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ABSTRACT  

Today much of a company’s competitive edge lies in the knowledge and competence found within the 

company. Technology and products are becoming increasingly complex meaning that the way knowledge is 

created and managed is extremely important. The Reactor Technology department at Alfa Laval launched the 

first of their continuous flow microreactors: ART® Plate Reactors in 2007. The product differs from other 

more well-known Alfa Laval products, and sales engineers have the task of promoting and selling these reactors 

to customers around the world. How can sales engineers gain the knowledge and competence necessary for 

promoting and selling the reactors? What challenges exist and what additional sales and marketing tools are 

required for this task?  

A literature study of microreactors, knowledge management and adult learning was conducted. Furthermore 

semi-structured interviews with Alfa Laval staff, sales engineers and customers were carried out to identify 

existing needs and what was expected of the sales engineers. The role of the sales engineers was described as 

presenting and promoting the product to the customer, answering initial customer questions and being able to 

identify if a customer process is applicable to the plate reactors. The challenges described by sales engineers 

and the Alfa Laval reactor technology department included knowing which customer segments to focus on and 

being able to persuade customers of the advantages with continuous flow reactors.   

To meet the need of both explicit and tacit nature of knowledge a two day educational course and collaboration 

site was proposed. The course allows for knowledge conversion involving tacit knowledge through 

socialization, externalization and internalization. The following is to be addressed in the course: background to 

reactor development, introduction to market, product presentation, customer segments, competing 

technologies and the sales process. The collaboration site allows for the conversion and creation of knowledge 

of a more explicit nature, acting as a complement to the course.  

Literature of adult learners showed that important factors to consider when working with adult learners is the 

need to understand the reason for learning and that it has a close link to their task. Additionally their previous 

experience is an important asset for the learning process. Amongst other things the sale engineers will therefore 

have the opportunity to hear experienced sales engineers share customer stories and discuss this together 

during the course. The belief is that the combination of a training course and collaboration site will help extend 

the learning experience. It is advised that follow up meeting between sales engineers occurs, allowing them to 

discuss their learning experience after meeting customers. The results from this report can assist in adult 

education in general and education courses in companies in particular.   

Key words: microreactor technology, continuous processes, knowledge management, adult learning, 

professional development, learning within organizations, professional development  
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SAMMANFATTNING 

Idag ligger mycket av ett företags konkurrenskraft i den kunskap och kompetens som anställda på företaget 

besitter. Teknik och produkter blir alltmer komplexa vilket innebär att det sätt som kunskap skapas och 

hanteras på är viktigt. Reaktor teknologi avdelningen på Alfa Laval lanserade sina kontinuerliga flödens 

mikroreaktorer ART ® Plate Reactors under 2007. Produkten skiljer sig från andra mer välkända Alfa Laval 

produkter och säljare har i uppgift att marknadsföra och sälja dessa reaktorer till kunder runt om i världen. Hur 

får de den kunskap och kompetens som krävs för att marknadsföra reaktorerna? Vilka ytterligare utmaningar 

eller försäljnings-och marknadsföringsverktyg krävs för denna uppgift? 

En litteraturstudie av mikroreaktorer, kunskapshantering och vuxenutbildning genomfördes. Dessutom 

intervjuades anställda på avdelningen, säljare samt kunder för att identifiera vilka behoven var och vad som 

förväntades av en säljare. Säljarnas roll beskrivs anses vara; att presentera och marknadsföra produkten till 

kunden, besvara kundernas initiala frågor och kunna identifiera om kundens process är lämplig för reaktorn. 

De utmaningar som beskrevs av säljarna samt anställda på avdelningen var bland annat att veta vilka 

kundsegment de skulle fokusera på samt hur att övertyga kunder om fördelarna med kontinuerligt flödes 

reaktorer. 

Både explicit (uttalad) och implicit (tyst) kunskap behövs för säljarnas uppdrag. Det förslogs därför att ha en 

två dagars kurs som kompletteras av en samarbetsplattform. Kursen möjliggör för överförandet och skapandet 

av implicit kunskap genom socialisering, externalisering och internalisering. Följande skulle tas upp i kursen: 

bakgrunden till reaktor utvecklingen, introduktion till marknaden, produktpresentation, kundsegment, 

konkurrerande teknik och säljprocessen. Samarbetsplattformen möjliggör överförandet och skapandet av 

explicit kunskap.  

För vuxna studenter är det viktigt att innehållet har en nära koppling till deras livssituation. Dessutom är deras 

tidigare erfarenheter en viktig resurs för inlärningsprocessen. Säljarna kommer därför bland annat ha möjlighet 

att höra erfarna säljare berätta om tidigare kundmöten och kommer sedan kunna diskutera dessa. Fortsatt 

lärande kommer ske genom kommunikation och möten med kunden, därför rekommenderas ett 

uppföljningsmöte mellan säljarna. Slutsatserna från denna rapport kan hjälpa vid vuxenutbildning i allmänhet 

och utbildnings kurser i företag i synnerhet. 

Nyckelord: mikroreaktorer, kontinuerliga processor, kunskapshantering, vuxen pedagogik, lärande inom 

organisationer, professionell utveckling 
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1. INTRODUCTION  

This project was carried out as a master thesis project for the program Master of Science in Engineering and of 

Education at the Royal Institute of Technology and Stockholm University. It was carried out at the department 

of Alfa Laval reactor technology (ALRT).  Alfa Laval (AL) is an international company most well-known for its 

separator, heat exchanger and fluid handling technologies. AL has around 11500 employees with customers in 

about 100 countries.  

The ALRT department belongs to the group Corporate Development within AL, since it is working with a new 

innovative product, namely chemical flow microreactors, and therefore not yet part of AL line organization. 

These microreactors are named Alfa Laval ART® plate reactors.  

1.1 Background  

In 2002 the developing of ALRT began. In 2007 the first continuous flow reactor was introduced to the market 

with the first order being received one year later. Today a series of three different sized reactors exist under the 

common name ART® plate reactors. Focus has been on selling the reactors to pharmaceutical and fine 

chemical industries in Europe and USA. Generally the sales of AL products, including promotional activity, is 

handled primarily by AL sales engineers (SE) belonging to different sales companies (SC) around the world 

with departments at AL acting only as a support. The ALRT department has however taken a more proactive 

role in the sales process, but hope to be able to lay more and more responsibility on the SC. Simply they hope 

that SE will be able to act as spotters, being able to identify possible cases applicable for the reactors and 

present and promote the reactor to the customers, and mainly require support when the customer has 

questions of a more technical nature, i.e. finding the most optimal way to carry out a customer’s process in the 

reactor. Today it is predominantly in Europe that SE work with the sales of the reactor while also selling other 

AL products. Generally AL’s SE have a background within chemistry and/or thermal engineering, meaning 

there are SE who have studies chemistry at university level.  

Previously AL had a central unit responsible for educational training courses, however in order to increase the 

courses relevance and connection to the customer, training responsibility was laid on the different departments 

at AL. It is now their responsibility to identify the competence needs and develop and implement educational 

courses that addressed these needs. AL work with training in four different areas; management and leadership 

training, sales and marketing training, general training of AL personal, training within AL current focus areas.  

The uniqueness and newness of the reactor technology compared to other AL products means that SE need to 

gain competence and knowledge in this area. The ALRT department wanted to identify what needs (in the way 

of educational training course, material and informational material) the SE wanted and needed to facilitate their 

task of selling the reactors. Currently such things as manuals, customer presentations, PD leaflets with case 

stories exist. The latest well attended educational course was held in 2007.    

Naturally there are various factors which affect the sales of the reactors, and not only educational and 

informational need. The main one being that continuous flow reactor technology is relatively new to the market 

and customers.  

1.2 Purpose 

The first aim of the project is to find ways to improve educational and informational sharing between ALRT 

department and the SE in order to increase the knowledge and competence basis of SE so as to facilitate 

increased sales efficiency. A second aim is to identify additional educational material or informational material 

needs to facilitate the sales of the reactors.  

1.3 Research questions  

 What improvements to the educational activities, information material and communication 

method do the SE and ALRT department identify will lead to increased sales of the ART® plate 

reactors?  
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 Based on the identified improvements what strategies for educational activities and information 

sharing primarily between ALRT and SE should be implemented in order to help SE with their 

job of promoting and selling the ART® plate reactors? 

Furthermore the development of educational /informational material should be started.  

1.4 Project plan 

Figure 1 illustrates the project plan for this master thesis. Since AL ART® plate reactors build on continuous 

flow microreactor technology literature studies and discussing with staff at the ALRT department about 

microreactor technology will be done. Following this a literature study of knowledge management in businesses 

as well as adult education will be conducted.  

Interviews with staff at ALRT department and other departments at AL will also be conducted to gain insight 

in for example what the challenges seem to be, what they would like included in a possible educational course 

as well as how training is being conducted in other parts of AL. Studies of previous training at ALRT 

department and current training at AL will be done. Interviewing customers and SE will allow the study and 

identification of customers’ expectations on SE, the challenges SE face and identify what SE need to facilitate 

their job.  

Following the gathering of information and empirical data an analysis of these compared to the literature study 

will be conducted followed by a discussion and defining what strategies should be implemented. Then based on 

these the development of an educational program and material will be done. 

This report has been divided into two parts. The literature study, interviews and study of educational programs 

and material and analysis of results makes up Part 1. The strategies and development of educational program 

and material will make up Part 2 of the report.  

 

 

Figure 1: Project plan 

1.5 Delimitations of the study  

Many factors can affect the sales of the reactors, such as the economy, marketing strategy of SC and size of 

potential market. These factors can not directly be addressed by an educational program or improved 

information sharing and were therefore not taken into account. Furthermore many of the traditional learning 

theories are related to learning in young people and therefore not addressed in this study, since focus lies on 

adult learners.   
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PART 1 

2. MICROREACTOR TECHNOLOGY 

2.1 Background 

Microreactors are continuous flow reactors where a variety of designs and channel sizes exist. Traditionally 

microreactors were seen as devices with channel sizes in the order of micro meters, however today the term 

usually refers to reactors with a channel size ranging from sub-micrometers to millimeter size. In this report the 

term microreactor will refer to reactors with this range of channel sizes, unless specified otherwise. AL ART® 

Plate Reactors are microreactors with channel size in the millimeter range. 

