They understand the difference between asphaltdend entrance, but not
much more. And that's when it gets... [like this].[THe reason that [Pull] has
not succeeded [outside the Nordic countries] ig tha maintenance mafia say we
don’t accept it. And they get the last word, thét'&€xcept for Australia, New
Zealand, and Chile, most utilities tend to havertbe/n people, and that makes it
a whole lot harder to get the discussion [aboutdldgantages of Pull].
“Scandinavia, in this with outsourcing, there weravéhe first in the world. And it
is not that we are smarter but we were the firggebinto an administration
mode. When the expansion levels out, [the cous|lieady electrified. That's
when you understand [...] what we are doing. We oometito expand despite the
fact that consumption isn’t increasing. That's wiyen start trying to get a better
grip of it. [...] They [continental Europe] haven’ode this outsourcing thing.
Where we got two lines, the Germans have 4-5iqus¢ sure.”

An ABB manager says:

“The resistance depends much on the fact that reaarice doesn't like the
product. Eighty percent of their work consists oim@djng the disconnectors.
Sometimes the maintenance organizations are se gy in principle make new
work for themselves, whether needed or not. [...$ Tbst is however negligible
in comparison with the cost for non-delivery [oé@tic energy].”

A large customer of Pulls in Sweden has been VileWattenfall has within the
company tried to introduce Pull to the German miadkéas been hard for Swedish
Vattenfall to persuade the German engineers othanges. Here are the learning and
analysis of how to overcome this problem as expeby one Vattenfall manager.

“It is almost impossible to force upon someone $utlhas to come from the
bottom, people realizing that there is potentialtiaving the product. The way to
get around this with conservatism is to let peaphdize the potential. Vattenfall
has tried to send down high manager to tell thgiealents in Germany about
key performance indicators, this has failed. Iémsarter to send out some young
engineers in the organization who ask some narestopns about matters. That's
when they will realize that they are not doing sheartest thing.”

In old Vattenfall, when operations was still pafrtlte organization, the people in the
field had much say and tried to make substatidribdir own needs rather than the end
customer. Once maintenance was procured from eattiinms, Vattenfall could more
easily take a more economic point of view.

There is a need to have a system view in ordegltdhe system. It has been much
easier to sell Pull as part of a system than asgéescomponent. It requires some
additional thought to accept the new product amadl ahperson in the customer’s
organization understands the technology. On a mtdduel it is easier to switch to a
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regular CB, whereas on a system level it is easiger Pull. This was known from the
beginning of the development.

Seldom is Pull sold directly to the customer, iagté goes through the Substation
business unit, in Sweden, Germany or India. Intagtdisome are sold through
substation contractors. For this to work out, dfeosubstation construction staff needs
to think that is a good idea.

When the customer has its own design departmenthaiscbuys independent
components from the Power Products division in likavthe customer normally does
not reflect on changing the regular CB for a Ptvhen instead the entire substation is
offered it is therefore less difficult to make ttiestomer choose Pull since there is no
design layout department to fight with. In case®relthe product is sold as part of a
system, economic arguments of life cycle cost athgancan therefore more easily be
given. In the Substation BU a simplified life cydest calculation algorithm has been
created. This is given to customers so that theytltamselves experiment with
different input data and parameters. In a sensdhtough this means easy for the
customer to make a sensitivity analysis.

Not only has there been external resistance t@thlennovation. It was already
mentioned that the product was almost stopped freimg sold for some time. Within
ABB there has been doubt on grounds of if the systan be trusted fully.

Internal missionary work has thus been neededwitlsh the High Voltage
Power Products unit there are some 50 sellerh®BtJ that need to believe in the
concept. For them the easiest thing to do is teraffregular CB as requested. It is a
thousand times harder work to go into the discussfdhe new product Pull, a
marketing manager says. It asks for extra effadtlamowledge among sellers.

Another troublesome area has been the connectiarebe Business Unit (BU)
and Front End Sales (FES) in different countridee FES representatives need to a
have general knowledge about all ABB’s power presland it is difficult for them to
find the time to learn about Pull. Plus, to maketar including Pull typically takes
substantially longer than one with regular CBsthie Nordic region it has been easier to
facilitate learning and transfer of knowledge.dshaken some years internally to
understand this, one manager asserts.

The fact that ABB has been alone with having a Radl also been an important
reason for the difficulty in selling the productiarketing person expresses. This group
tends to be all about saving costs and sees and gagat problem in the fact that ABB
is (at least in most places) the only manufactafétulls. The purchasing departments
generally want one standardized product that mapplgers stock.

The purchasing process is something that has bh#eultito understand since
customers differ substantially in terms of theigamizational setup of purchasing.

It has in a sense been found somewhat easierl o sgime Eastern European
companies. The reason is that eastern companiefiedohave deep [
technical knowledge about products and the syséemarketing
manager says:

“It harder to make oneself heard in more sloganeotied
cultures. Western companies don't trust as mudheg do in
eastern countries. Especially in terms of support”

Quite a few stakeholders can be identified in theepasing decision. ;.0 57—
The operations and maintenance departments hasagglbeen Composite
elaborated on since this group tends to have trst mibuence in many insulation

customer organizations. Those in charge of insiafiaare generally Lﬁii)'mage



somewhat skeptical towards Pull. The people thathwhe grid form their opinion
based on what problems there have been in thelpalso depends on what system
they have. Those with past problems with CBs ase li&kely to exchange to Pull, but
vice versa if problem with disconnectors have deequent (as mentioned earlier
Sweden has seen much disconnector problems, cefgpendix 8.3 The power outage
in 2003). Project leaders for substation renewghtsee some benefit in that it takes
shorter time. Executives or those with a cost aymasponsibility tend to see the
advantages. Although, as earlier mentioned itldose so that Pull is seen and
understood at this level.

There are two problems of judicial and norm nat&rest and most troublesome is the
fact that there is not a visible gap as when uaiegnventional solution. In many
countries it has been stipulated in either a narmitibity policy that so it must be.

For example in South Africa the local BU managegisdhat the reason that a sale
to Pretoria municipality was possible was thattity had a more lenient policy than
most other South African customers do. In regarcther utilities he asserts that Pull is
a hard sell.

“Our marketing has always shown that, you know,tthg particular product is
much safer than the discrete components [solu@BH2*DS)] because of the
interlocking etcetera. That hasn’t been acceptedraargument.”

The second problem is that sometimes the insul&ioot made of porcelain. Instead it
is made of silicone rubber, a composite materig Sigure 27). In some countries this
makes the product non-compatible with national éaworms. Often norms take much
effort to change, so although the ISO norm has lbbanged that does not suffice.

Furthermore, there is a weakness in systems usithgvRen maintenance is needed
since the adjacent busbars must be deenergizBdlllis to be serviced more other parts
of the substation are affect than with a conveticolution.

