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Abstract European companies rely on advanced manu-

facturing technologies (AMTs) in order to succeed in an

environment of high labour costs, increasing competition

and rising customer expectations. AMT implementation is

often a high-risk investment. Many companies experience a

misalignment between the installed functionality and pro-

duction needs. There is a need for decision support in order

to take into account all possible advantages and disad-

vantages of the technology implementation, and ensure that

the technology meets the requirements of the production

processes. In this article, a differentiated technology justi-

fication approach is introduced. The approach suggests a

combination of strategic, financial and risk justification

methods. The recommended number and type of methods

depend on the integration level of the technical system

under consideration, ranging from stand-alone machines to

large and integrated production systems. The approach was

developed based on a literature review and a case study.

The application of the approach was presented in a case

where several types of pipe bending technology were

evaluated.

Keywords Automation � Advanced manufacturing �
Technology selection � Technology justification � Pipe
bending

1 Introduction

The success and survival of the Norwegian manufacturing

companies is becoming difficult to ensure in the environ-

ment of high labour costs, increasing competition and ris-

ing customer expectations. To respond quickly and

effectively to these problems and maintain a high level of

competitiveness in the global markets, manufacturers are

adopting advanced manufacturing technologies (AMTs).

Implementation of AMT has a key role in the ability of

manufacturing companies to compete on the global arena.

However, empirical studies show varying degrees of

implementation success for AMTs in different companies.

While some studies report significant firm performance

improvements due to the introduction of AMT, other

studies show less successful results [1, 2]. Different failures

in the introduction of AMT have been identified, for

example, technological choice not suitable for given pro-

duction processes, inappropriate implementation proce-

dures, misalignment between the selected technology and

business strategies of the company [3, 4]. In order to

increase the implementation success of AMTs, researchers

have proposed various methods for technology selection

and justification. However, there is an imbalance between

the number of methods being published and the number of

methods used in industry [5, 6]. The extensive number of

academic methods with different levels of complexity

makes it difficult for practitioners to choose the appropriate

ones [6, 7].

In this study, an easily applicable differentiated

approach for justification of AMTs was developed. The

approach is based on justification methods identified

through a literature study. It is a four step filter process,

where each step begins with an evaluation of which
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justification methods that are appropriate to use and ends

with a ranking of potential technology candidates.

The rest of the paper is organized as follows. Firstly, the

theoretical background of this research is provided. Sec-

ond, an approach for AMT justification is suggested

including two weighted scoring models for strategic justi-

fication. The use of the new approach is demonstrated

through a case study. Finally, conclusions are presented.

2 Literature review

The main findings of the literature review are presented

here. The first part deals with common justification meth-

ods, and their strengths and weaknesses. In the second part,

literature on current methods is discussed in terms of the

alignment between the justification methods and levels of

AMT integration.

2.1 AMT justification methods

2.1.1 AMT

In general terms, AMT can be referred to as a variety of

mainly computer-based technologies that are devoted to the

improvement of manufacturing operations, which in turn

leads to enhanced competitiveness of the company

[6, 8–10].

The AMTs are often grouped hierarchically, based on

the level of systems integration [1, 7–9, 11, 12]. This type

of classification links the technologies that have similar

costs, complexity, and impact on the production system

[7, 11]. The categorization of AMTs used in this study is

presented in Table 1.

2.1.2 Common technology justification methods

The most widespread technology justification methods are

classified into four groups: economic, strategic, analytic,

and hybrid methods [1, 13].

Economic justification methods are based on the

assumption that only investments with an expected return

and some minimum hurdle rate will create value for the

company, hence only these projects should be accepted

[14]. There are a number of classical financial techniques

that companies can use to economically justify their

investment. These techniques are characterized as follows

[1, 7, 9, 15]:

(i) Ratio or simple methods: payback (PB) and return

on investment (ROI);

(ii) Discounted cash flow (DCF) or sophisticated

methods: internal rate of return (IRR) and net

present value (NPV).