Micro engineered reactors were in part developed from the advances in micro electromechanical systems 

(MEMS) which used “fabrication techniques developed for microelectronics to construct sensors and actuators 

but now encompasses a wide range of materials and micro fabrication” (Jensen, 2001 p.294).  The idea was to 

have integrated functionalities in a very small unit, as is the case with an electronic chip (Lindberg, 2012). The 

first application of microreactors was for analytical purposes, with the microfabrication of gas chromatography 

in the 1970s (Gavriilidis, Angeli, Cao, Yeong & Wan, 2002).  

In late 1980s development of micro total analysis systems (TAS) started, system that includes not only 

microreactors for chemical reactions but units that contain even filtration, mixing, separation and analysis at a 

microscale (Ehrfeld et al., 2005). In the 1990’s research into the potential use of microreactors within mainly 

chemical research was started. Since then the potential use of the reactors within other areas of chemistry, 

mainly within pharmaceutical and fine chemical industries was being carried out and degree course in the 

subject were developed (Watts & Wiles, 2007). The increased interest and importance of the microreactor 

technology can be seen with the start of an annual conference for microtechnology and the founding of 

Industrial Platform of Modular Micro Chemical Technology which address the industrial application of the 

microprocesses (Jähnisch, Hessel, Löwe & Baerns, 2004). Outside forces that encouraged the penetration of 

the microreactors into the market included the increased need for sustainable development, increase 

environmental regulations and manufacturing which needed to adapt to the rapid business changes (Gavriilidis 

et al., 2002). Microreactors were further developed to include embedded heat exchangers, i.e. where a reactor 

and heat exchanger are combined in the same unit. Currently a wide variety of different microreactors exist, 

including falling film reactor and multiple stacked reactors. Microreactor technology is used within fine 

chemistry and pharmaceutical industries with focus on exothermic reactions where efficient heat transfer is 

important (Ehrfeld et al., 2005).  

2.2 Technology 

2.2.1 Principle 

The general configuration of microreactors can be described as microstructure- element- unit- device- setup. See Figure 

2. Microstructure is the channel structures found in the microreactors, with a region for inlet and outlet flow. It is 

into these channels that reactants get injected and it is here that the reaction occurs as reactants flow through 

the channels. They operate in plug flow conditions. Within the channels the flows are mainly laminar (Reynolds 

number between 1 and 1000). In laminar flow the flow is steady and movement across streamlines only occur 

due to diffusion on a molecular scale. The combination of the channels is called element. An element cannot in 

itself work as a microreactor but needs to first form a unit; which is a combination of element, fluid lines and 

material for support. A device is when the unit is embedded between two end caps together with connection to 

such things as pumps and analysis equipment.  Finally setup is the connection of these devices in serie or 

parallel, usually with the connection of microrectors to larger equipment (Ehrfeld et al., 2005).  
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Figure 2: Hierarchic assembly of microreactors (Ehrfeld et al., 2005) 

2.2.2 Characteristics  

The quality of mixing in a reaction is an important factor since the selectivity and conversion of a reaction is 

dependent on this. Especially if the rate of reaction is greater than the rate of mixing. In microreactors it is 

predominantly laminar mixing that occurs (since fluid flow is within the laminar region), namely mixing 

through diffusion between fluids (Hartman et al., 2011).  

Within a reactor mixing occurs at different levels and was divided into macro-, meso- and micro-mixing by 

amongst others Bourne, Villermaux (Habchi et al., 2011). Macro mixing being the level of homogeneity 

(mixing) reached at the reactor scale, i.e. across the entire rector. This mixing is usually described using the 

residence time distribution method (Habchi et al., 2011). Meso mixing is the next level of mixing and can be 

described as the creation of eddies in turbulent mixing or the splitting and reunion of fluid during laminar 

mixing (Ehrfeld et al., 2005). Micro mixing is mixing at the smallest level, and includes the “ultimate molecular 

diffusion” (Kukukova et al., 2009, Torbacke & Rasmuson, 2004, p.3107). Miniature mixers, known as micro 

mixers exist as both active and passive mixers and can be part of the microreactors or a separate entity.  Active 

mixers need external energy source while passive mixers use the energy in the liquid flow to cause mixing. 

Sieve-like structures with regular holes use for example the splitting and then recombination of a liquid flow to 

induce mixing. Micro mixers, where reactants are usually mixed before entering the microreactor include for 

example microjet mixers where reactants are sprayed through nozzles before colliding and mixing (Ehrfeld et 

al., 2005, Jähnisch, 2004). Static mixers have special shaped stationary blades which results in the mixing of 

liquids as they are pumped through. These mixers are suited for a wide range of viscosities (Coulson & 

Richardson, 1999). 

Microreactors have a high mixing efficiency this in part due to the shorter diffusion times because of the 

smaller dimensions. In fact the diffusion time (t) depends on the diffusion constant (D) and diffusional path or 

channel width (L) (Asano et al., 2010); 

  
  

 
 

Additionally to producing homogeneity, mixing also promotes heat and mass transfer (Coulson & Richardson, 

1999). Mass transport is important to consider because it is important that reactants meet in order to be able to 

react. Furthermore to avoid competing reactions from having the time to occur it is important that uniform 

concentration is achieved (Hartman et al., 2011). Linked to mass transport is how long time elements remain in 
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the reactors namely residence time distribution. It is important that reactants remain equally long in the reactor 

to avoid different degrees of conversion.  

The rate at which generated heat is removed or heat needs to be applied is another important factor in order to 

control the reaction. Heat is either generated during an exothermic reaction, or absorbed during an 

endothermic reaction. Efficient heat transfer reduces the chance of side reactions occurring and reactions 

getting out of control since the formation of hotspots is reduced (Hartman et al., 2011). Rate of heat transfer in 

exothermic reaction is dependent on several factors including the rate at which heat is generated and also 

removed to the reactor wall and surroundings through convection or conduction (Hartman et al., 2011). In 

laminar flow a small channel diameter means greater heat transfer (Hessel, 2009, Jähnisch, 2004). An integrated 

reactor and heat exchanger can enhance the efficiency of heat transfer further. 

2.2.3 Manufacturing of microreactors  

Microreactors can be made of a variety of materials from silicon, glass, stainless steel, different polymers to 

ceramics. The choice of material depends on the reaction that will be carried out and what rector and channel 

design is wanted, since this determines what manufacturing process will be needed. Some general 

manufacturing processes used are anistropic wet etching, dry etching and LIGA process (Hessel, 2009). 

Ceramic materials withstand high temperatures (up to 1000 

C) and no binding of catalysts occurs. However 

only limited technologies can be used when manufacturing different designs of reactors made of ceramics. 

Polymer material does not withstand such high temperatures and pressures and is therefore mainly used within 

biotechnology and medical research and development. Glass has the special advantage of being transparent, 

facilitating the observation of a reaction process. A range of metal material exist and therefore a range of 

properties exist, from good thermal and electrical properties to chemical inertness. Silicon has the special 

advantage of having a high integration of temperature sensors which allows local heating, so the entire 

microreactor does not have to have the same temperature.  

Actors in the market of microreactor technology include Ehrfeld Mikrotechnik BTS and Corning who are two 

large actors in the microreactor technology sector. Also Micronit Microfluidics which focus on developing glass 

based lab on chip products exist. They have some partnership with FlowChemistry, who also focuses on flow 

chemistry. They even offer courses at some European universities in flow chemistry field. Uniqsis was founded 

only a few years ago and has its main customers in the research and biopharmaceutical sector. Syrris produces 

products both for the batch and continuous flow process. Velocys focus is on the fuel sector and are known 

for producing reactors that can carry out the fisher tropsch process (where liquid fuels, like diesel are produced 

from coal). Finally Alfa Laval produces continuous flow reactors known as plate reactor technology. These 

reactors do not have channels in the micro range but rather millimeter range. Alfa Laval’s reactors are described 

in more detail in section 4 of this report.  

Examples of customers of the microreactor technology include Switzerland-based Clariant, Sigma Aldrich 

subsidiary SAFC, Germany's BASF and Evonik Industries, Netherlands-based DSM, US-based DuPont, and 

pharmaceutical companies Schering-Plough, Sanofi Aventis, Roche, GlaxoSmithKline, Novartis and Astra 

Zeneca.1 Majority are within fine chemical producers and pharmaceuticals.  

2.3 Batch reactors compared to microreactors 

Microreactors carry out continuous process as oppose to traditional batch or semi-batch processes which are 

common ways to carry out processes in fine chemical and pharmaceutical industries today. Batch processes 

being when reactants are added into a tank and left to react in a closed system. The product is then removed 

after the completion of the reaction. Mixing is carried out mechanically and aims to produce a homogenous 

temperature and concentration throughout the reactor (Danielsson, 2003). 

 

                                                        
1 http://www.icis.com/Articles/2009/05/04/9211877/microreactors-gain-popularity-among-producers.html [6 
September 2012] 

http://www.ehrfeld.com/english/
http://www.icis.com/Articles/2009/05/04/9211877/microreactors-gain-popularity-among-producers.html%20%5b6
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Semi-batch process, used to control exothermic reactions involves the addition of reactant stepwise to the tank 

(which already contains the other reactant), during the reaction. Another version is where the product is 

removed during the reaction. Reactions are better controlled than in a batch process since either reactants or 

products can be added or removed during the reaction, which can force the equilibrium to the desired 

direction. Even here mixing creates a uniform concentration and temperature distribution (Danielsson, 2003). 

 

The principle of the continuous processes is however that the reactor is a totally open system with an in and 

out flow. Reactants are pumped into a reactor and products are being produced continuously as the reactants 

react inside the reactor, and are then removed from the reactor.  Residence time in microreactors is equal to 

reaction time in batch reactor (Danielsson, 2003).  

Since many of today’s chemical industries use batch and semi-batch process what limitations and advantages 

exist with using microreactors and the continuous flow processes instead?  

2.3.1 Limitations with microreactors 

Batch processes have the major advantage of being more flexible and versatile in comparison to continuous 

processes. Flexible in the sense that it can better “accommodate miscellaneous reaction kinetics” and variations 

in raw material and versatile in the sense that various reaction phases can be carried out as well as “downstream 

operations such as distillation, liquid-liquid extraction, and crystallization” (Roberge, Ducry, Bieler, Cretton & 

Zimmermann, 2008, p. 318). So a production plant using batch technology is often a multipurpose plant. 

Implementing microreactor technology in these plants will require individually designing of each specific 

process (Afonso & Crespo, 2005). Furthermore batch processes have been used for a long time, so the process 

is well studied, familiar and established compared to microreactor technology (Jähnisch, 2004, Roberge et al., 

2005). This can make industries reluctant to implement the technology (Jähnisch, 2004). That there is a lack of 

real life examples of the implementation of microreactor technology in process industries, because of 

confidentiality reasons further impedes the implementation of the technology (Afonso & Crespo, 2005). 