“The basis for the Pull is that the device in ifsmlust be very reliable. If not, we
have quite some many problems, because all thgesitare more difficult to get
to Pull since we do not have disconnectors anyneoeyou need that kind of
isolating gaps, which you need to open when madiitegit breaker service or
whatever...This you have to understand.” [sic]

Concerning reliability there are large differenaefow customers reason. Swedish
customers seem to be persuaded in general thatBuitbuilds on the HPL or LTB
conventional breakers that have been manufactumed kbng and have a proven
performance record in the field, reliability andadability should only be expected to
go up. Foreign customers tend to have another Whkppking at it. One customer says:

“Within coming years we must analyze how it [Puéhlly works. Whether there
are lots of faults or if there isn’t. It is [coulak] a big problem then. If a new
product comes to the market there is always tHethiat there is some kind of
type faults.”

Another customer says that one cannot know thdadoittly and therefore Pull will not
be run in important substations. The present ilagtahs are to be seen a pilots that are
tested. The customer would like to see availabgigtistics composed by ABB and
likewise life cycle analyses. Now the customer Wwalve to initiate its own study. It
would have appreciated very much would SvK pulbsistatistics for Pull since they
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have many that have already run quite some timethfan aspect in which there is not
enough information as this customer sees it, hd®e with snow and ice buildup on the
outside of the breaker.

SvK, the overall greatest customer of Pull, isabss the line satisfied and has let
other customers know that. The following critiguesibeen expressed.

“During the journey, we have placed a number ofeygj we have decided upon a
number of changes that has, maybe, not ABB alviiasd lip to. They have not
executed in the way | think they should have. [ hgyrhave not always fulfilled
their undertakings. That doesn’t mean that the patds no good. We have had
opinions on certain aspects that need further dgwekent which haven't been
done on time.”

4.3 Customer views

Customers were asked what the greatest benefitisPugh and Pull was in comparison
with the conventional alternatives during semi-stineed interviews and in surveys.
Their answers were weighted according to their eamighon the specific performance
parameters. This was done to be able to compacep@rns with the current value
propositions as thought of by ABB. The current egtuoposition for Pull focuses on
increased reliability and availability, just like the initial phase. The current value
proposition from ABB on Push is increased functldp@n a number of aspects, unlike
the unrealized initial value proposition focused@nered price to customer.

4.3.1 Push’s performance attributes

For Push (six customers interviewed) customers ywenearily buying the product for
the interest in trying out new technology, andhea hope of increased reliability or less
maintenance. Some customers did in certain envieotsfind that they needed less
foundation (concrete) for Push-equipped breakeisaesates lower vertical forces
when operated. Customer buying motivations are saniaed in Figure 28.

0% Customer percieved performance

30%
20%
=]
0%
&

Figure 28 — Customer Push perceived advantage based performance parameters mentioned in interviews

The very most emphasized reason by customers velalled Push was the interest in
trying out new technology. One ABB customer says:
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“Part of it is that this is a new apparatus, ancetbk is a joy to that. You don’t
need to wait for everything to operate for twerdgng before you dare to try it
[...] We did this partially to try out a new techngio[...] later on we noticed that
there were more advantages that we didn’t realzaily.”

Customers also perceived an advantage for Pustpatted increased reliability
leading to less unplanned grid unavailability. Tiésception was primarily a
consequence of the micro motion function, whichvfates diagnostic capability, built
into Push. The enhanced monitoring functionaligypld in as well. One customer
stated:

“Push has, well, a little more self surveillanckah a conventional drive unit. We
think that this thing with the micro movementsasngood, it minimizes
maintenance.”

Another major reason for trying Push was the avwidaof planned net unavailability
due to scheduled and costly maintenance. Heren dgaisurveillance and micro motion
functions formed the base for the customer perospfs one customer put it:

“Principally, we shouldn’t have to do any mainterarat all, because it is
supposed to alarm us if something goes wrong.ragalar installation we need
to do service every 10th year.”

Some customers found new practical advantage®iarttaller forces in the
construction created by the more optimized Pushamant:

“[...] then we built this substation equipped withlPwith Push. Had we chosen
a traditional drive mechanism, we would have haddge drive piles. Less
foundation is needed. [...] That station is builtamold seabed, it's softer and
the surrounding buildings all need such reinforéedndation.”

4.3.2 Pull's performance attributes

For the Pull (sixteen customers interviewed), thgiwal value proposition was to
minimize unplanned maintenance in the system caogedalfunctioning

disconnectors. This was realized by merging thakeeand disconnector functions into
the circuit breaker.
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Figure 29 - Customer Pull perceived advantage baseaxh performance parameters mentioned in interviews

The performance parameter most heavily emphasig&ulh customers was clearly the
expected increased reliability. One of the cust@méro put great confidence in the
reliability of Pull says:

“Before Pull came there were numerous discussionBaw to improve reliability
of the disconnectors since we had bad experienttedigconnectors. [...]There is
no reason to view this as a new product. It isstme [HPL] breaker with the
same spring drive. Statistics for this productiss the same.”

Lower price or life cycle cost was another freqlieoited advantage of Pull. By
integrating disconnecting functions into the citdaneaker the purchasing price offered
to customer for the same functionality has gonerda@ne Pull customer discusses this
as one of the advantages that led to buying Pull:

“.. .Pull is a bit economically advantageous, tligtcosting less than the product
it replaces”

The third major advantage with Pull is that it riegsi less space in a substation layout.

The disconnectors are removed and clear up “fraeeSmat the customer as shown in
Figure 30.
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Figure 30 — Pull substation layout with free spac&om removing the disconnectors. (ABB PowerPoint
Presentation)

4.3.3 Push’s cost attributes

Push’s cost attributes perceived by customersrameagly functionality risks and price.
The cost attributes are summarized together wibdlof the Pull in Figure 31.

Customer percieved cost

0,6
0,5
0,4
0,3
0,2
. _ B
0
Uncertainty in no Changing Too high price Non-visible gap
availability statisticsroutines/ complexity (price) {legal or norm)
{functionality risk) (effort)

Figure 31 - Customer Push perceived disadvantage $&d on cost parameters mentioned in interviews

The largest cost or disadvantage that comes wigmbuPush is the risk of malfunction
according to customers. This is mainly due to #uok lof market experience of this
conceptually new product. There is no extensivissias from current installations
available. One customer said:

“For Push, the reliability of service would be ams. The technology is less
proven than for example the combined breaker [teldgy]...”

The second perceived disadvantage that custommetedeo talk about was the price of

Push. Clearly, it is higher than for a conventicstahdard, spring-based drive
mechanism. Customers see this as a major disadyanta
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4.3.4 Pull's cost attributes

When asking customers about the perceived disaagestwith Pull, they are rather
evenly distributed between legal or normative c@msts, price, functional risk and
effort in changing routines.

A major cost incurred by Pull according to custasnsrthe lack of a visible gap in
the power line. This is partly a regulatory probjexs transmission and distribution net
owners simply are not allowed to install Pulls withinstalling regular disconnectors.
The second part of the problem is the internaktasce to accept something that
intuitively feels less secure for service personwtatn the maintenance organization
has decision power at purchasing.