The most widespread analytic methods are risk analysis

and scoringmodels. The risk analysis techniques are used for

the identification and assessment of risks that stem from

project implementation. They are closely related to financial

methods since the major risks in technology projects often

come from uncertainty about the project’s future cash-flows

[1, 14]. The risk analysis techniques are also differentiated

between sophisticated and non-sophisticated types. The non-

sophisticated techniques include simple risk-adjustment

methods such as decreasing discount rate, adjusting

accounting rate of return, shortening the required payback

period, adjusting forecasted cash flow [14, 16–18]. They are

based on deterministic estimations and intuitive adjustments

to underlying cash-flows or the evaluation criteria [14].

The sophisticated techniques include probability analy-

sis, sensitivity/scenario analysis, simulation and capital

asset pricing model (CAPM) [16–18]. They are derived

from the management science and involve evaluation of the

uncertainties through assigning probabilities to possible

outcomes and producing a range of results, which can be

evaluated for acceptability [14].

Weighted scoring models (WSMs) involve evaluation of

a project with respect to various criteria which have been

assigned weights, and computing the total worth of the

project [1]. Weighted scoring models are often used to

assess strategic characteristics of the technologies. Authors

Table 1 AMT classification by the level of integration

System Characteristic

Stand-alone

machinery

Stand-alone machinery represents individual machines that are not connected to other machines. Computer numerical

control (CNC) machinery and robots are included in this category

Integrated systems Integrated systems represent a group of machines or workstations connected and supported by a material handling system,

computer, and other equipment appropriate to the manufacturing process [37]. Flexible manufacturing cell (FMC) and

flexible manufacturing system (FMS) are included in this category

Fully integrated

systems

Computer integrated manufacturing (CIM) is a full integration level of AMT; it connects all technologies in the

manufacturing process, from design to distribution
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such as Sarkis and Liles [19], Naik and Chakravarty [13],

Chuang et al. [20] and Almannai et al. [21] suggest to use

scoring models for the selection of AMTs. They include

competitive and operational strategies, manufacturing

attributes and market requirements into the scoring model

in order to assess technologies.

In the analytic hierarchy process (AHP) technique,

importance factors are assigned to various criteria in the

same way as for scoring models. However, AHP includes

series of pairwise comparisons, which reduces the incon-

sistences which could be present in the WSM [9].

The strategic methods include analysis of competitive

advantage, business objectives, research and development

objectives, and technical importance [1, 6, 9, 13].

Justification based on business objectives assumes that a

project should be undertaken if it meets the desired goals

for the company, such as automation to increase product

quality or enhance production flexibility. The thinking

behind a justification based on competitive advantage is the

same as for the business objective method; the project

should be undertaken if it gives an opportunity to increase

and sustain some competitive advantages of the company.

A competitive strategy defines for a given business the

basis on which it will compete. Through the literature

review, five general types of competitive performance

parameters manufacturing companies can adopt were

identified [13, 22–26]: cost, quality, speed, innovativeness

(customization) and sustainability. Justification based on

research and development methods assumes that the tech-

nology project is treated as a R&D activity. This means

that the company accepts that the project may fail, but

undertake it anyway because it holds an adequate strategic

promise [1, 13]. Justification based on technical importance

means that the current technology project is a first step for a

crucial follow-up project; some disadvantages connected to

the project can be ignored in order to achieve great

advantages from the follow-up project.

Each of the abovementioned methods has its pros and

cons. A short summary of strengths and weaknesses of

economic, analytic and strategic methods is presented in

Table 2. In order to mitigate the inherent weaknesses of

these methods, some researchers suggest the use of hybrid

methods [27].

Hybrid methods represent different combinations of the

economic, analytic and strategic techniques [28–30]. The

significant amount of research has been centred to combi-

nations of strategic and financial methods. Two schools of

thought have been identified. The first school suggests that

a technology project should be evaluated in two steps.

First, an economic evaluation should be carried out, and if

the project fails to meet financial criteria, a strategic

assessment should be performed [31, 32]. The project

should be accepted if it meets strategic requirements. Such

a hybrid method was suggested by Kaplan [32]. He sug-

gested that annual cash flows should be evaluated using

DCF analysis. If the investment shows positive net present

value, the project should be accepted. If the DCF is neg-

ative, it is necessary to estimate how much the annual cash

flows must increase in order to achieve a positive net

present value. Thereafter, the managers should decide if the

intangible benefits from the technology implementation are

worth the increase in cash flows.