 

In some cases chemical processes need to be tailored or changed to be better suited for microreactors. This 

includes changing the peripheral equipment and settings surrounding the reactor as well as operating 

characteristics such as temperature and flow rate etc. (Hessel, 2009). Since “dominant forces in microscale are 

different” this can pose a challenge when the processes are being adapted to suite microreactors (Gavriilidis et 

al., 2002, p. 4). The surface acting forces become more important because of the high surface to volume ratio 

while volume acting forces become less significant (Gavriilidis et al., 2002). However it is important to note that 

sometimes the changes that need to be made can be positive. Additionally finding pumps and other auxiliary 

equipment that can handle the wanted flow rates is challenging. 

Fouling and blockage by solids are other limitations with the microreactor technology, since the volumes are 

smaller than in batch. The effect of fouling include poorer heat transfer and reduced working volume (Ashe, 

2012). To avoid this, measures related to: chemistry, equipment or process used can be taken. For example the 

addition of additives and working at higher temperatures usually increases solubility thereby preventing fouling. 

Furthermore using pumps that can handle pressure increase because of fouling should be used and plans for 

cleaning the reactor should be made regularly (Kockmann et al., 2008). Ultrasound technology has also shown 

to be able to remove and prevent the formation of solids (Calabrese & Pissavini, 2011).  

2.3.2 Advantages with microreactors 

Efficient heat and mass transfer 

However the larger volumes in batch processes require more mixing and heating time before reaching the 

desired state. Microreactors can also have much better heat transfer qualities “with heat transfer coefficient of 

the order 6 x 10-4 W m-2 K-1 compared with ~100 W m-2 K-1  for batch vessels” (Watts & Wiles, 2007, p. 6512). 

This means that even very exothermic reactions can be carried out safely and that one usually does not need to 

wait after the addition of each reactant (Hartman et al., 2011). Microreactors specific surface area of between 

10000 – 50000 m2m-3 compared to around 100m2m-3 in traditional laboratory and production vessels is another 
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reason for efficient heat and mass transfer of microreactors (Jähnisch, 2004). Reactions carried out in batch 

may be performed at lower temperatures and lower concentrations in order to compensate for poor heat 

transfer and mixing. This can be viewed as operating a reaction inefficiently.  

 

Smaller reaction volumes  

The smaller volumes of microreactors compared to batch means that less volume of reactants may be required. 

This is especially beneficial for process where small amounts of reagents are present, as in drug development 

(Valera et al., 2010). Handling of hazardous material is also made easier and with increased safety. Furthermore 

operations can be started and stopped rapidly and respond times are much faster, i.e. faster cooling possible.  

So generally better monitoring and control of pressure, temperature, residence time and flow rate because of 

the smaller volumes (Asano et al., 2010). Better process control also leads to the fact that the number of 

reactive steps in a long synthesis process can be reduced (Commenge, 2002). A combination of all these factors 

leads to reactions being carried out in microreactors generating products with better yield and selectivity than in 

batch reactions (Afonso & Crespo, 2005, Hessel, 2009). Higher selectively means fewer byproducts need to be 

separated from the final product and that less amounts of reactant is required to reach the desired amount of 

final product. This reduces environmental impact of the process (Afonso & Crespo, 2005). 

Distribution of production  

That the reactors take up a small space means smaller industrial plants need to be built and therefore 

distribution of production is possible (Afonso & Crespo, 2005, Ehrfeld et al., 2005, Hessel, 2009). Being able to 

carry out production either where the raw materials exist or where produced chemical will be used reduces the 

need for transportation of reactant, product and chemicals between sites. This does not only reduce costs but 

can also improve safety, since the transportation and handling of hazardous chemicals is reduced. Less 

transport also decreases unproductive time. Within petrochemical, feedstock is found in remote places and 

therefore building large plants there is difficult.  

This can be linked to process intensification, where the aim is to achieve process miniaturization in order to 

provide process flexibility, just-in-time manufacturing capabilities and possibility for distribution of 

manufacturing (Coulson & Richardson, 1999).  

Easy scale up through numbering up 

Additionally microreactors allow for easy scalability. Unlike scale-up in batch process where “process must be 

rethought in order to achieve the same results” 2 (since for example the heat transfer will depend on the size of 

the vessel and agitation) each stage can be kept pretty much equivalent. The reason for this being that 

numbering up, through combining several units, rather than scale up is used to increase the volume meaning 

the benefits of each basic unit is retained (Afonso & Crespo, 2005). Easy scalability may result in reduced costs 

and chemical products can be introduced quicker to the market (Ehrfeld et al., 2005, Hartman et al., 2011, 

Hessel, 2009). 

New types of reactions 

Microreactors allow for reactions that earlier were too dangerous or not possible to be carried out. The fact 

that microreactors allow for very different processes means that chemists have the possibility to improve, alter 

and test new applications, reactions and operating methods. For example reactions with toxic and explosive 

substances now have the potential of being carried out. Also use of supercritical solvents, solvents where no 

distinct difference between liquid and gas phase exist, is possible which makes many synthesis possible 

(Hartman et al., 2011, Watts & Wiles, 2007). This opens a window of new possibilities or novel process 

windows, where processes can be carried out in a totally new way. An impressive example is according to 

Alfonso & Crespo the “direct fluorination of organic compounds by element fluorine” (Afonso & Crespo, 

2005, p.37). 

                                                        
2 http://www.alfalaval.com/campaigns/stepintoart/advantages/competitive-steps/pages/competitive-steps.aspx 
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Economic advantages  

A large deciding factor when considering whether to work with reactor technology is whether or not money 

can be saved. Since process vary from each other it is difficult to get a general picture over what the economic 

benefits are, and if there are economic benefits in the first place. According to one review it is not often cost 

saving that is the driving force when considering the implementation of microstructure devices (Kockmann et 

al., 2008). While another states that microreactor technology is “considered to be one of the key technologies 

towards economic success” (Afonso & Crespo, 2005, p. 43). 

In the pilot production the ability to scale-up without any major difficulties “is a strong incentive for the use of 

microreactors in terms of time, quality and cost” (Roberge et al., 2005 p. 320). However according to the same 

source in the case of capital expenditure there is no reduction in cost in comparison to batch. Operating costs 

can however be reduced. Operation cost includes labour costs, raw material cost and cleaning. To increase cost 

saving increased “yield improvement or reduced labour costs, as a result of automation is necessary” (Roberge 

et al., 2005 p. 322). Decreasing the amount of catalyst and solvent needed can also reduce costs.  

 

2.4 Application areas for microreactors  

2.4.1 Generally  

Microreactors are used within the fine chemistry, pharmaceuticals, petrochemical and functional chemistry 

(Afonso & Crespo, 2005). The main reasons for this being that microreactors have such efficient heat and mass 

transfer and the process can be controlled well. Microreactors can be used from pilot scale research, 

intermediate scale production to large scale production depending on the channel size of the reactors. It is their 

ability to control conditions well and easy scale up that makes them attractive in use in pilot scale (Hartman et 

al., 2011, Valera et al., 2010). Furthermore microreactors with channel sizes in the micro range are used for 

analysis since small volumes are required. Use of microreactors for process development corresponds to 

intermediate scale production, for example synthesis for early clinical studies since very large amounts do not 

need to be produced (Afonso & Crespo, 2005). 

Generally microreactors are suited for fast highly exothermic or endothermic reactions, reactions with 

intermediates that are unstable and reactions which involve hazardous reagents (Afonso & Crespo, 2005, 

Jähnisch, 2004) Microreactors have currently been used to carryout both homogeneous and heterogeneous 

reactions. Homogeneous reactions being here liquid or gas phase reactions. Both these reactions benefit from  

the heat transfer efficiency and good mixing. Also the high selectivity is beneficial of the complex side reactions 

that can occur. However consideration to pressure drop during liquid phase reactions must be done (Ehrfeld et 

al., 2005). Heterogeneous reactions include solid- liquid and gas-liquid reactions. A challenge with 

heterogeneous reactions is causing good mixing between the two phases. Using falling film microreactors is a 

way of improving the mixing (Ehrfeld et al., 2005). Even though the study of the use of microreactors within 

photochemical reactions is limited, it exists. The thin layers existing in microreactor allow for very good 

penetration of light to the solution and so the energy provided by light is used more efficiently (Jähnisch, 2004). 

Generally it is reactions with slow kinetics that are not suitable for microreactors (Ehrfeld et al., 2005, Hartman 

et al., 2011). The reason for this being that the mixing and heat transfer found in batch vessels is sufficient and 

changing to microreactors would not accelerate the reaction rate. Furthermore reactions where macroscopic 

mixing is dominant as oppose to mixing through diffusion are not so suitable in microreactors (Valera et al., 

2010). Finally limitations exist when running reactions that are not homogeneous, because of additional 

complexity, for example in the mixing and solubility of reactants as well as possible precipitation (Ehrfeld et al., 

2005). 

2.4.2 Methods for determining processes suitable for microreactors   

To understand and decide which reactions and process that would work well with microreactors and 

continuous processes can be difficult. However the literature study showed some ways for determining whether 

a process would benefit from and be compatible for a microreactor. Here follows a description of three of the 
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methods.  Generally they all look at the “underlying transport process and chemical kinetics that govern a 

desired reaction and reactor combination” (Hartman et al., 2011, p. 7053).  

Suitable reactions based on time 

Roberge et al. discusses three types of reactions that are suited for the continuous process found in 

microreactors. The first types of reaction are extremely fast reactions with a half-life less than 1 s and where the 

mixing process controls the reaction time. The efficient mixing and heat and mass flow factors of the reactor 

favours these reactions. An example of this is Grignard type reactions. Reactions with very reactive species 

such as bromide and chlorine would also benefit from microreactors, since their reactions are fast. Reactions 

occurring between 1s-10min and predominantly controlled kinetically are the next type of reaction. Amongst 

other things the microreactor allows for control of reaction temperature as better control of heat flow is 

possible. Finally even slow reactions with a reaction time greater than 10 min would benefit from continuous 

process, even if their kinetics better suit batch process. The reason for this being that continuous processes 

allow for a greater safety and quality of product.  Also processes “requiring short exposure to high 

temperatures or pressures” would benefit since this is difficult to accomplish in batch processes (Roberge et al., 

2005, p. 319 ). 