As stated by a customer changed laws and normshigbnsequence lead to
higher acceptance for the product:

“If more countries accept Pull, ABB’s competitordllwe more active in the area
[making the product more attractive for customers]”

Functional risk is, just as for Push perceived esresequence of the lack of statistics in
the customer cases studied here. One customelirexpla

“We have not seen figures of availability for Puflthose existed and were good,
that would surely have made the decision [to bagier”

Price was an issue for customers as well. Somemgss outside the western
hemisphere found Pull to be a more expensive iasitat than CB+2DS because of
lower disconnector prices, lower installation labad less expensive ground.

The fourth disadvantage frequently associated Ritth was the effort brought
upon the buyer in changing service routines arsbiate occasions substation designs.

Customer percieved cost
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Figure 32 - Customer Pull perceived disadvantage Isad on cost parameters mentioned in interviews
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5 Analysis and discussion

The analysis is divided into the sections develapoéthe value proposition, the
market diffusion and a comparison of the two.

5.1 Value proposition development

Push is clearly at the push end of the push arndtpuls the name) classification. Push
originated from research program directives baseABB management’s estimated
technology trajectories. Subsequently, as a goehtieaision was made based on the
first developed concepts, a rapid complete conimggesting under running conditions
was developed. After testing the technology wasiedshrough the research and
development organization to rapid product develagme

It is quite clear that Pull belongs to the oppositke of the dichotomy. A user, in
this case Vattenfall, made an analysis of whabiil need in future substations and
that spurred the development. Vattenfall trieducspe several CB manufactures. It is
noticeable how it first seemed as if Vattenfall \wboot succeed in securing a
manufacturer of its demands. Since Vattenfall ditigive up on its idea, it was
eventually absorbed.

According to Tidd & Bessant (2009) market pull pwots run a higher chance of
greater market results. The adoption rate can thugeneral, be expected to go further
and faster for market pull ideas. This is truednraggregate of products but not
necessarily for the single product. This is, afievanoted, not to say that technology
push always fails. In the two cases studied itaarcluded that the market pull idea, in
fact has come further in the adoption curve andchdmk better market results so far.
This has implications for the answer to researadstjon one.

The push character of Push has made its value git@podevelopment more
difficult. To date, no value proposition has beeurfd that translates into superior
customer value than the conventional product. Tthiegharacter of Pull has helped
make the value proposition more attractive fromtime of the launch of the product.
However, it could be that Push at some point irfeiiere overtakes Pull thanks to its
larger technical improvement, once a proper vatopgsition and application is found.
This would then demand that the leap in technolzagybe translated into a greater
value proposition to many customers.

Fitting Push onto Rothwell’'s coupling model (Seetem 2.1), it is clear that the
connections of ABB’s inner workings and both “neeélsociety and in the
marketplace” and “state of the art in technologgl production” are missing. As the
marketing and sales functions still have not foonstomers that adopt the product on
other grounds than curiosity, it must be conclutthed the functionality Push offers is
not well connected to the needs of the market. rAdyrction cost repeatedly has been
underestimated in new product iterations, it imctlat the research and development
functions and manufacturing functions are not cotewenough and/or that the way in
which cost estimation is done is systematicallyleguate.

The initial Pull development was not carried ouaasormal NPD, but instead it
was handled as an order adoption first. In a stniseneant that the interactions
between ABB and Vattenfall were frequent. In face @f the project leaders stated that
the process of development was of an iterative Whdre Vattenfall had a say along
the way. In this sense the development followeccthepling model to a large extent.
Both parties in this manufacturer and buyer refeiop influenced how the final
product would come to look.

The connection to the market is clearly much graatéhe case of Pull. It is
therefore no surprise that those aspects of theey@oposition that customers truly
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value have received more attention in the Pull.c@see the interaction between
customers and the manufacturer were extensivedine proposition was adopted to
that the demands of SvK and Vattenfall. For Pudlttiird innovation model (see section
2.1) has to a large extent been applied but sobialseen the case as much for Push.
The employment of the third model can be expeaiddad to the development of
products that fulfill customer needs. Pull hasaality lived up to much of customer
needs, whereas as Push has had a troublesomeyjanithes respect to today’s date.
This implies for research question one that thee/@roposition development of the
two products differed in the way that Pull devel@mhfocused on VP performance
parameters that really mattered to customers, \asdresh’s link to customer interest
was weaker.

Push was, when comparing with the parallel linesleh{the fourth model, see section
2.1), neither particularly involved with suppliergr with demanding and active
customers. Contact with suppliers was carried at simple request for quotation
manner, and even though pilot installations weraezhout with active customers,
these came relatively late in the development m®e@d there was virtually no
communication with customers before prototypes wweesented.

As for the fourth model and Pull, there is certaisbhme promising evidence of
parallel processes. It was made clear that sireeribduct was seen as having great
market potential, marketing people came and wanfedmation. It has not been
exactly established when others than Vattenfalbbecinterested. In a meeting protocol
it is mentioned that others ought to be contacethng them SvK, who later became
the first customer. Despite the fact that othetamers were thought of and contacted it
seemed that there was no comprehensive marketatggy laid out for the launch. For
the development process it was great to interdatt avcustomer, but it is questionable if
that was only good given that the launch was baseald hoc actions rather than a well-
thought out plan. Yet, even though the produab istért with seen as only a
modification of an existing product it would be @it start following a more
systematic system for marketing when the produde@ded to be sold to not just to the
initial requester.

One of the major advantages of the fourth mod#iiesspeed at which the NPD
can be accomplished. Pull development did bermimfparallelization, whereas Push
never reached such a state. This has implicatmm®e$earch question three, as faster
development means earlier product launch and inymoases a competitive advantage
and faster market diffusion. It can be concluded both products could make better
use of the fourth generation model. The fifth gatien model none of the NPDs were
close to reaching.

For Push, there were two clear selection proce3$esfirst was in February 1999 when
the first three concepts were benchmarked agaatst ether. The second was when the
Swedish and Italian concepts for Push 1.3 wererasi@d in the end of November
2002.

When it comes to why the Pull project was takemnaime late nineties it is not
fully clear. In a strategy meeting in the fall af,9t is being considered whether the
product should be developed, yet only three dags iaseems that it is somewhat clear
that it should be already. At this point of timiee product was seen as easy as “sticking
a pole” through the breaker to block it from clagiVith only one customer in mind it
Is natural that no extensive market requirementifipation is written and that the
decision to go-ahead was not controversial.
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Even though Push did not have a market requirespatification stating the specifics,
there was a consensus around the value proposithBB. From a cost perspective,
the idea was that the price to customer shouldver than for the competing spring
drive while other acquisition parameters shouleédeal, such as acquisition effort and
physical risk. As it turned out, the price for thwestomer became higher and both
acquisition effort and risk became unclear forrgleased Push.