The second school of thought argues that both eco-

nomic and strategic benefits can be quantified. It means

that a single evaluation technique is applied to assess both

groups of benefits. Evaluation models which can integrate

both financial and strategic considerations were suggested

in Refs. [27, 33]. The most widespread evaluation tech-

niques used in this school of thought are borrowed from

analytic methods: weighted scoring models (WSM),

AHP.

2.2 The use of AMT justification tools in industry

We argue in line with authors like Meredith and Hill [12]

that a more comprehensive set of techniques (strategic,

economic, and risk evaluation) is appropriate for large

integrative AMT projects (such as CIM projects) while

economic justification techniques are more appropriate for

smaller projects such as the implementation of stand-alone

machinery. This chapter reviews empirical research to

understand if an alignment between justification methods

and levels of AMT integration can be found in industry.

There is limited empirical evidence to support that the vast

number of technology evaluation methods from literature

are actually used by practitioners. The few empirical

studies found are presented below.

The first issue examined in the literature is the appli-

cation and reliance on strategic techniques for different

levels of AMT integration. Strategic considerations seem to

dominate over financial ones when making decisions about

AMTs, and especially projects with high integration levels

[12, 14, 34]. It should be noted, however, the studies car-

ried out by Small and Chen [6], and Small and Yasin [34]

show that the dominance of strategic considerations over

financial ones does not give higher level of AMT imple-

mentation success. Additionally, Small and Chen [7, 9]

have shown that AMT investment decisions in practice

increasingly involve strategic analysis, but not at the

expense of economic or financial analysis. It means that

companies at least should use financial tools in the justi-

fication process. Moreover, hybrid strategic and financial

methods seem to be more relevant for more integrated

technologies [7, 9], and companies adopting hybrid meth-

ods tend to achieve higher levels of success from AMT

projects [6, 35].
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The second issue addressed in literature relates to the

sophistication of financial and risk tools used for different

levels of AMT integration. Empirical studies show that the

level of sophistication of financial and risk techniques does

not increase with the complexity of the automation

investment project being evaluated [9, 17, 18]. It means

that managers prefer using ‘‘naive’’ financial techniques

more than the sophisticated techniques for both non-AMT,

less-integrated and fully integrated AMT, and simple risk

methods more than complicated risk analysis methods.

Cescon [16] supports this view by comparing AMT to non-

AMT companies; he shows that the level of sophistication

of financial and risk tools is the same for both types of

companies, except for those that are implementing CIM.

It can be concluded that economic and risk justification

methods are used for all three levels of AMT integration,

whilst companies adopting larger integrative AMT projects

rely more on strategic considerations. No clear conclusions

can be drawn regarding the level of sophistication of

financial and risk techniques, but some studies indicate that

more sophisticated techniques are used for projects that

involve higher level of AMT integration.

3 The suggested differentiated approach for AMT
justification

The differentiated approach proposed in this chapter is

based on the needs of the case company and methods and

tools suggested in literature. The suggested approach is

shown in Fig. 1, and it assumes that the automation need

has been already determined and potential technological

solutions have been identified. It is described in further

detail below.

3.1 Step 1: determine the need for strategic

evaluation of technology

In the first step, managers decide if there is a need to carry

out a strategic evaluation of potential technologies.

Strategic evaluation is especially useful for AMTs with

higher levels of integrations, such as FMC/FMS and CIM.

If the technology in question does not require strategic

evaluation, managers can ignore step 2 and instead directly

proceed to step 3 and perform a financial evaluation of

technologies.