Suitable reactions based on mixing, heat exchange and dispersion 

Hartman et al. has included a decision roadmap to look at when considering whether to use continuous 

chemistry (See Figure 3). The decision is based firstly on what the goal of the experiment is: discovery or 

process chemistry. For discover good mixing and heat transfer is not so important, since the aim is to find what 

is being produced in a reaction/ if we are getting the product we wanted to produce. In this case the 

continuous flow reactor is advised if for example variation of temperature and residence time also exist. 

When deciding whether continuous flow reactors are important in process chemistry the first question to ask is 

how important mixing is for the reaction. The Damköhler number (Da) is the ratio between reaction rate and 

mass transport rate and gives an indication of this. If Da>1 (when reaction is performed in batch) the reaction 

rate is controlled mass transport therefore mixing is important. In electrophilic substitution and oxidation the 

mixing was able to prevent the formation of by-products and hence increase the yield (Hartman et al., 2011). 

Secondly a decision based on how important the removal of heat is, is made. When β>1 when the reaction is 

carried out in batch then the removal of heat is an important factor and therefore continuous flow chemistry 

would be advised. This is because β is the ratio between heat generated by the reaction and heat removed from 

the batch reactor. During the dediazoniation (removal of N2 group) of aromatic amines the removal of heat is 

important to prevent degradation of the product. In order to reduce by-product formation during oxidation of 

benzyl alcohol to benzaldehyde better heat removal is also needed. Doing this gave a 98% yield at 70C instead 

of being performed at -78C in batch (Hartman et al., 2011). 

Finally the bodenstein number (Bo) and Peclet number (Pe), two dimensionless numbers related to the effect of 

mixing on the process. Pe is the ratio between transportation by advection (bulk flow) and transportation by 

diffusion (Hessel, 2009). Small Pe means transportation by diffusion is dominant, therefore continuous flow 

reactors is advised.  
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Figure 3 : Flow chart used to determine if a process is suitable for continuous flow reactors (Hartman et al., 2011, p. 
7516). H-X stands for heat transfer, flow represents continuous flow microreactors and batch represents batch vessels. 

Suitable reactions based on certain characteristics 

Calabrese & Pissavini method for assessing whether a reaction would benefit or be applicable in a microreactor 

is based on simple questions which are divided into 3 zones. If answers to questions in zone 1 are yes then 

carrying out the process with continuous flow chemistry has no benefits or is perhaps not even doable. The 

questions include whether the pressure and temperature of the process exceeds what the reactor is compatible 

for. However at times the pressure and temperature needed to run the process effectively in microreactors may 

be lower than what was required in batch, meaning the process actually is doable in the reactors. In the next 

zone there could be a benefit with using continuous flow chemistry but this may come with technical 

difficulties. The questions here are about whether solid reactants are present and if gas reactants exist. The 

presence of these can cause technical difficulties when carrying out the process in continuous flow chemistry. If 

the answer to questions in zone 3 is yes than there are advantages to using continuous flow chemistry. The 

questions are about whether the reactions are;  

- Highly exothermic 

- Have unstable intermediates 

- Have toxic reactants or by products 

- Rapid mixing needed  

- Precise stoichiometric control needed 

- Fast kinetics 

- Over-reaction possible (Calabrese & Pissavini, 2011). 

These characteristics that benefit from continuous flow reactors are similar to those found in the earlier 

methods for decision making.   

2.5 Research and development in the area of microreactors 

The areas of research for microreactor technology include amongst others; improved ability to analyze samples, 

study of catalytic process within a reactor and use of microreactors for synthesis of nanomaterial.  
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Being able to collect and analyze samples from the reaction rapidly is seen as an important step in order for 

microreactors to gain popularity (Hartman et al., 2011). So development of detectors that can be used together 

with microreactors is being done. Furthermore the possibilities of using “quantitative inline analytical technique 

that do not require separation, such as in-line [Fourier transform infrared spectroscopy] FTIR and flow 

[nuclear magnetic resonance] NMR” are being looked in to (Jensen & Nagy, 2011, p.18).In the future 

microreactor systems which are self-optimized through computer control will be developed.  Additionally there 

is a desire that in the future one micro-unit will be used to carry out the reaction and even the separation and 

analysis (Hartman et al., 2011). 

Jensen’s research group in Massachusetts Institute of Technology (MIT), who have long been working in the 

area of microreactors, are also studying the immobilization and recycling of catalysts used in microreactors. 

They are looking in to catalysts not only having to be found on beads but being directly applied to the surface 

of the channels or the reactor itself being made of the catalytic material (Jensen & Nagy, 2011).  

Nanomaterial synthesis in microreactors is also being researched by Jensen’s research group. Nanomaterial is 

increasing in popular as more and more areas of use are being found. Additionally an increase in publications 

about the continuous production of nanoparticles exist (Drobot, 2012). The production of nanomaterial in 

batch processes have the limitation of size distribution and varied quality of material produced in different 

batches. The Jensen’s group sees that changing to continuous flow production can eliminate these limitations 

while having the additionally benefit of improved heat and mass transfer which enables reactions to be carried 

out in more aggressive conditions.3                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  

                                                        
3 http://web.mit.edu/jensenlab/research/nanomaterials/index.html [visted 31 may 2012] 

http://web.mit.edu/jensenlab/research/nanomaterials/index.html
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3. ALFA-LAVALS PLATE REACTOR TECHNOLOGY  

 

3.1 Development of ART® Plate reactors 

The reactor technology at AL developed out of customers’ need for new methods for carrying out mainly 

exothermic processes. Customers were currently using mainly batch processes which were time consuming as 

reactants were added slowly to accommodate for the exothermic reactions. The development of the reactor 

technology is based on the plate heat exchanger (PHE) technology, well founded at AL, with the characteristic 

of having cooling on one side and heating on the other side. One could say that they developed an integrated 

reactor and heat exchanger. The PHE technology allows for high heat exchange and configurability however 

the short residence time, poor plug flow, mixing and accessibility are the limits of this technology. The changes 

made to the PHE in the development of the plate reactor technology included replacing the utility plates with 

sealed utility plates and creating process channel plates. These plates increase residence time and improved 

mixing.  

Currently AL has a series of reactor technology plates; ART LabPlate, PR37 Plates and PR49 Plates. The ART 

LabPlate is used mainly for pilot tests or for testing whether ones process is compatible with the plate reactor 

technology. The remaining reactors are used both in pilot tests, process development and industrial production. 

Within each series plates different channel sizes exist and hence different volumes and flow-rates. Table 1 gives 

an overview of this. An increased flow volume is achieved by scale up through using plates with increased 

channel size and not only through numbering up (connecting more units). Though the channels of the reactors 

are not of micrometer size they are still so small so that the plate reactors exhibit similar characteristics to the 

microreactor technology, with fluid flow through the channels being laminar. Operating temperature can range 

from -40-2000c and pressure between 0-20 barg. The construction material used is stainless steel and hastelloy 

C22. Hastelloy has high corrosion resistance and resistance to a wide variety of environments, including those 

where oxidation and reduction occurs.  

Series 

Minimum 
Cross- 

section area 
(mm2) 

Volume (ml) 
Flow-rate 

range (liters/ 
hour) 

LabPlate 0,85 3,5 Up to 0.040 

PR37 plates 

3 13,6 

Up to 32 6 24,9 

12 47,7 

PR49 plates 

48 450,4 

Up to 1500  180 833.3 

680 1485 
Table 1: Summary of AL ART® plate reactor series. 

At present the reactors are suited for single phase liquid-liquid reactions with both miscible and non-miscible 

fluids as well as gas-liquid reactions. As was the case in microreactors, effective heat transfer allows for highly 

exothermic reactions to be carried out in the plate reactors.  A maximum of 10 plates in the PR37 and 10 plates 

in the PR49 series can be connected to increase residence time and hence the reaction time possible. However 

reaction times are still relatively short compared to those of reactions that could be carried out in batch, mainly 

because an infinitive number of plates cannot be connected. Furthermore the effects of pressure drop can be 

higher in these reactors compared to batch reactors, especially where reactants or products have high viscosity.     

Some customers of the plate reactor technology of Alfa Laval are within fine chemistry and pharmaceutical 

industries like AstraZeneca, Pfizer and BlueStar.  They are used in the pilot production phase, process 

development phase and commercial production phase. Literature study shows that in addition to these 

industries even “food, personal care and consumer care industries” are beginning to take up microstructure 

reactor technology (Hessel, 2009). 
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3.2 Description of design of PR37 Series 

The LabPlate reactor and PR37 Plate reactor have similar designs. Figure 4 is a sketch of the plate reactor 

cassette in the PR37 series. The cassette consists of the following main parts; 

1. Process channel plate: The reactants are injected through inlet ports and flow through the channels 

where they react before removal at outlet ports. The process channels on the plate are designed to give 

effective mixing and good plug flow. The serpentine shape of the channels and shifting cross-section 

area of the channels causes vortices that reverse direction, resulting in mixing of the flow. Further 

ports along the side of the plate can also be used to add reactants at an exact location and time, take 

samples, measure temperature (using thermocouples) and pressure (Alfa Laval, 2010). Being able to 

take out samples during the reaction is a step in the right direction since it has earlier mainly been 

possible to have sample collection at the reactor outlets. Batch reactors have the advantage of easily 

being able to remove samples as the reaction is being carried out, so being able to do this even in 

continuous flow reactors is positive (Valera et al., 2010). Furthermore the possibility to insert 

thermocouples and pressure measuring instrument coincide with the desire for microreactors to have 

the possibility of more sensors available (Afonso & Crespo, 2005).  Unused ports are fitted with plugs.   

 

2. Turbulator plate: The design of the plate distributes the heat exchange liquid (utility flow) and 

generates vortices which increase the effectiveness of heat exchange as heat from the wall is 

transported to fluid flow by convection. The removal of heat during a reaction is very important in 

order to avoid ‘hot spots’ which can cause side formation through reactions with higher activation 

energy (Hessel, 2009). 

 

3. Utility pressure plate: Here the utility liquid is injected.  The temperature of the utility liquid on 

entering and exiting the plate can also be measured.  

 

4. Process Gasket: Seals the process utility channels to avoid leakage. Made of polytetrafluoreten, PTFE 

 

5. Process Pressure Plate: Helps hold the entire cassette in place when pressure is applied to hold plate 

in the reactor frame.   