As the main justification for the Push project i@a$ower cost, performance
parameters did not play a major role from the beigigp, although it was thought that a
number of benefits could be achieved. The basidsi\e€opening and closing the
circuit breaker should be performed just as fordbwieventional spring drive. Beyond
that, it should comply with the same internatiostaihdards for breakers as the spring
drive, in order to simplify market diffusion. Thegpormance potential was in adding
some desired attributes from some parts of the ehatkch as increased surveillance
options and continuous status control. Beyond thiexe was the possibility to add
some unanticipated attributes that no one in the&k@bavas requesting because of
unawareness. This was for example decreased wabsabecause of the new design.
There was essentially no shift in the customersrtdegeted with Push in comparison
with selling the spring drive looking at buyer amger roles. However, as the concept
was quite new, there was an attempt to meet therogs in the co-creator role. The
early Push installations set up as pilots in Sweadehltaly were subsidized, and in
exchange the customer opened their sites to otitenfpal customers who could
observe the installations.

At the time of the go-ahead decision for Pull grses there was not so much of a formal
process. The product was deemed as having a elegiver and the costs associated
with development must have been thought to be lieemngthat it was first thought to be
a relatively easy adoption to be made.

From the very start it was clear that the majorefieof Pull would be higher
reliability which could translate into substatiomgh higher availability. The way the
initial idea had come about in the first place Waszeal for less components leading to
more reliable substations. Higher reliability woalldo mean less maintenance and less
components would likely lead to a lower cost (afgurction) of the product compared
to a standard CB + 2*DSs solution. Furthermoreoiild easily be understood directly
that the space required would be less and thatuh#er of foundations would go
down.

Thus, altogether it was clearly understood thak Watld come with some major
benefits for the customer. In this initial phase tlustomer was Vattenfall and that only,
at least to start with. The target was thus coreplatiear. With the target fixed on
Vattenfall, the value part (of the value proposijivas relatively uncomplicated to
appreciate. After all Vattenfall had stipulated Wwhavanted in terms of functionality
and performance, the price of the product wouldehtavbe aligned with what the price
for a conventional CB+DS solution would be.

Pull had been conceived on local level. There hadefore not been so much in
terms of an ABB business strategy approach to wiiabught market would look like
when the decision was made. If that would have Ipeate, maybe some of the major
market obstacles would have been anticipated.cleasr that the decision was made on
a local level, and as noticed ABB Ludvika had #ystompetitive compared to other
parts of ABB. At the time the decision was madgdeahead with development, the
overall global market had not been considered.

From an overall ABB perspective considerationswf ®would likely have looked
different. For example the question of how welllReduld fit in the overall product
portfolio (there were already other hybrid soluipwould have been raised. Would it
enter an already somewhat crowded segment? Waalldrdduct likely sell globally or
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mostly to Swedish customers? Some of these questiight have been part in the
corporate decision to limit the marketing and salésrts for Pull not long after its
market introduction.

Given the circumstances around the initial go-atdemilsion it should not come as
a revelation that the geographic diffusion is hygtdnstrained.

For the overall value proposition for all potentaktomers, it was clear very early on
what some of the major advantages for Pull wouldedo be. Those would be the
same as those recognized by Vattenfall. The r&atnportance, for customers, of the
different advantages would vary considerably. B@meple, it is clear that those utilities
that had had previous trouble with disconnectorald/put high relative advantage of
integrating and thereby encapsulating the discaone the CB. In reality it is so that
not only does the utility company play a role bisbavhat application that utility has in
mind for the breaker. The reason that some uslgtarted to look at Pulls at all were
that they had substations in which space was ratiestrained and therefore needed a
compact solution of some kind.

The value of an innovation is not only determingdtb positives but the
negatives play a role as well. In the case of Polly the negatives are perceived likely
vary even more than do the advantages. One signifecspect is the cost that the
adopting organization sees in changing routinesnaintenance. As the Kambil,
Ginsberg et al. (1996) model stipulates the cosbtssimply the price tag of the
product. The perceived risk of Pull will vary muicbtween different markets, utilities
and applications. In countries in which the lawnorm is very clear on that there must
be an open gap, the risk would be immensely highake use of Pull. Put in Albrecht’s
(1993) (see section 2.4.1) four categories for pcogerformance conformance with
norms is an expected parameter. Pull does in manigats not live up to this criterion.

In addition, major risk is seen by those workingtle® maintenance of substations.
For psychological reasons it is difficult to charigem a visible gap disconnector to a
Pull in which in it is not possible to view the dimsnection other than by the means of
an indicator.

In regard to the customer roles it is certainhyacldat users in some utilities have
a very strong say. As has been seen in those wésze users have a strong say Pull is
seldom viewed positively and non are purchasethdrNordic countries where utilities
tend to purchase maintenance externally, outsouesetenance, the users do not have
much of a say and instead they have to like thsdn of having to maintain Pulls or
they will not win the contract.

Another important aspect of the customer role a th Vattenfall due to its co-
creation of the product. Having been part of thedpct development it is natural to buy
the product and being willing to promote the prddumong other customers (Kambil,
Ginsberg et al. 1996). In the case of Pull it ieliesting to see that the role has to some
extent been shouldered by SvK who in fact was m®tb-creator and idea-giver but
came into the process later. It can be said thit Yattenfall and SvK have been
promoters of the product but that the latter hasived the most interest, perhaps given
its strategy of full adoption of Pulls and with tlitthas more on stake.

Later on in this analysis all of major catalystsl @bstacles will be presented. As
for now it can be concluded the advantages of \Weile early on clearly conceived, but
for the disadvantages, they were probably not dbtix@uight out to start with. To putin
the Kambil, Ginsberg et al. (1996) framework parfance parameters were clear but
the cost dimension could have been given moretaiten

Value proposition is an integral part of the bussimodel and in particular in
business model innovation the value propositiazerstral. In this respect it noteworthy
that Pull did enter a special group not long attemitial launch. This group, the system
group, did not live long, but it did go in direatiof business model innovation. The
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group was broken out from the rest of switchgedotm a group in which system
advantages of new products could be offered tatlseomer. Had the group existed
longer, Pull might had fared better than what reenlthe case.

5.1.1 Disruptive innovations

Push is competing with conventional spring driw&gh new applications for breakers
rising, there is potentially a separate markepfaducts with frequent operations
drives. Push today costs more than the Spring Dbineshould conceptually be able to
compete if design, supply chain and purchasing wptienized — this was the initial
idea. Push offers a relatively lower performandefpratio than the current generation
of mass produced spring drives. Push has beepuiffo patent and is today only
protected by one upheld patent. In conclusion, ositd be a disruptive innovation
according to Christensen’s framework (Christens@9v} if the trend towards more
applications with need for frequent operations s, and if the cost is reduced.

This implies that the innovation would die in thaimstream company portfolio
because of low profitability before the market warcan prosper has been created,
which would have been the case at many pointsna,thad the project not been started
over.

Pull is clearly not a disruptive innovation. Norfelwe 4 criteria for being that is
fulfilled. Most importantly, Pull does not perforworse on the main performance
parameter, quite the opposite, at least that wasethson for initiating development. It
does seem very likely that this objective, increlasgiability, has been made met.
Although, it should be noticed that far from alktmmers believe so. That is one root of
the problem that Pull has faced in diffusing in tharket.

5.2 Market diffusion

The overall diffusion in the market for productsrquared to the overall sales of Power
Products and Power Systems Divisions over theniastyears is seen in the world map
in Figure 33.
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Figure 33 — Global Diffusion so far for Push and Pll. Percentages indicate share of total sales withia specific
area. For example, “Pull” had 93% of its sales in Etope and Russia, which is more than its portfolio gerage
(Power Product +Power System).