Table 2 Strengths and weaknesses of the technology justification methods

Technology justification methods Pros Cons

Financial: PB, ROI, NPV, IRR Ease of data collection [15]

Intuitive appeal [15]

Do not take into account strategic and non-economic

benefits [7, 13, 15, 38]

Ignore long-term benefits by overemphasize short-

term profit [17, 38]

Difficult to quantify appropriate planning horizon

[13]

Strategic: technical importance, business

objectives, competitive advantage, R&D

Require less technical data [15]

Directly tied to the goals of the

company [1, 15]

Extremely judgemental in nature [13]

Necessity to use these techniques with economic and

analytic ones since they consider only long-term

intangible benefits [15, 29]

Analytical: risk methods Provides management with

extended risk-adjusted

capabilities for assessing the

feasibility of the technology [1]

The assessment of risk is frequently subjective in

that it is dependent on management’s attitude to,

and acceptance of, the perceived risk of the project

[39]

Analytical: scoring models Give possibility to measure

tangible and intangible factors

[38]

Possess multiple criteria

considerations, easy to use [11]

Accuracy often can not be achieved because of the

high level of subjectivity necessary in allocating

importance weightings and interrelationship scores

[40]

The weights assigned to each factor are not

measured for managerial consistency [9]

The assumption of linear additivity of the weighted

scores may not be accurate [9]

Analytical: AHP Take into account a wide range of

variables, both qualitative and

quantitative [29]

Correct for managerial

inconsistencies (comparing to

scoring models) [9]

Neglect to highlight a specific contribution level of

each benefit in the model [29]

Time consuming and require a lot of data [15, 29]

Effects of uncertain judgement can still sneak into

the decision-making process [1, 13]
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3.2 Step 2: perform strategic evaluation

In the next step, a strategic evaluation of technologies is

carried out. A sound strategic planning approach is espe-

cially necessary for integrated process technologies such as

FMC/FMS and CIM. Companies that plan to implement

integrated technologies should ensure that the technologies

in question have a good fit with and can support current

strategic business plans. The suggested strategic evaluation

step includes activities to link the competitive strategy with

technology characteristics and compare technologies based

on key characteristics [13].

WSMs are developed to support the strategic evaluation.

Application of analytic justification methods such as WSM

or AHP are important since they give the possibility to

account for qualitative and quantitative variables in a

structured manner. It also gives incentive to top manage-

ment to gather all the technology characteristics needed for

the assessment.

The models are based upon previous research on the

relationship matrices method [13, 19–21]. This particular

method employs matrices to translate a company’s com-

petitive priorities to the characteristics of potential tech-

nologies and subsequently into technological choices (see

Fig. 2). The suggested WSMs are developed in Microsoft

Excel since this is a widely available software application

which is simple to use. Users can easily adjust and modify

the models and no specific programming competence is

required for using and adjusting the models. The two

models, WSM1 and WSM2, are further described below.

(i) Activity 2.1 and 2.2: ranking of competitive priorities

and evaluation criteria

The proposed WSM1 is applied to align company’s

competitive priorities with technology choice criteria.

WSM1 has two axes: the vertical axis represents the

competitive priorities of the company, and the horizontal

axis represents the technology selection criteria. The

intersection of the axes includes an assessment of impor-

tance of technology criteria against competitive priorities.

If there is a relationship between the two, the importance or

‘‘strength’’ of this relationship is added to each cell. The

assessment is done by the decision makers based on their

knowledge and experience.

The definition of criteria can be a complex task due to a

large number of possible criteria and the variation of the

relevance of criteria for technology evaluation in different

companies.

The absolute and relative importance of criteria is cal-

culated in the excel spreadsheet by multiplying the

importance of competitive priorities by the degree of

strength of the relationships between criteria and compet-

itive priorities. The relative importance of the criteria is

transferred to the WSM2.

(ii) Activity 2.3: technology assessment

The WSM2 allows management to examine each pos-

sible technological solution against the technology selec-

tion criteria. This examination can be challenging due to

variations in the format of technology specifications from

potential suppliers. Team members are encouraged to

request and search for necessary information in order to

make balanced and well-grounded decisions.

(iii) Activity 2.4: technology choice

In this activity, the team members choose the tech-

nologies with highest ranking calculated in the WSM2 for

further financial evaluation.

3.3 Step 3: perform financial evaluation

of technologies

In this step, the team members agree upon the level of

sophistication of financial evaluation techniques. Thorough

financial evaluation of the chosen technologies using DCF

techniques (NPV or IRR) as the main measures, and pay-

back analysis as a secondary measure should be performed.

Payback analysis can be used to support DCF techniques.

Technologies that give positive results in terms of NPV and

IRR or satisfy required payback time should be selected.