 

 

Figure 4: Sketch of plate reactor cassette in the P37 series 
 (Alfa Laval, 2010) 
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3.3 Description of design of PR49 Series 

The main difference with these plates in comparison to the plates of the PR37 series is that two cooling sides 

exist, i.e. both a left and right utility site exists with the process channel plate in between.  A turbulator plate is 

also found in the utility plate of the PR49 series. Again helping to distribute the fluid flow and generated 

vortices to improve heat exchange.  The design of the serpentine shaped channels of the two smaller PR49 

plates varies slightly to the design of the channels in the plates in the PR39 series. The largest plate in the PR49 

series however has channels in the shape of zig-zags as oppose to the serpentine shape. The correct addition of 

metal pieces called baffles causes mixing of the process fluid. The performance of mixing compared to the 

other plates is poorer because the zig-zag shape does not induce the same vortices as the serpentine. This leads 

to poorer heat exchange efficiency in comparison to the other plates. Also along the process plate no additional 

access ports exist. The reason for this simpler design is that it is cheaper to produce and means that it is often 

used to produce more volume for carrying out the reaction and often connected at the end of the reactor 

configuration when a reaction no longer is exothermic or requires addition of heat energy (Alfa Laval, 2012). 

3.4 Description of the Reactor frame for PR37 and PR49 series  

The reactor frames holds the reactor plates in place and are specific for each reactor series. In the PR37 series 

the reactor can reach a weight of up to 100kg and is made of stainless steel. The frame consists of (from 

bottom up); 

Tension rods (3); which go through the entire frame, connecting the top and bottom plate and determining the 

distance between the plates, bottom end plate with springs (1), a number of reactor plates with a top alignment 

plate at the top (5) followed by top end plate with springs (2) which are then tightened by top nuts (4). The 

springs maintain the clamping force through the reactor, by compensating for thermal expansion.  

The principle of the reactor frame for the PR49 series is the same, even though the design is slightly different.  

 

3.5 Operation and configuration of reactor plates 

The entire reactor is first assembled. Depending on the desired temperature, utility flow rate and temperature 

should be adjusted accordingly. By first running solvents through the reactor and checking for leakage, pressure 

Figure 5:  Sketch of reactor frame for the PR37 series (Alfa Laval, 2010)  
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changes and flow rate a control of the assembling can be done. The primary, secondary and eventual tertiary 

reactants are pumped in through the inlet ports of the process plate. Reactants can be added further on in the 

reaction sequence. Use of nozzles for injection of reactants exists. The reaction occurs as the reactants flow 

through the process channels before exiting through the outlet port. As the reaction takes place heat exchange 

between the process and utility channels occurs. Since fouling and blockage is a limitation with microreactors 

the continual monitoring of pressure changes and temperature is carried out.  

The configuration of the entire plate reactor can vary.  In the PR37 series cassettes are stacked horizontally in a 

plate reactor frame while cassettes in the PR49 series are stacked vertically in the frame. In both series the 

number of used cassettes can vary, with a maximum of 10 cassettes being connected at once by use of U-pipe. 

The “pressure x volume” value (PSxV) of the plates is not greater than the max(PSxV) excepted by the frame. 

Process plates are connected in series to achieve wanted residence time while utility plates can be connected in 

series or parallel, resulting in the cassette having either similar or different temperatures respectively. Cassettes 

in the same reactor being able to have different temperatures allow them to have different functions. Some 

cassettes in the reactor may be used to raise the temperature of the reactant fluid while in other cassettes the 

fluid is cooled down. Different heating effects are achieved through connection of utility and process plates so 

that flows are parallel or counter parallel. Furthermore The possibility to control each step of the process 

individually through controlling each cassette individually helps improve selectivity and reduces the production 

of by-products (Calabrese & Pissavini, 2011). Another feature is the possibility to easily open up the reactors in 

order to facilitate cleaning, meaning less solvent may be required. For pharmaceutical companies the cleaning 

of reactors between different productions is important. This can help reduce the inflexibility usually common 

for microreactors (Roberge et al., 2005). 

 

 

 

 

 

 

  
  
  
  

  
  

  
  
  

Figure 6: Schematic illustration of working principle (adapted from PowerPoint presentation Alfa Laval, 2010)   
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4. KNOWLEDGE MANAGEMENT  

With knowledge management organizations “seek to acquire or create potentially useful knowledge” which is 

made available to the right people at the right time and place and which contributes to, and increases the 

organizational knowledge (King, 2009, p.3). The ability to “create and utilize knowledge” is considered “the 

most important source of a firm’s sustainable competitive advantage” (Li, Brake, Champion, Fuller, Gabel & 

Harcher-Busch, 2009; Nonaka, Toyama & Konno, 2000, p. 5). The reason for this being that the fast changes 

that occur in areas such as technology, market and competitors requires that the knowledge and competence 

within a company are continually renewed. Importance lies also in sharing the correct and necessary 

competences using effective methods (Haglund et al., 1995, Kalaiselvan & Naachimuthu, 2011, Wenger et al., 

2002). For the purpose of this report focus is on knowledge as oppose to competence. Yet working with 

knowledge is one way of gaining increased competence, i.e. having sufficient skills for a specific purpose or 

task.  

A number of knowledge management theories exist which all cannot be taken up in the scope of this report. In 

this report focus is on the knowledge creation model by Nonaka, Toyamo, Konno and Takeuchi, community 

of practice (CoP) by Lave and Wegner and affinity spaces by Gee. The reason being that the knowledge 

creation model has been implemented in many large international companies while CoP and affinity spaces 

offer similarities and differences to the knowledge creation model.  

4.1 Knowledge creation model  

In knowledge creation model they define knowledge using Polanyi’s definition of knowledge as explicit and 

tacit. Explicit knowledge being easier to share and process since it can be” expressed in formal and systematic 

language” and shared as data, manuals etc (Nonaka et al., 2000, p. 7). Tacit knowledge being however more 

difficult to communicate and share since it is “highly personal and hard to formalise” (Dyer & Nobeoka, 2000, 

Nonaka et al., 2000, p. 7). It can be divided into two groups, one which encompasses personal skills and know-

how and one which is made up of values and ideas (Nonaka & Konno, 1998). Brown (2002) linked tacit 

knowledge to roots on a tree which underlies the visible branches and leaves, considered explicit knowledge.  

For the tree to survive the root system is very important and must be considered when trying to plant the tree 

somewhere else (Brown, 2002). 

Nonaka, Toyama and Konno proposed a model for knowledge creation consisting of the following three parts; 

Socialization, externalization, combination, internalization (SECI) process, ba and knowledge assets. SECI process looks at 

different knowledge conversions while ba looks at the contexts for these conversions. Knowledge assets are the 

knowledge resources the firm has which are of value for the firm. Nonaka et al. studied how these three parts 

can be used in creating, maintaining and taking advantage of knowledge. One of the central ideas is that 

knowledge is context-specific, created continuously through social interaction with others and the environment 

and is simple much more than processing information. Furthermore knowledge is related to action, such as 

developing and apply new knowledge to solve problems (Nonaka et al., 2000). Management has an important 

role to play in “articulating the organisation’s knowledge vision” and being part of the whole process (Nonaka 

et al., 2000, p. 5). Also it is not a specific person or group of people who bear the responsibility for creating 

knowledge (Nonaka & Takeuchi, 1995). 

4.1.1 The SECI-process - knowledge conversion  

The SECI process includes four ways in which explicit and tacit knowledge can interact and be transferred to 

create new knowledge within an organization. Figure 7 shows these different conversions. Often it is the 

managers who determine the direction of the knowledge conversion based on the knowledge vision they have 

for their organisation.  
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5.  

Figure 7: The dynamic SECI Model: a spiralling process of interactions between explicit and tacit knowledge. (Nonaka 
& Konno, 1998, p. 43) 

Socialization is the conversion of tacit knowledge to new tacit knowledge. This is done through shared 

experiences and interaction. Even making use of the tacit knowledge found with customers or suppliers is 

beneficial. Furthermore in-order for sharing and gaining of tacit knowledge it is important that the participants 

are in the same place at the same time. Socialization makes future knowledge sharing easier through lowering 

barriers, i.e. making people more comfortable to communicate later on. 

Practical examples: apprenticeship, on-the-job training, informal social meetings (Nonaka et al., 2000). 

In externalization tacit knowledge is converted into explicit knowledge. Explicit knowledge is much easier to 

articulate and share and therefore the knowledge becomes more accessible to others.  Using such things as 

models and metaphors helps this conversion. Metaphors allow people to “put together what they know in new 

ways and begin to express what they know but cannot yet say” (Nonaka & Takeuchi, 1995, p. 13). It involves 

combining individual ideas to become part of the whole groups mentality.  

Practical example: Quality circles, where employees meet regularly to discuss and identify how to improve 

product quality and solve production problems and improve general operation practices.  

Combination is collection of explicit knowledge, both inside and outside an organization to form new knowledge 

which is then distributed to people in the organization. Even the collection of explicit knowledge and then 

editing or processing it into a different context creates new explicit knowledge.  

Practical example: Collection of data to form a financial rapport, Databases (Nonaka et al., 2000). 

Finally internalisation is when explicit knowledge becomes part of one’s tacit knowledge. Explicit knowledge 

becoming “actualised through action and practice” (Nonaka et al., 2000, p. 10).  

Practical example: Learning by doing, reading a manual and then reflecting on it. (Nonaka et al., 2000). 

Knowledge is created by shifting between all these modes, and knowledge evolves and changes in a spiral 

motion through the modes. Starting at an individual level it then develops into knowledge 

conversation/sharing between organisational boundaries (such as section and department), to even include 
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information sharing beyond organizational boundaries (Nonaka et al., 2000). One can however ask whether 

knowledge conversation occurs only in this clockwise motion, or is it possible to jump over one of the 

conversions. Furthermore does perhaps a conversion need to be repeated several times before it is fully 

accomplished and the next type of conversion can occur.  

4.1.2 Ba – context for knowledge creation 

Ba is the description of the place in which knowledge can be created, it does not need to be a physical place.  

“Ba is the context shared by those who interact with each other, and through such interactions, 

those who participate in ba and the context itself evolve through self-transcendence to create 

knowledge” (Nonaka et al., 2000, p. 15). 

 Also ba “is a place where information is interpreted to become knowledge”(Nonaka et al., 2000, p. 14). Even ba 

changes and members of ba can change. There are 4 types of ba which differ in the type of interaction 

occurring and the media used for the interaction, either face to face or virtual media, i.e. books, e-mails, 

teleconferencing. See Figure 8. 

 
 

Type of interaction 

Media 

 Individual Collective 

Face to face 
Originating Ba 
(socialization) 

Dialoguing Ba 
(externalisation) 

Virtual 
Exercising Ba 

(internalization) 
Systemising Ba 
(combination) 

   
Figure 8: Four types of ba (adaption of figure found in Nonaka et al., 2000, p. 16) 

Each different type of ba supports a different knowledge conversations found in the SECI model, and is a 

platform to help the knowledge creation process.  