As Push was not an incremental innovation, itauditin was difficult to forecast on
basis of spring drive sales development. Insteagets were set on basis of the current
market and a replacement effect. There was a gaaPush should cover the functional
needs of 90% of the BLK spring drive market. Givieat the price to the customer of
Push was meant to be lower than the price of thagpgrive, 90% of the breaker
market in the LTB 145 kV segment should easily &etared.

With this in hindsight, actual sales results hagerbremarkably low. When
comparing Push introduction to the four factorg tigpically form barriers to adoption
according to Tidd and Bessant (2009), it is cleat &t least economic and behavioral
barriers exist, possibly organizational. Econonaciers include the difficulty to
explain and motivate the higher price to the custioai Push compared to the spring
drive. Behavioral aspects that have played a healeyare motivations, inertia, and
propensity for change and risk. The motivationdechanging a relatively well
functioning spring drive in the basic substatioyolat is low, as it involves learning a
new technology in exchange for speculative benefits

Inertia is significant since the customer has sdasided routines for requesting
guotes on new components and these are built arxisting technology. If not stated
explicitly that the circuit breakers shall be equeg with spring drives, there is at least
no room for giving additional functions a valueopensity for change and risk is low
because of extremely high costs associated wittigestin the power grid.

Looking at how customer roles presented in Kamtiall (1996) influenced the
diffusion process, Push is more likely to appeahtuser than to the buyer. The user,
at least at a higher level, can see the benefgsikillance options built into the
product. The buyer on the other hand can hardigxpected to contribute to the
diffusion of Push, because Push’s price becameehitjian for the conventional spring
drive. The product is not only more expensives ilso difficult to compare with other
offers for the buyer, as there are no ABB competitdfering a corresponding product.
In the case of a technically advanced customeretisgpotential for a mutually
attractive co-creator role, where the customer kep@BB with statistics from the
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running Push and in return receives better maimtsmalans. For research question
three, this implies that an obstacle to diffusicaswhat the value proposition did not
appeal clearly to more than one customer typeisiee.

For Pull diffusion has been slower than expectedaécounted for in the theory
chapter, the more radical an innovation is the nadfecult it will be to forecast the
diffusion (Tidd and Bessant 2009). Given that Ruak first considered as very much an
incremental product it is not strange that the Brgectations of diffusion have not
materialized. The underestimation of the radicalth in marketing and how the
product is perceived by customers explains whydtffasion has been slower than
expected. The fact that the product is technidallyemental does not mean that the
diffusion will be fast and smooth as has been sedme case of Pull. In regard to
connecting the value proposition development witfusion not just the technical
radicalism has to be considered but also othermmas in accordance with the Afuah
and Bahram (1995) framework.

No early market expectations projections have lpgssible to obtain and it is
thus not possible to give a quantitative intergretaof the congruence in forecast and
actual outcome. Finding out any incongruity betwieacast and actual sales would
not reflect negatively on the project team, asgmtipns for innovations are inherently
difficult to do.

Empirical evidence of the s-curve for diffusion leeen found in a great number
of studies. That does however not mean that &$y ¢o say where a product is in this s-
curve until long after the product has diffused ptetely. In the case of Pull an attempt
to plot the stage of the adoption will later be mauthe comparison with Push.

From the perspective of many ABB employees Pull @ facto major
improvement over the conventional CB+2*DS solutio good majority of the AIS
cases. Given this perceived objective superiaitiig,good to remember the famous
example of the Dvorak keyboard (see section 2iB.#hich diffusion has been very
sparse. Pull and the Dvorak keyboard share onerroagoacteristic. The adoption of
the innovation necessitates the unlearning of alulth or routines and the relearning of
the new.

In the case of the Dvorak keyboard the obstaclelaarning has shown to be
insuperable despite the fact that new generatiardijncome in contact with
typewriters. Closer to an objective truth of supeproduct performance than that for
the keyboard is hard to come by. Yet, diffusion besn little. Could Pull be facing the
same fate?

Again, the aspect of user versus buyer is deeplylwed in this question. In those
cases where the user has a say in the purchassigjosheit will hardly let go of wanting
separate DSs. In situations where users are outsdauying organization their say in
the matter is constrained and thus a more ratamadoach based on important
performance parameters can be made. This unwilsgynf changing routines on
behalf of the maintenance personnel can be caigbas behavioral inertia. At the
same time it is an organizational barrier due &ftltt that new instructions have to be
written and taught.

Diffusion models take into account differencesuistomers’ needs to differing
extents. The previous paragraph has tried to exptea slow diffusion process from a
perspective of different customs. However, in thelemic model (see section 2.5.1)
customers are seen as being alike and the adaptexplained by the communication
between adopters and potential adopters. In theeaaBull some adopters have been
promoters of the product to other users. Within &wefor example it is clear that the
adoption by SvK has had overall positive influenoeother potential customers. In
other countries this type communication has nohlaseprominent.
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Whether this has been due to foremost personal eoneation or mass media is
not possible to say with confidence. However, ltksly a combination of both but with
the emphasis on personal communication. Personaincmication in this case does not
only concern direct communication with SvK but watthers who have looked at the
actions of SvK (and possible Vattenfall) for diteot

The probit model acknowledges the difference irtamuers’ propensity to adopt
new technology and what needs they have. In tlsis ¥&8 Energi can be claimed to be
a typical innovator when plotted in Rogers (2008l) burve framework. SvK is harder
to put into one category; it would fit into botretmnovator and early adopter category.
Innovator since it was the de facto launch custombo in addition helped out in
debugging the product. At the same time SvK seenbg tan early adopter in how it is
viewed as an opinion leader in Sweden and at tefsesvhere. In Sweden it is no doubt
that majority customers have started purchasingtbéduct guided by the actions of
opinion leaders. Figure 34 is an attempt to vizeal which phase customers from
different nations are in.
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Figure 34 — Diffusion process in different markets

Although differing customer needs and lack of comioation to some extent explains
the slow adoption, it cannot fully explain the cdexity of the problem. To better
understand what affects the adoption speed Rog@és3] five factors will be
employed. These have been found in many casegtaiexow fast an innovation
diffuses in a system.

5.2.1 Roger’s five factors explaining the rate of diffuson

Applying the five factors will bring insight into mat has affected the speed of diffusion
for Push and Pull. Each customer (and even eadopén the customer organization)
makes its own judgment. It is not possible to tizke account every single opinion here
but instead what will be presented is an aggredates for each of the five factors.
When applying this model it is important to rememibat there is no absolute truth,
instead it is much about perception. An aggregkeeel for customers altogether and
for ABB employees altogether will therefore be preed.

Seen from ABBs perspective, the relative advantddg®ush is large. All
customers can benefit from the presumed higheabiity coming with the micro
motion, and lower vibration level resulting in les=ed for heavy foundations. Many
customers will benefit from lower noise, and quatiEew will have great benefit from
the surveillance functionality. For the customénese advantages have existed to a
smaller extent. AImost no customers quote the silamee as a major advantage. Most
have no problem with noise as substations tene foldced far from urban areas. The
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foundation is still needed even if it can be maaealger with the lower vibrations from
Push.