These top ranking technologies are chosen for the further

risk analysis.

3.4 Step 4: perform risk analysis

In the last step, the team members decide upon the level of

sophistication of the risk analysis techniques to be used for

Fig. 1 The suggested differentiated technology justification approach
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the highest ranked technology. More sophisticated tech-

niques such as probability and sensitivity analysis can be

used for higher level of AMT integration. Adjustments of

underlying cash flows or evaluation criteria can be used for

stand-alone machinery.

4 Application of the differentiated approach

This chapter describes the application of the suggested

differentiated approach for AMT selection in Pipelife

Norge AS. The company manufactures and sells a com-

plete range of pipe systems and accessories for water,

sewage, cable protection and electrical installations. It

provides both standard and tailor-made solutions for

municipal infrastructures, as well as for the industrial and

house-building sectors.

The production of high volume products is mainly

automated, but low volume operations have been consid-

ered too difficult and costly to automate. The combination

of high labour wages, improved accessibility of flexible

AMTs, and decreasing technology prices, has brought

forward the need to evaluate if any of these low volume

operations can be automated.

Several manual operations were evaluated in the com-

pany and the pipe bending process was selected as a can-

didate for automation. The aim of the pipe bending

automation project was to be able to bend different

dimensions of pipes faster, more efficient and with reduced

manual labour. This would also add to the improvement of

workplace health and safety practices by eliminating heavy

manual repetitive tasks.

4.1 The current bending process

The extrusion process of pipes is a continuous process

where the melted material is pressed through a die to form

a pipe. After cooling, the pipe is cut in different lengths. A

complete system of pipes and fittings are delivered to the

customer. Pipeline curvatures are achieved by using curved

fittings which are bent to a set of standard and customized

angles. Curved fittings are produced by bending pipes

which are pre-cut in appropriate short lengths. The portion

of the pipe deformed is heated, and inner supports, such as

sand or pressurized air, are placed inside the pipe. The pipe

is bent to a desired shape with the help of external forms

(see Fig. 3). Finally it is cooled down, and the inner sup-

port is removed.

Pipelife Norge produces curved fittings with 12 different

standard diameters. For each of the produced diameters, the

company offers 3 different wall thicknesses, 4 different

radii of curvature and 8 standard angular deflections.

Approximately 200 different standard curved fittings are

produced in low volumes. The consequence of this variety

is production solutions which require many product-

specific tools, long set-up times, and extensive manual

labour. It was therefore decided to develop a more flexible

and innovative production process.

As a part of research project MIX (effective multi-

variant production in the semi-process industries), several

existing and theoretical technological solutions for pipe

bending were reviewed. Five candidates were chosen for

further analysis (see Fig. 4):

(i) Technology 1: IPM CT bending machine

Pipes with the appropriate dimensions and lengths are

fed into the machine and heated to a specified temperature

with infrared radiant heaters. The heated pipe is placed into

the socketing station where a one- or two-sided socketing

can be done. The heated pipe is gripped, bent and placed in

water-cooled moulds that form the outer shape of the pipe.

An air pressure of 69105 Pa is applied inside the pipe to

prevent deformations. Since the bending process is based

on a special mould for each curved fitting, there is a need to

buy moulds for each variant of the fitting. It was estimated

Fig. 2 Application of WSMs in strategic evaluation
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Fig. 3 Current pipe bending technology used in Pipelife Norge AS

Fig. 4 Potential pipe bending technologies
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that the machine is able to produce approximately half of

the required pipe dimensions. This technology is developed

for a large-scale plastic pipe bending and is readily avail-

able on the market.

(ii) Technology 2: roll bending

The pipe is pushed between three rolls (one bending roll

and two supporting rolls) to give it a needed curvature.

Several bending radii can be obtained from this process

without using any specific tools or moulds, which makes it

very flexible. However, the tests show that this is a process

that is difficult to control. Poor geometrical precision, in

particular with ovality and uneven curvature of the pipes is

among the main challenges.

This technology was developed and its application for

plastic pipes bending was tested on a small scale.