Originating ba is a platform for socialization, through sharing of emotions, feelings and experiences , mainly 

through individual and face-to-face interaction. In order to facilitate knowledge conversion later on it is 

important that there exists openness, trust and commitment which is the result of originating ba. Since it works 

on removing the barriers existing between oneself and others. Being able to talk and discuss small things will 

make it easier to discuss and be open for larger and more difficult discussions.  

Dialoguing ba or interacting ba is collective and face-to-face interaction which allows for externalization of 

knowledge. Here participants share tacit knowledge through discussion and dialogue and then also reflect on 

and analyze their own and others mental models. To create such a platform for managing knowledge 

individuals “with the right mix of specific knowledge and capabilities is key” (Nonaka et al., 2000, p. 17). 

Extensive use of metaphors is recommended as a way to describe and articulate phenomenon which are 

difficult to describe in words.  

Systemising ba or cyber ba phase is interaction in a virtual world, through collaborating environments, databases 

and documentations which allows for the combination of explicit knowledge. It’s about creating environments 

where “participants can exchange necessary information or answer each other’s questions to collect and 

disseminate knowledge and information effectively and efficiently”(Nonaka et al., 2000, p. 17). Naturally it is 

not enough to just have these powerful platforms, participants need to know how to use them effectively and 

efficiently.  

The final type of ba is exercising ba, which works on the internalization of knowledge by using explicit knowledge 

in “real life or simulated applications”(Nonaka & Konno, 1998, p. 47). So importance here is active 

participation and such things as on-the-job training in a virtual sense will help the transfer of explicit knowledge 

to tacit knowledge.  
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Some conditions can help to energize ba  namely;  autonomy, creative chaos, redundancy, requisite variety, and 

love, care, trust and commitment (Nonaka et al., 2000). Redundancy meaning that many people within the 

organisation are doing the same thing. This may be seen as a waste, however it encourages discussion and 

dialogue since many people are involved. This creates a “common cognitive ground” among employees and 

thus facilitates the transfer of tacit knowledge as they have an understanding of what the other person is trying 

to articulate (Nonaka & Takeuchi, 1995, p.14). Creative chaos, can be a natural occurrence (low sales, increase 

of competitors strength) or a challenging goal which management brings up. This change in events results in 

the “opportunity to reconsider our fundamental thinking and perspective” (Nonaka & Takeuchi, 1995, p.79). 

4.2 Communities of practice and Affinity spaces  

CoP and affinity spaces are two other examples of spaces where knowledge creation can occur. For both 

spaces social interaction is important. Today no one person can know everything, since knowledge required for 

different areas is becoming more complex and large. Gee describes knowledge as existing both in the form of 

individual knowledge (knowledge stored in each individual) and distributed knowledge, knowledge which exists 

in other people and mediated devices. Individual knowledge can be shared so that it becomes part of the 

distributed knowledge available. Making use of distributed knowledge allows people to know and do more than 

they would have been able to do on their own (Gee, 2007). 

CoP are “groups of people who share a concern, a set of problems, or a passion about a topic, and who deepen 

their knowledge and expertise in this area by interacting on an on-going basis” (Wenger et al., 2002, p. 4). 

Membership is voluntary and the group consists of both experienced and non-experienced professionals who 

have the chance to meet and “share their experiences and learn from each other”  (Hara, 2009, p. 118). Here 

new professionals can learn how to be professional and the CoP can act as a supportive culture and place for 

knowledge building. Furthermore the size and structure of CoP can vary greatly from long term groups to 

short term groups and groups across department boundaries as well as business boundaries. CoP allows for 

transfer of tacit knowledge through the “storytelling, conversation, coaching and apprenticeship” (Wenger et al., 

2002, p. 9). 

CoP can be referred to as informal networks that evolve on their own but can be cultivated by outside forces. 

Simple things such as having a shared meaning and a common place or setting to share stories can foster CoP. 

Additionally providing resources, such as money to travel in order to be able to meet and having mangers 

which are aware of and support these groups can also help them develop (Hara, 2009).  Though online 

communities support some of the attributes of CoP the development of a shared meaning and professional 

identity cannot occur through virtual forms (Hara, 2009). 

Affinity spaces are not started by defining the community, but rather by defining the space and then seeing 

how the people within the space are interacting. Affinity spaces exist as both physical and virtual spaces. Unlike 

CoP affinity spaces see that participants bond “first and foremost to an endeavor or interest and secondarily, if 

at all to each other” (Gee, 2007, p.98). This Gee believes reflects more closely how the situation looks like in 

the work place.  

The content of the space is generated by a generator. Access to the spaces is done through portals. These 

portals can even affect the current generators or make new generators. Affinity spaces have 11 specific 

characteristics such as; no distinction between masters and newbies, many different ways and routes to 

participate, honors tacit knowledge, different routes to status and encourages the collection of knowledge from 

other areas (dispersion of knowledge). Portals are strong generators that give access to the space and can also 

affect and modify the content in the space, encourages distributed and individual knowledge (Gee, 2007). 

Interaction is mainly virtual.   

Both these groups build on the willingness of those involved to share information and experiences. However 

certain factors may make people reluctant to do this. There is a risk of participants becoming free riders and 

taking advantage of the shared information.  Furthermore participants may be reluctant to share because it can 
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have an effect on promotional and reward issues. Therefore participants are sometimes more willing to form 

networks with people outside their own organisation (Hara, 2009). Another point of question is whether or not 

CoP can address the rapid information and knowledge changes that exist in today’s jobs (Hara, 2009).  

4.3 Knowledge creation across boundaries 

Knowledge creation does not only occur within an organization, but even outside the organization together 

with for example customers and suppliers (Dyer & Nobeoka, 2000). Knowledge can be transferred “beyond 

organizational boundaries” and “different organizations interacts to create new knowledge” (Nonaka et al., 

2000, p. 12). Customers also house tacit knowledge which they find hard to articulate but can be very beneficial 

for companies (Nonaka et al., 2000). The use of two way communication and interaction as a pose to just 

questionnaires is a more beneficial method to get customers to articulate their needs and wishes (Nonaka & 

Takeuchi, 1995, Nonaka et al., 2000). Through organizations interacting with customers and following their 

buying patterns they can gain customers explicit and tacit knowledge and be able to create new knowledge 

about for example the capabilities, advantages and areas of use for the product. The interaction between 

“knowledge held by companies interacts with that held by customers” (Nonaka et al., 2000, p.30). Customers 

tacit knowledge is for example needs they have, but cannot express, therefore it is through shared experiences 

together with the customer that companies can identify the customer’s actual needs. Figure 9 shows this 

interaction between customer and company. In Seven Eleven stores in Japan a walking around employee had 

the task of socializing with customers in order to gain new knowledge from the customer (Nonaka et al., 2000). 

 

 

 

 

 

 

 

 

 

4.4 Educational training 

The knowledge creation model described earlier gives more generally the modes of knowledge conversion and 

creation that exist and the contexts that these occur. It is therefore clear that a traditional educational course in 

itself cannot address all these conversations. Perhaps most simply because as the model describes, learning 

develops through action which may not be provided for during a two day course. Furthermore as Wenger 

writes “learning is an ongoing and integral part of our lives, not a special kind of activity separable from the rest 

of our lives” (Wenger et al., 2002, p.226). Brown and Duguid also criticize many traditional educational courses 

because they separate learning from working, so that they are seen as two different entities instead of “picturing 

learning as a bridge between work and innovation” (Hara, 2009, p. 12). This may be why people who have 

worked a while usually do not feel that get much from a training course (Attia et al., 2005). So several contexts 

for learning are necessary.  

However educational courses can be structured and developed in ways that maximize learning and minimal 

separation between the course and working environment. This can result in some of the modes of knowledge 

Figure 9: Knowledge creation across company boundaries (Nonaka et al., 2000, p.13) 
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conversion found in the SECI model. Educational course can be a good starting point for the knowledge 

conversion spiral since it can allow for socialization. A course allows for the gathering of people from many 

places therefore creating the opportunity for socialization and sharing as well as the development of a 

community, which is beneficially for the future learning and work (Wenger et al., 2002). Additionally to 

minimize the division and separation between the course and work it could be important to have it close to the 

work place (Rolf, 1991). Furthermore an educational course has the potential of being a place for face-to-face 

collective interaction; dialogue ba. As participants come together they communicate and have to articulate 

knowledge of a more tacit nature, so externalization is possible.  

4.5 Evaluation of educational training 

The evaluation of training is important in order to decide whether or not to continue with a training program. 

Is it still applicable or does it need to be redone or total scraped?  Do improvements need to be made for the 

future training programs?  Also it is a tool for showing whether the training contributes to the organizations 

goals and objectives. Through evaluation one can also understand what should be considered and what is 

important when setting up a new training program. This part of the literature study is therefore interesting both 

when evaluating the current education material in ALRT department and AL as well as the development of a 

new educational program. An evaluation can have different approaches. Fitzpatrick, Sanders and Worthen 

classified 4 different approaches.  

1. Approaches oriented to comprehensive judgements of the quality of the program or product. Focus of the 

evaluation lies in judging or valuing the quality of the program. 

2. Approaches oriented to characteristics of the program. Theses evaluations/ evaluation questions are based 

on either the objectives, standards planned to achieved or theory that the program is based on. 

3. Approaches orientated to decisions to be made about the program. The role of the evaluation is to provide 

information that will help in making decisions concerning the program. 

4. Approaches oriented to participation of stakeholders. Stakeholders of the program are involved as 

evaluators.   

Focus will be on the following two evaluation models, both of which according to literature study have been 

shown to be popular. These models are the Kirkpatrick 4 levels model and the context, input, process and 

product (CIPP) model, which is considered an approach orientated towards decision. Just following an 

evaluation model in itself will not result in change. It makes one aware of what needs to be changed, and 

perhaps how these changes can be carried out. But it is important that results found are later implemented.  

4.5.1 Kirkpatrick 4 levels model 

The Kirkpatrick 4 levels model is well known model of evaluation. In the model there are 4 levels that are 

evaluated: reaction, learning, behaviour and results. Reaction being how the participants react to the training 

experience. The next step is evaluating if the training has resulted in the participants learning the knowledge 

and skills they need. The behaviour level evaluates how well these learnt skills were then transferred to the job. 

Then finally in the results level an evaluation of how well the training program contributes towards the 

company reaching its’ goals is done (Munoz & Munoz, 2000). 