The compatibility of Push is high, both from ABBdacustomer perspectives. The
spring drive can easily be exchanged for a Pusmwistalling a new breaker. A Push
can however not be fitted onto an already instabieghker as a substitute for a
preinstalled spring drive.

The largest difference in view on a parameter fitigion for Push is on perceived
complexity. While ABB and especially Corporate Resh, where the product was
born, tend to see the product as rather easy terstaohd, the sales force finds it more
difficult to explain Push and the potential custesnean not in most cases understand
the technology before buying it, nor operate alihef features themselves without help
from ABB once installed.

The trialibility for Push is perceived as high bBB. There have been numerous
pilot installations around the world, and in a gaben of multiple breakers, it is
possible to install only one with Push. The custanaso perceive the trialability as
relatively high, although not as high as ABB ddésy feel they need to understand the
product thoroughly before buying it.

Observability is quite high for both ABB and cuskns: The installations already
made with Push are well spread around the world ,castomers are usually willing to
open up their sites for prospective customers.

From ABB'’s perspective the relative advantage df Buuite large. A marketing
manager asserts that in most cases Pull is adwwouador AlS solutions. For those
customers that have adopted Pull, it is cleartti&t perceive a good relative advantage
given that the product does mean that some sasifiave to be made. The relative
advantage perceived is dependent on what probleensustomer has had in the past.
Those with previous problem with disconnectors wallue the integration higher than
others.

The compatibility is often quite high but varieshwvihe substation layout.
However, in most cases a CB+2*DS solution can Ibstguted with Pull. It can,
nevertheless, due to space reasons be difficgi tthe other way around, since Pull
takes up less space in the substation. There sedmesgood agreement between
internal and external views when it comes to thematibility.

The perceived complexity for customers comparealtat that thought by ABB is
an area where there is discrepancy. ABB in gerardlparticularly the BU seem to
view Pull as a relatively easy product to undermdt&ince customers need to learn new
skills and develop new routines, complexity carséiel to be quite high. Of course
those who have already adopted the product haveajed routines but for those who
have not this is a major barrier to adoption.

The trialability for Pull is not very high givenahin order to install it in a
substation layout changes have to be made. Iniadditying it out during a year does
still not say so much about its performance sietialility and availability must be
measured over longer time periods. It is worthdteragain that running trials with a
customer, in this case SvK in Untra and later \rdétk means an opportunity to make
those users more committed towards the use ofrtidupt while at same time, it gives
a chance to debug the product.

Obervability is a problematic area when lookingstg Sweden. Although there
are numerous examples of foreign customers visiwvig's Hemsjo substation to look
at Pull, it seems this is not enough to persuadeomers of the product’s performance.
In fact most, with exceptions, non-Swedish cust@seem to be not so certain with
what performance can be expected, in particulalbiity and availability (key
performance indicators in the industry). Swedisst@mers, on the other hand, seem to
either trust that the performance will be the samér the conventional HPL or LTB
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breaker, which Pull builds on, or trust someone @lho believes so. Foreign customers
to a higher degree think that the product needie ttested more as if it was something
completely new. Within Sweden vicarious learningwassible and it might be mostly
a matter of time before this happens more regutanlgn international basis.

A summary of the overall situation for the five idnles for both products is given
in approximate quantitative form in Figure 35. Hoale runs from 1 worst to 5 best.

Relative
Advantage

Cbervability Compatibility
=+=Pull Customer
-=PullABB
==Push Customer
==PLsh ABB
Trialability Complexity

Figure 35 — Roger’s five factors applied internallyand externally

5.3 Congruence between value proposition and customeaiue

The Kambil 1996 framework explains how the valueposition to the customer
combines product performance (advantages), prashsti(disadvantages) and the
customer role in which he or she receives the offkis study shows that there is a
significant difference between the original intedd®alue proposition and the
subsequent customer perception of value.

5.3.1 Customer value of Push

The primary value dimension for the Push concepsiciered in the selection process
was lowered cost by reducing the weight and nurabeomponents. This would raise
ABB margins as well as allow for a price reducttorcustomers. When compared with
customer perceptions close to ten years after @bmealization, it is obvious that quite
the opposite is true. In fact, the product is mexpensive than the conventional
alternative, and when customers are asked abodighdvantages they mention the
price as the second largest drawback.

What customers have come to appreciate in the abs#rprice advantages are
the newness aspects of a fully electronic prodegtiacing the mechanical, conventional
alternative. This is a typical characteristic c¢ tustomers belonging to the “Innovator”
adoption group (Rogers, 2003), a group that unfately only makes up 2,5% of the
total adoption population. The second and thirdtmabied attributes of Push are
according to customers expected increased reliabiliavailability and “less
maintenance”. This is a logical consequence okemsing maintenance costs of power
grids and penalty fines associated with grid urlatdity. Following this, grid
availability and equipment reliability is today thein issue for net owners. Push
allows an improvement potential with the surveilarand micro motion functions.
However, customers try to make offers comparabjgire by sending out extensive
“RFQs” Requests for Quotation. These specify théopmance and sometime
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components requested, and pose a barrier to irgimoglproducts with new
functionality.

The main disadvantage that customers found in Busleyond price, the lack of
availability statistics. This is classified as adtionality risk in the Kambil framework,
a major cost that is calculated into the valuehefgiroduct.

5.3.2 Customer value of Pull

Major advantages with Pull stated by customers weneased availability, lower price
and less space required for the installation. §bess well with the initial value
proposition, which was to increase the availabilityhe grid by omitting the separate
disconnectors that caused major faults in the 1998an thus be said that the original
value proposition was realized as Pull, as percebyethe customers, allows more
availability while keeping other variables statdower total initial cost has been
realized by many customers because there is nofaeedparate disconnecting
equipment, at the same time the foundation andespeagired is shrinking.

On the disadvantage side, just as for Push, laekaifability statistics and high
price was quoted. It can seem contradictory thaeps quoted as a disadvantage, but in
some locations disconnectors are a minor expergéhare is plenty of labor and land.
The lack of a physical gap is quoted as a disadganfior Pull. This is considered what
is referred to as a physical risk in the Kambilet1996) framework.

Physical risk encompasses the actual danger ofj @sproduct. With power
product this is a very important attribute. Produaiust not endanger personnel safety
during installation and maintenance work.
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6 Conclusions

The purpose stated in this thesis was to investigatv the value proposition
development in new product development projectdeslto the diffusion of the product
in the market. Since the thesis was a case stuBysti and Pull the conclusions are
based on these two NPDs.

Push and Pull are fundamentally different new pobdievelopment (NPD)
projects to start with. Whereas, Push is a clese éar technology push, Pull is a clear
cut case for market pull. In fact they seem todalsal type of cases that the critique of
the linear models almost falls, at least in thesses.