(iii) Technology 3: curved extrusion

The pipe is bent right after it is extruded, while it is still

warm. The bending apparatus is placed directly behind the

extrusion die. The bending is achieved by using segmented

guiding device, which consists of controllable parts. These

parts can be adjusted in order to provide the required

bending contour [36].

This technology was initially developed for aluminium

profiles bending. Application of this method for plastic

pipe bending is in the development stage.

(iv) Technology 4: bending by pressing pipes though a die

In this process a pipe is pressed or pushed through the die

in the shape of the bend forcing the pipe to fit the shape of it.

One die can produce various shapes; however it only works

for one radius and size of the pipe. That is why several dies

for different pipe dimensions should be acquired.

Even though the technology is available, it should be

further developed for the plastic pipe bending processes

where it has never been applied before.

(v) Technology 5: bending by applying torque at both

ends of a pipe (robot bending)

The process relies on the application of torque to each end of

a preheated pipe without using product-specific forms. Torque

can be applied by industrial robots or similar machinery. It is

applied by a gripper mechanism, which is adapted to the pipe’s

outer diameter. A rubber hose with pressurized air is put inside

the pipe to support the pipe cross section.

Robots are readily available on the market and their

application for pipe bending process has only been tested in

the laboratory.

4.2 Strategic evaluation

4.2.1 Step 1: determine the need for strategic evaluation

of the technologies

The technological solutions for pipe bending can either be

developed into an independent production system or

integrated into the existing extruder lines. The technologies

can be placed directly after the extrusion (a possible

solution for technologies 3 and 4) or integrated to the

extruder line by a material handling/feeding system. The

bending technology project can involve the integration of a

large number of machines and have a major impact on

competitive performance. A strategic evaluation of the

technologies has been therefore carried out.

4.2.2 Step 2: perform strategic evaluation

In this step, a strategic evaluation of technologies was

carried out based on the two WSMs described in Sect. 3. In

order to work on the evaluation process, a project team was

established including company representatives from R&D,

technical, and production departments.

(i) Activity 2.1 and 2.2: ranking of competitive priorities

and evaluation criteria

The first WSM was used to align the company’s com-

petitive priorities with technology choice criteria. Firstly,

the team members assigned weights to the competitive

priorities depending on market conditions, customer

requirements and competitive situation (see Fig. 5). The

company is operating in a high labour cost environment

and competing on a global scale. Reduction of cost was

therefore considered top priority, followed by quality and

speed. Pipelife Norge delivers complete pipe systems,

which include some customized parts, and the capability to

customize should also be reflected in the production sys-

tem. Even though environmental performance and safety

are also important for the company, these aspects were

given somewhat lower priority.

Secondly, the team members rated the importance of the

technology selection criteria for each competitive priority.

The ‘‘strength’’ of the relationships between the two cate-

gories was added to each cell. The importance or

‘‘strength’’ ratings ranged from ‘‘not important (0)’’ to

‘‘highly important (9)’’. For example, both throughput rate

and set-up time were considered as ‘‘very important’’ for

cost efficiency. These two factors, especially set-up time,

are also important when producing customized innovative

process and when frequent change-overs are required.

However, throughput rate and set-up time do not signifi-

cantly influence quality and sustainability.

Finally, the absolute and relative importance of the

criteria was calculated in an Excel spreadsheet by multi-

plying the importance of competitive priorities by the

degree of strength of the relationships between criteria and

competitive priorities. The relative importance is the

importance of the technology selection criteria relative to

each other and is calculated as the ratio between the

absolute importance of each criteria and sum of all values
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of absolute importance. The relative importance was then

transferred to the WSM2.

(ii) Activity 2.3: technology assessment

The WSM2 was used to compare alternative technolo-

gies based on the weighted technology criteria from the

WSM1. Similarly to the WSM1, decision makers estimated

the degree to technologies which met the selection criteria

requirements. The ranking from 0 to 9 was used, where 0

meant that a given technology ‘‘does not meet the

requirements at all’’ and 9 meant that it ‘‘meets the

requirements in the best possible way’’.