Level 1: Evaluating reaction 

That participants react favourably to the training is important, because it increases their motivation to learn and 

also encourages them to return to other training courses as well as encouraging their other colleagues to go the 

courses. One can say that it is a measure of the participants ‘customer satisfaction’ and whether the course was 

what they had expected (Kirkpatrick & Kirkpatrick, 2005). One criticism towards this level is that it needs to be 

more specific in order to be useful. Good reaction does not mean that behaviour change will necessarily occur. 

However critics do seem to agree that negative reactions will have negative effects on the participants, i.e. 

whether or not they will want to participate in another training program (Attia et al., 2005). 
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Level 2: Evaluating learning 

Usually it is skills, knowledge or attitudes that should be learnt or developed. Therefore this level evaluates 

whether the participants have learnt that which was intended by the course. Different methods for evaluating 

learning exist, depending slightly on whether it is skills, knowledge or attitudes being evaluated. One method is 

using a test related to the content of the program or performance test. Evaluating learning is an important step 

because it can help to determine whether lack of change was the result of lack of learning occurring or because 

the climate the participants returned to limited their possibility to change. If it is found that no learning has 

occurred then the next step is to try and understand why and see how learning can be improved for the next 

time (Kirkpatrick & Kirkpatrick, 2005). 

Level 3: Evaluating behaviour 

This level is considered one of the more difficult and complicated to carryout, particularly because the 

opportunity to apply what has been learnt may not appear right away. It is difficult to predict when the 

behavioural change will occur and so evaluating the transfer of knowledge, skills and attitudes may have to be 

carried out a repeated number of times. Also other factors (regardless of the quality of the training) may 

contribute to lack of behaviour transfer  including participants not wanting to change or the climate at work 

place not encouraging change. However since the goal of training is that some form of change occurs in the 

workplace, the importance of evaluating whether this actually occurred is great (Kirkpatrick & Kirkpatrick, 

2007, p. 82). 

Level 4: Evaluating results 

It is important that training leads not only to behavioural changes but even to changes in tangible results as this 

was often the reason for the initiation of the training in the first place. Kirkpatrick points out that evaluating of 

results is not based on cost-benefit ratios, and of monetary value but rather a study of “return on expectation” 

(Kirkpatrick & Kirkpatrick, 2007, p. 108). Results in the form of increase sales, reduced accidents or reduced 

turnover are easier to measure. A difficulty with evaluating results is that many factors affects the results, so 

cannot prove without doubt that the good/bad results have a direct connection to the training program 

(Kirkpatrick & Kirkpatrick, 2007). The lack of taking measurements of a financial nature may however be a 

downside. Often to persuade managers that the training program is effective and beneficial they want to see 

evaluations in monetary terms (Munoz & Munoz, 2000).  

Implementation in educational training set up 

Relating to the Kirkpatrick model the setting up of an educational training begins by considering the desired 

results and then identifying what behaviour will produce these results. That the results of the training course 

are closely linked to the organisational goals is an important factor (Attia et al., 2005). Following this the 

knowledge, skills and attitudes needed to produce the identified behaviour changes are determined (Kirkpatrick 

& Kirkpatrick, 2007). In conjunction to this it is important to study the participant’s prior knowledge and 

background in order to know where to start and what to build on. The next step, which perhaps is not 

explicitly mentioned in Kirkpatrick’s model is that a decision of the method of implementation/ conveying of 

these skill, knowledge and attitudes needs to be made.  

4.5.2 CIPP model  

Another model which exists for evaluating programs is the Context, input, process and product evaluation 

model developed by Stufflebeam. The basis for this model is that “the most important part of evaluation is not 

to prove, but to improve” (Stufflebeam & Shinkfield, 2007, p. 331). It is categorized as a decision-oriented 

evaluation approach since it is an evaluation that will be used to help make decisions concerning the 

educational program.  
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Figure 10: Key components of the CIPP Evaluation Model and associated relationships (Stufflebeam & Shinkfield, 
2007) 

 

Unlike the 4 level model, when following the CIPP model a linear approach is not necessary. Instead parts of 

the model can be followed and order can vary. The model presented in Figure 10 orients around the core 

values and ideals of society, group or individual and therefore it is important to “identify and clarify the values 

that will undergird particular evaluations” (Stufflebeam & Shinkfield, 2007, p. 333). These values serve as a 

foundation for the evaluation.  

Context evaluation (serve planning decisions)  

Involves “studying the context of a program that has not yet been planned” (Fitzpatrick et al., 2012, p. 174). 

Evaluation of the needs and problems that have to be addressed through educational training and what other 

programs currently exist. Part of that therefore includes defining the goals and actions of the program.  

Input evaluation (serve structuring decisions) 

Involves assessing the plan for implementation, which includes looking at how feasible and cost effective it is. 

Also looks at what activities could be carried out in order to address the needs and reach the goals found 

through the context evaluation. Looking at alternative strategies and procedures is also part of the input 

evaluation.  

Process evaluation (serve implementing decisions) 

Is evaluating the program as it is being carried out; formative evaluation. Here assessing the implementation of 

the action plan/ program is done. Are the actions being taken effective in fulfilling the goals and objectives that 

were decided on? What changes and revisions need to be done?  

Product evaluation (serve recycling decisions)  

Here the results of the program are evaluated.  “Measure, interpret and judge the extent” to which your 

improvements have achieved their short and long term goals (Stufflebeam & Shinkfield, 2007, p. 344).   

Criticism towards this model is that the assumption is made that “the program, and its context will remain 

reasonably stable while the evaluation is being conducted” which is not necessarily the case (Fitzpatrick et al., 

2012, p.185). Furthermore there is a risk that it is primarily mangers or those with the role of decision making 

are involved in defining the goals of the evaluation and thereby affecting the results. (Fitzpatrick et al., 2012). 
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5 ADULT LEARNING 

This section looks more specifically at important principles for adult learning. These principles are important to 

consider when looking at learning of sales engineers. The definition of adult can be biological, legal definition, 

social definition, psychological definition. (Knowles et al., 2011, p. 62) For the purpose of this report the focus 

group of this thesis; sales engineers, are defined as adults. The term learning has various definitions but will in 

this report be defined as;  

“process that brings together cognitive, emotional, and environmental influences and 

experiences for acquiring, enhancing , or making changes in one’s knowledge, skills, values, and 

worldviews” (Merriam & Caffarella, 1991, p.277). 

Earlier it was thought that when people reached adulthood they were considered fully developed. However 

now it is known that people have the possibility to develop throughout their entire life (Bron & Wilhelmson, 

2005). A number of people have contributed to the study of adult education and in this study focus is on 

Eduard C. Lindeman and Malcom S. Knowles, who looked at adult education in similar ways.  Lindeman is 

referred to as laying the foundation for research within adult education with the publication of his book The 

meaning of Adult Education in 1926, based mainly on intuition and experiences. Malcom S. Knowles was one of 

the first people who attempted to formulate adult education based on previous research done and experiences 

shared which finally led to the andragogical model.  

The term andragogy became widely used after Knowles wrote an article including it in the late 1960s. 

Andragogy means the “art and science of educating adult males” since the first part of the word derives from 

the Greek word for adult male and the second part for the word is derived from the Greek word for leader of. 

However when Knowles used the word he meant it to refer to the education of adults and not just adult males  

(Mohring, 1990, p. 95). It should be noted that today parts of this model is even seen as applicable to teaching 

of younger adults and children.  The andragogical model unlike the preceding pedagogical model assigns 

students more responsibility for learning and what is going to be taught. Furthermore it is a process model 

(focus together with the learner on what should be done to teach out) rather than a content model (where 

focus lies on deciding the knowledge and skills that will be transmitted) (Knowles et al., 2011).  

Lindeman identified five main assumptions about adult learners. Firstly that adults will feel motivated to learn if 

they feel that what is being taught is something they need and are interested in. Secondly adults learn based on 

their life situations, hence organization of adult learning should be done based on these and not subjects (as is 

common in primary and secondary school). Thirdly adults learn a lot from their experiences. Therefore 

incorporation of experiences in adult education should be a central part. Fourthly adults feel the need to be in 

charge and take ownership of their learning and so the teacher is less about transmitting information to the 

adult and more about guiding and creating environments for the adult to learn. Finally difference in such things 

as style, pace of learning, previous knowledge increase among people with increased age (Knowles et al., 2011). 

5.1 Andragogical model 

The andragogical model has the following six main principles and aspects to consider when learners are adults, 

of which several are similar to Lindeman’s assumptions; 

 Need to know 

 Learners’ self-concept 

 Role of learners’ experience 

 Readiness to learn 

 Orientation to learning 

 Motivation 
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Adults need to know why they are learning what they are learning. Perhaps a real experience or a simulation 

allows the adult to discover that they have a learning need, because it is not always easy to identify. Adults have 

a self-concept that they are in charge and should be responsible for their own learning and decisions made 

concerning them. Learners may need help to understand that they are not just to be dependant, but actually 

direct their own learning, that they have a say in the matter. Even if this is not always the case in many very 

traditional educational courses. Self-directed learning can be both about being able to find the tools and 

methods for teaching oneself and taking ownership of the goal with the learning (Knowles et al., 2011). 

Adult learners have a large amount of experience simply because they have lived long making the role of 

experience greater. Adults’ experiences are linked to their identity; therefore taking the experiences into account 

shows a value for the person. However one needs to be aware that experience effect an individual’s “mental 

habits, biases and presuppositions” which can make them closed for new ideas and ways of thinking (Knowles 

et al., 2011, p.65). Furthermore how an individual interprets the content during for example a course is effected 

by the individuals experiences and background (Bron & Wilhelmson, 2005). So individuals need to be aware 

that their experiences may result in biases and habits that hinder them from seeing things in new ways and 

perhaps even create conflicts. In order to make use of each other’s experiences such things as group 

discussions, simulation exercises, problem solving and peer helping activities is recommended (Knowles et al., 

2011). 

Adults experience a readiness to learn if that which they are learning will help them cope with their real-life 

situation. Therefore something as simple as having the right timing of the learning experience so it fits the 

situation the learner is in is important. However that does not mean that one needs to sit around and wait for 

the situation or learner to be ready. The orientation to learning should not be subjected oriented but orientated 

around life-situation. Learning should be task centred and problem-centred. Not only are adults more 

motivated to learn if they see that it will help them with tasks in their real life but also the learning becomes 

more effective (Knowles et al., 2011). For sales engineers the orientation should be customer orientated since 

their actions in real-life are very much orientated around the customer (Attia et al., 2005). Participants will also 

have a greater readiness to learn and see why something is worth learning if the orientation is correct. The use 

of experimental learning cycle proposed by Kolb (1984) can be seen as a good way for creating life-centered 

orientation, making use of adults previous experience and also improving the chances of the adult learner 

actually implementing that which was learnt back on the job (Knowles et al., 2011). 