This makes the two development projects interegbrgpntrast against each
others. This major difference in type of projecs herge consequences for the
development. For Push the needs that the prodwstavalfill still have not been found
by adopters of the product. For Pull it was obvitha right from the start there would
most certainly be at least one adopter, namelyeviédtl who had placed the order for
the product. As it was quite soon understood ttisrautilities might be interested in
this solution this could have turned into a momgutar NPD project.

The development of Pull was a fairly short iteratprocess to please the needs of
the buyer. Push by contrast has been a long protéssations to drive down cost to a
level acceptable for customers. As the cost of pecody the conventional spring
solution has constantly come down, Push has neaaaged to catch up. Customer and
supplier involvement has been set to a minimumushRcase during actual
developments. Pilot installations have however beade along the journey.

The type of innovation that the two products aféets substantially. Push is
technologically radical with the manner in whicle fimnction is performed completely
altered. Pull on the other hand is technicallyrammremental innovation. In a system
however Push performs exactly the same functiamaasa conventional spring drive. In
fact the product has been made so that it woulthteithe way the conventional drive
works. Pull alters the way the system is put togietihe layout of the substation
changes with its introduction.

From a marketing perspective Push is in senseressce it does what the
product that it is meant to supersede does. In itadbes what the old product does plus
offers additional features. Pull demands greatptasmation and greater system
knowledge to sell. Push is a one to one chang@uwbllis not.

The potential disruptiveness of the two productsncawith any great assurance
be said until long after the introduction. Althouigim years may seem long, in the
industry under scrutiny it is not long at all. Hoxee, it can be said that Pull will with
certainty never be a disruptive innovation anceier was meant to be. Push could
become disruptive if it finds special segments iidguent operations in where it can
beat the conventional spring drive on what is nowstdered a secondary performance
parameter.

Adherence to the stage-gate model has in the ¢adasb been relatively good. With
exceptions for little attention paid to the MRS a@ade 7, capture learning, at least to its
full extent. Push has not followed a structuredarfalr NPD process as it was merely
seen as an order adoption process rather tharukar@dPD.

The idea search process for Push was extensivelhweéh different locations
involved in finding solutions plus other altern@svthat were later adapted to different
applications. The search process for Pull was @aternally, by the substation 2010
group in old Vattenfall and later on reopened by Mattenfall for the application of
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AIS distribution voltage breakers. In a sense AB@Brbt do much of search process
itself therefore.

This is no surprise given that Pull was if not aruanovation so at least a
customer innovation. It certainly was not the mamaince personnel, the users, in
Vattenfall who had came up with the idea of a Bullinstead a cross-functional R&D
lead development group. It should, however, be askedged that this group did not
contain maintenance personnel. Their stance tovwhedglea at the time is not clear.
Pull is thus more of a co-creation type of innomatihan a user innovation. Later on as
SvK became the first adopter it also took on the &s lead user and paved the way by
testing the product in its Untra substation. Thencotment to the product from both
Vattenfall and SvK has resulted in promotion fa groduct in the shape of positive
articles, demonstrations and seminars.

Push shows no traces of user innovation, nor ietaetrong committed customer
promoter.

The selection process for Push took the form ofpmetitions between different
local BUs. Basically different solutions to the saproblem were benchmarked against
each other’s and the best solution received a gadfor development. This was done
twice for different development versions. Pull deead decision was not as definitive
as for Push, instead it appears as if it was mbgeamlual consensus formed that this
idea of Vattenfall's seemed to be good enough teatnething with.

In the selection phase both products have in comimatrthe primary justification
for development is distinct. For Push the costefpiroduct with the same performance
as the conventional spring drive is expected td@on. For Pull the reliability of the
CB+2*DSs system is expected to go up. Beside afelpgimary reasons it is in both
cases clear that the new products will come withesadditional benefits.

In Table 6, the value proposition development a$lPand Pull are summarized.

Categories Push Pull

Increased reliability most
Initial idea and its : : important parameter. Other
Simpler construction, lower )
thought VP cost advantages over conventional
product were also known from
the start.

Toward functionality
aspects; less mechanical
stress, less noise,
surveillance functionality

Changes in VP ovd
the development

=

Environmental advantages have
been emphasized more during
the later years

Better reliability plus additiona

Final VP Increased functionality, hope advantages which were knowr]
of better reliability from the start plus along the
way.

Differs substantially. Initial
development reason most
important. Total cost of
ownership another important
parameter that varies much
depending on the customer’s

Percieved customer
utility Stress and noise reduction

172}
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purchasing model

Table 6 — Summary of aspects of research questions

The value proposition for Push has changed drdlstitam project initiation until
current market diffusion. The product value proposs initial focus was to reduce cost
and the reference customers were chosen with getniged diffusion more than certain
performance needs in mind. When the focus of theevaroposition was shifted to
performance, the reference customers in the inoowaid early adopter categories,
usually acting as opinion leaders, did not utitize increased performance. Possible
underutilization of opinion leaders could have eala retarded diffusion process for
Push due to the changes made in value proposition.

Push has some characteristics of a disruptive mmav. If that is the case, it will
die in the mainstream organization because of laMitpbility. It would then benefit
from being moved to a separate organization withenod an entrepreneurial climate to
prosper.

6.1 Answers to the research questions

The research questions asked were the followiregttuith concise answers directly
following:

1. In what did ways did the development process of Phsand the Pull differ in
respect to the advancement of the value propositién
Both had relatively clear value propositions riffloin the time of the selection process
of or even earlier. The main difference lies in fihet that Push has so far never lived up
to the reason for why it should be developed afféus, the original value proposition
for Push has not been realized. For Pull it has Ipessible to sell the product on the
initial value proposition and that has been manadi It has, however, been difficult to
prove (statistically) that Pull does live up topt®mises of higher reliability in the
substation.

2. Are there differences in how Pull’'s and Push’s vale propositions are perceived
externally and internally?
For both products there exist discrepancies. Th& moublesome for Pull seem to be
the fact that the main performance parameter hiaba®en proven, at least not in the
eyes of many customers. For Push, the originalevatoposition of lower price has
never been realized. Instead, ABB has focused dadatlinctionality and presumed
performance increase. Technology savvy customess éimbraced the new
functionality, but few customers have bought int8B%s performance propositions.
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3. Which were the catalysts and obstacles that influexed the market diffusion
speed of Push and Pull?

Catalysts

72

Incremental improvement of
existing product (LTB & HPL,
seems to hold true only in some
cases)

Perceived relative advantage
over conventional solution
Highly respected lead user

Obstacles

Legal requirements & utility
policies

Discrepancies between value
appropriation and creation
Problems in internal marketing
Need for closeness to
Ludvika/Vasteras

Higher reliability in frequent
breaking conditions, e.g.
Capacitor banks

Easy adjustment to odd
frequency applications

Low performance/price ratio
Not a first hand pick for the
ABB Sales force

Skepticism towards the use of
capacitors (life time, security,
electronics)
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8 Appendix

8.1 Case

Study protocol

Our analytical framework is built on questions egmeg in the case studies, resulting
from our research questions as follows:

Analytical .