The scores were given based on the available technology

specifications, and the experience and knowledge of the

project team members. Comparative performance of the

technologies was considered when assigning weights. For

example, the throughput rate for the IPM bending machine

is very high, but in the environment of high product variety

the set-up time is long because frequent changes of moulds

are required. Long change-over times also apply to tech-

nologies 3 and 4, where change of moulds or dies is nec-

essary. Technology 5, robot bending, is somewhat slower

than an IPM CT machine, but on the other hand it does not

require long set-up time; a pre-written program is fed into

robots and the set-up is executed automatically. The need

to change moulds or dies also influences the level of

manpower required, which is lower for technologies 2 and

5 compared to the other technologies. The results of the

ranking of technology alternatives are shown in Fig. 6.

(iii) Activity 2.4: technology choice

In this activity, the team members selected the tech-

nologies with highest ranking calculated in the WSM2 for

further financial evaluation. The technologies 1, 2 and 5

had highest ranking, but it was decided not to include

technology 2 into the further evaluation because of its poor

quality performance; tests showed deformations in ovality

and uneven curvature of the bended pipes.

So the technologies 1 and 5, IPM CT bending machine

and bending by applying torque at both ends of a pipe,

were chosen for further evaluation. These were the tech-

nologies that best met strategic requirements, product

requirements, and requirements of the production process.

4.2.3 Steps 3 and 4: financial and risk analysis

Technologies 1 and 5 were further evaluated using finan-

cial and risk analysis techniques. The robot solution is

associated with higher risk because of the technology

readiness level. The IPM CT bending machine is largely

used in industry for bending of plastic pipes; whilst robot

bending technology has only been tested in the laboratory

and some quality problems with geometrical precision

were identified.

However, the financial evaluation showed that the pay-

back period for the IPM CT bending machine was longer

compared to robot bending; 8 and 4 years accordingly. If

the robot system can operate with the same stability and

reliance as the IPM machine, a robot solution is preferable.

Especially since (as it was mentioned in Sect. 4.1), the IPM

Fig. 5 WSM1, ranking of technology selection criteria

A differentiated approach for justification of advanced manufacturing technologies 265

123



machine is only able to bend 50% of the pipe dimensions,

while robots can bend all the required dimensions.

Technology 5, robot bending by applying torque at both

ends of a pipe, was suggested for implementation in

Pipelife Norge. Further research will be conducted in order

to make additional tests and assessments of this

technology.

5 Conclusions

Manufacturing companies rely on AMTs in order to

increase their competitive position in global markets.

Successful implementation of AMT depends to a large

extent on the technology justification tools used by man-

agers and decision makers. This study investigated the

application of various technology justification tools,

methods, and approaches for different levels of AMT

integration through a systematic literature review and an

in-depth case study.

The application of the approach was demonstrated on a

pipe bending technology selection process in a Norwegian

pipe producing company. A combination of strategic,

financial and risk analysis methods enabled the manage-

ment team to view the technology selection from a more

holistic perspective. The strategic analysis was a vital part

of this technology selection process, since an option was to

integrate the stand alone bending process with the existing

production system. The application of WSMs supported the

evaluation of both tangible and intangible benefits of the

technology and their contribution to achieving competitive

advantages.

Some drawbacks of the approach were noted by the

company representatives and researchers participating in the

pipe bending project. The filtering process might lead to a

early stage disqualification of technologies which in hind-

sight should have been evaluated more thoroughly. The

WSMs are based on subjectively set weights, and no specific

accuracy can be achieved in a strategic evaluation based on

WSM tools. Ideally, all technology alternatives should be

thoroughly evaluated on a strategic, financial and risk level.

This will be too time consuming in most industrial settings.

The differentiated approach enabled the managers to focus

their effort on the most promising technologies for pipe

bending. The case confirmed that a differentiated and step-

wise technology justification approach contributed to a more

systematic selection process.

The lists of competitive factors and technology perfor-

mance factors used in the WSMs are not exhaustive and

can be different from company to company. The proposed

scoring models should be tested more and adjusted in order

to best fit the needs of practitioners. Furthermore, the case

did not provide a clear insight into whether more sophis-

ticated financial and risk analysis are required for higher

levels of AMT integration. Further case research is needed

to test such methods, and identify which methods are

necessary to make valid judgments for different levels of

AMT intergration.

Fig. 6 WSM2, ranking of technology alternatives
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