. . Connection to case .
Framework Literature: -~ |Used to answer research questi

. study data base:
content:
Lindmark’'s 2006 model of

Analytical R&D from technology to Gives structures for framework
Framework sales projected on the value and result

proposition

Innovation proces
models

sFRothwell's Pull/Push

and Zegveld's (1985)
"complex net of
communication paths”
innovation process.
Rothwell's five generations
of innovation models

Classification made

dichotomy (1994). Rothwellby analyzing

interview testimony

U7

1. Different advancement of the
value proposition depending on
push/pull etc.

The chain-linked
model

Kline and Rosenberg (198
Chain-linked model

| Classification made
y analyzing
interview testimony

1. Advancement of the value
proposition

Disruptive
innovations

for disruptive: 1.Create ne\
markets by introducing neyv
product 2. The new produd
cost less than existing 3.
Initially the product
performes worse when
judged by mainstream
criteria 4. The technology
should be difficult to proteg
using patents. +Sailing shi

Christensen (1997) 4 criten

ia
v
v
ts

Program directives
to replace existing
technology

O

1. If an innovation is disruptive if
is first percieved as having worg
value to price ratio than standar
product.2. What performance

parameters are considered mos
important?

The Innovation
Process in New
Product
Development

Tidd and Bessant's Funnel
model.

Projects started/Tot
ideas registered

Search

The Fuzzy Front
End

Reid & Brentani (2004)

Early development
staff interviews,

Cigré reports

1. understanding the nature of the

front-end decision making proce

for discontinuous
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innovations and incremental

User innovation

von Hippel (2005)

Accounts for Pull Ul
from
SVK/Vattenfall, C-E
S & cigré reports

1. The customers direct
involvement in the value
proposition development

Select

Value proposition
development

Building on Kambil et al

(1996)

Comparsion of
customer and

employee interviews

1. Defining the value propositior

D

The perceived cog
of the offer by the
customer

t

1+3

The perceived
performance of thg
offer by the
customer

U

1+3

Customer roles

1+3

The
Implementation
Phase

ABBs stage-gate
model vs protocols
from meetings

The process of
Adoption of the
innovation

Rogers (2003)

Sales data
Push&Pull compare)
to world HV breaker
market data

1. catalysts and obstacles 1.
opinion leaders as protagonists
antagonists of new technologieg
2. discrepancies in choice of
performance parameters

Affecting the spee

Rogers (2003)

1. catalysts and obstacles

of diffusion

Compatibility Rogers (2003) Lnggé\geg; %uoegséir(;ns 2
Complexity Rogers (2003) Lnggg\geg; %uoegséir(;ns 2
Trialability Rogers (2003) Lnggg\geg; %uoegséir(;ns 2
Observability Rogers (2003) Interview questions 2

based on Rogers

Catalysts and
obstacles in
adoption

The Capture Phas

(S

How to measure
success in NPD

Wheelwright and Clark,

1992 Hines 2005

Profitability
estimations from
BUs in Ludvika

3. What diffusion is there so far?
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8.2 Interview template

Intro
What is your current position? Which position dauyhold during the product
development? What role did you have in the devekgfh

How was the product idea conceived?

Whose idea was it?

On what basis was the NPD justified?

How well was the customer able to articulate tleeact need?

How were potential customers involved in the depelent process? (eg. co-
development, inputs face-to-face, surveys)

How were costumers chosen as participants in dpuedat?

Several customers involved?

Could customer needs and benefits be easily ideaimtially?

When developing the product was a certain typaustamers in mind, i.e. was the
product tailored for a segment?

In general how well were customer's able to arditmutheir needs?

What kinds of market research were conducted?

What steps were taken to assure an understandihg cfistomers needs?’

How was the value proposition first thought of? Eléwere been changes over time?
How were customers involved in the developmenhefialue proposition?

Was everyone in the development process well aofdiee customers' needs? What
mechanisms were put in place to assure that?

Were incentives created in the development promesssure innovation directed at
market needs?

What guidelines (if any) were followed in the coptand product development?
What deviations were made from guidelines?

Did the development project undergo gates procdksesiad to be passed?
What was the division of work between the Resedsgt. and BU product
development?

Were learnings from earlier projects taken intoocact in any significant manner?
Is there any follow up report or partials writtem the development of Pull / Push
Was there time allocated to review the developmenject? Reports?

In your opinion, how much better is the X produatpared to the Y product that it
supersedes?

a. from a economical point of view(eg. pay a backROI)?

b. from non-economic factors (e.g. convenienceiaspcestige, satisfaction)

How can the market be characterized in terms otintgt real rate growth, marketing
expenditures, investments in capacity, product marg

What percentage of customers buy the product caedgarthe conventional product?
Do the existing customers distinguish themselvas fpotential customers? How?
Have any adoptions been made to better fit poterustomers, i.e. to better
accommodate for their needs?

How well does the product fit in with existing sgsts?
Is there a cost associated with adopting this rype bf product that does not come with
the conventional product?
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Does the use of the new product require a diffetygre of skills or practices for the
customers?

Do customers have all the information needed talide to compare the new product
with the conventional type? Is it possible for amsers to obtain information about the
product from other sources?

Does the innovation necessitate changes in then@majson for the customers?

Do you believe that sales would have been higteat,the product benefits been more
easy to understand for the customer?

Has there been any measure made to make custasnetd the product, i.e. experience
it themselves?

Is it possible to make of small-scale trials or Wodysfunction be very costly?

Do customers typically talk to each others aboeatit@énefits of new products?

Can customers easily observe the benefits that gtie from using the new product?
Do potential customers come in contact with alreagstablished customers?

In your opinion, what would make the product seliter?
Thoughts of business model innovation for new potsi
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8.3 The power outage in 2003

On September 23rd 2003 a major power outage beeamnment in Southern Sweden
and eastern Denmark. Sweden south of the line leetWarberg and Norrkoping was
left without electricity, meaning a combined efféats of some 3000MW (Danell,
Johansson et al. 2003). The duration of the outageup to 5 hours which meant 10
million kWh not delivered (Larsson and Ek 2003)eB8ska kraftnat estimated the cost
to society to be in the region of 500MSEK.

An internal fault in the Oskarhamns nuclear poveactor 3 had lead to a loss of
1175MW in power at 12.30 That, however, was notdihect cause of the outage.
Automatically because of the loss of power, respmeer in the form of
instantaneously availably hydropower from Swedeomrwéy and Finland restored the
network power frequency to around 48-49hz (Dadelhansson et al. 2003). Normally
the network should be able to handle the close dafvennuclear power plant and so it
did first. With the delivery of hydropower the netsk became more strained but
nonetheless remained operational.

Due to the breakdown of a disconnector in Horrdabtation close to Varberg a
short-circuit is created. This would mean that Radg nuclear power plant could no
longer deliver to the network. The loss of Ringhaisl Oskarshamn, totally 3000MW,
means that the voltage could not be sustainedgbarand Ek 2003). Therefore the
southern transmission network was disconnected thenmorthern and there was no
longer any chance to keep the balance betweena@reand consumption. A total
breakdown within seconds was the result. This vedghe first and will not by the last
outage caused by a disconnector.
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