Concerning motivation, external motivation (like promotions and increased salaries) and especially internal 

motivation (like increased self-esteem and job satisfaction) are important drivers for adults. Adult learners have 

an internal motivation to grow and develop which should encourage them during the educational training. The 

self-determination theory is a meta-theory surrounding theories about motivation identifies autonomy, 

competence and relatedness as three psychological needs that “argued to foster the most volitional and high 

quality forms of motivation and engagement for activities.”4 Both autonomy and competence have a certain 

link to the principles of adult education, having a feeling of choice over one’s own life and being effective in a 

given situation i.e. feeling that the learning will lead to greater effectiveness at the job. Though the andragogy 

model focuses on individual learning, relatedness (interaction and feeling connected as a group) should 

however not be forgotten, learners should be given the chance to interact and connect with each other.  

Andragogical in practice model 

The Andragogy in practice model is and expansion of the andragogical model to include other aspects that 

influence the principles of adult learning. Depending on whether the purpose of the learning is for individual, 

institutional or societal growth the adoption of the principles will vary. If learning is to result in individual 

growth, the purpose is for the individual to grow and learn. Institutional growth is about the learning resulting 

in improvement to the organization. Finally societal growth is about the learning resulting in the transformation 

of the society around the learners.  

                                                        
4 http://selfdeterminationtheory.org/theory [visited 23 August 2012] 
 

http://selfdeterminationtheory.org/theory
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Apart from the purpose of the learning there are the following differences or variables ; subject matter 

differences, situational differences and individual learner differences that can affect the principles.  The nature 

of the subject matter will affect the learning strategy and approach, and therefore affect such things as the 

principle orientation to learning. The situational differences that exist may be the physical location of the course 

but also what context the learner comes from; what previous experience they have had to learning for example. 

Finally learners will come with different preferred learning activities and styles which may affect the principles 

(Knowles et al., 2011, p. 155). Figure 11 below visualizes the andragogy in practice model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Andragogy in practice model (adaption of figure found in Knowles et al., 2011, p. 147) 
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6 METHOD DESCRIPTION 

6.1 Abductive reasoning  

The method used when carrying out this master thesis is based on abductive reasoning; namely that hypothesis 

and assumptions have been made to explain circumstances and as new information is collected the 

hypothesises are altered if necessary (Walton, 2004). Though unlike deduction, abduction still bases conclusions 

and hypothesis on models, and as new observations are made conclusions and hypothesis are altered if 

necessary. In relation to this thesis one could say that the identification of SE engineers competence needs, 

challenges and methods to increase sales developed successively as more data was collected through literature 

studies and interviews. 

A qualitative study as oppose to a quantitative study was carried out since the aim of the thesis is not to decide 

the extent at which something occurs. Rather it is about identify what is needed in the way of communication 

and educational programs and materials to boost SE confidence and ability to handle the sales process. This fits 

in well with the definition of qualitative studies which is to “identify not yet known phenomena, properties, 

meanings” [translated from Swedish] (Svensson & Starrin, 1996, p.224).  Furthermore a study of existing 

educational training material at AL was done.  

6.2 Method of empirical data collection  

The methods for collecting data were through semi-structured interview forms. The reason for this being that it 

allowed for some structuration through repeated themes while at the same time allowing for flexibility. Taking 

up similar themes in each interview allows for easier comparison while the flexibility allows the interviewees to 

take up that which interests them (Bryman & Nilsson, 2002). Furthermore the flexibility allowed for questions 

or focus to be changed slightly, depending on information gained from previous interviews. Interviews, as 

oppose to for example a survey also allows for the interviewer to clarify questions which the interviewee may 

have misunderstood or found unclear.   

6.2.1 Preparation 

The literature study was an important preparation for the interviews since reading both about the microreactor 

technology and adult education gave prior knowledge to areas that would be discussed during the interviews. 

This is an important step when preparing for interviews (Bryman & Nilsson, 2002). 

Four different groups of people were interviewed; staff at the ALRT department, SE working with the sales of 

the reactor, Customers and AL staff from other departments who have a link to educational activity. An 

interview guide for each interview group was prepared beforehand. See appendix 1. This guide began by listing 

the purpose of the interview, followed by questions divided into different topics. Naturally the guide did not 

have to be followed to the letter, but acted as a guide and help, to make sure that the important topics got 

covered. Furthermore the guide was often modified slightly after each interview as new things came up.  

Interviewees not present in Tumba, i.e. all SE, customers and previous ALRT staff were interviewed via 

telephone or web telephone (Lync). All other interviews were face-to-face interviews.  

6.2.2 Procedure  

Eighteen interviews were conducted in total. Table 2 shows the interviewees and the main purpose with the 

interviews. Interviews with the ALRT staff were recorded and transcribed.  AL interviews were not transcribed 

because of their length, also not all of them were recorded; instead notes were taken during the interview. As 

soon as the interview was conducted these notes were typed up (while listening to recording if that existed or 

reading notes taken during the interview). A number of customers had been e-mailed about being interviewed, 

and two of these replied and said they could be interviewed. These interviews were not recorded due to 

sensitivity issues and because they were telephone interviews, instead notes were taken during the interview and 

then typed up as soon as interview was finished. Names of SE that could be contacted were presented by a 
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staff member of AL. Out of these, six SE answered and said they could participate. These interviews were 

recorded and transcribed. The analysis of the interviews were then carried out. 

Group Person General purpose 
S

ta
ff
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T

 d
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en
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Previous staff of ALRT 
(ALRT1) To get an understanding of how ALRT has worked 

and is working with educational programs for SR. 
Including feedback on what has worked well, and 
not so well. 
To hear about the needs and challenges they feel the 
SE have in the sales process. 
To understand how communication between the 
ALRT department and sales representatives occurs.  

To discussion how they want to work with these 
issues in the future.  

Business manager 
(ALRT2) 

Product and application 
manager  
(ALRT3) 

Product and application  
(ALRT4) 

ALRT manager  
(ALRT5) 

S
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L
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w
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rk
in

g
 w

it
h

 

tr
a
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AL1 

To understand how other departments at AL work 
with training (development, implementation and 
evaluation) 

AL2 

AL3 

AL4 

AL5 

C
u

st
o

-

m
e
rs

 CUST1 
To understand customer needs, expectations on SE 
and desired support from AL. CUST2 

S
a
le

s 
E

n
g
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e
e
r 

SE France (SE1) To understand: 

- How the SE work 

- The challenges SE face 

- What communication occurs between SE 
and SC and ALRT department 

- How SE want a future training course to 
look like/ to include and communication to 
be like 

SE Nordic (SE2) 

SE Mid-Europe (SE3) 

SE France (SE4) 

SE  BeNeLux (SE5) 

SE Mid-Europe (SE6) 

Table 2: Interviewees and purpose of interviews 

6.3 Method of Analysis  

Analysis of all interviews began with rereading the transcribed or re-written interviews a number of times, 

highlighting interesting points and summarising certain paragraphs with phrases in the margins. Trost writes 

that through re-reading new ideas which can be used in analysis are usually gained. Furthermore by highlighting 

interesting parts the amount of data to be studied was reduced, which also makes it easier to find patterns later 

on (Trost, 2005). The interesting points and summarisations were then categorized within different themes 

depending on what group of interviewees is being analysed. This categorization was done with the help of post-

it-notes and the structured in Excel. With the help of this categorization comparison between interviewed 

groups was made, as well as a comparison to the information found in my literature study.  

 

ALRT staff, SE and customers 

A purpose of the interviews with ALRT staff, SE and customers was to identify what competence needs SE 

had, in order to increase sales. Therefore the categorization of these interviews was based on Kirkpatrick’s 4 

level evaluation model; reaction, learning, behaviour, results. The chosen themes for the categorization were; 

results, on-the-job, learning¸additional factors and implementation. The table below describes these.  
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Categorization Description Fictive example 

Results What should education 
activity lead to? 

What measurable results the 
interviewees felt should come 
out of an educational program. 

“a training course should 
lead to increased sales” 

On-the-job 
 

What do SE need to do? Corresponds to behaviour 
change in Kirkpatrick’s model 
and address what activities the 
SE need to able do in their job. 

“the role of SE as I see it 
is to be able to present 
and promote the reactor 
to potential customers” 

Learning 
 

What do SE need to know? The identified skills and 
knowledge the SE need to learn 
in order to increase competence. 

“Know about the 
capabilities of the 
reactors” 

Additional 
factors 

What more affects SE job? Added so as to include other 
needs and issues that were 
identified as necessary for SE to 
be able to carry out their job, as 
it is not always a learning need. 

“Many people at 
different levels of the 
organization need to 
agree on the purchase of 
the reactor” 

Implementation How should SE learn? Includes what learning methods 
the interviewees thought would 
be best.    

“We definitely need a 
training course” 

Table 3: Description of categorization for analysis of SE, ALRT staff and customer interviews 

AL staff 

The re-written interviews with AL personal working with training were organised to fit the structure of the 

interview guide (development, implementation, evaluation). This allowed for easier analysis of interviews, since 

they now had a similar structure (Trost, 2005). The main purpose of the interviews with other AL employees 

was to get inspiration and ideas on how they work with training therefore the interviews were analysed 

according to the following themes; 

Categorization Description Fictive example 

Development What steps were taken to plan 
the training course? What things 
needed to be considered? 

“we first study the participants previous 
knowledge and background” 

Implementation What methods were used when 
implementing a training course? 
What was considered and how 
practically was it done? 

“we use hands on training” 

Evaluation 
 

What is evaluated and how is it 
done?  

“it is the participants reaction we evaluate at 
the end of the course. Was the course what 
they had expected etc.” 

Table 4: Description of categorization for analysis of AL staff interviews 

Previous educational course 

Since one of the research questions are about studying the effect of the previous ALRT training course this will 

also be analysed. It is previous PowerPoint presentations from the course and interviews with previous trainers 

of the courses that were analysed. It was analysed mainly based on the CIPP model, since the main purpose of 

the evaluation is to improve that which is being evaluated. Some aspects of Kirkpatrick’s model were also used, 

however because of time constraint and because the course was run so many years earlier it could not be 

implemented to 100%.  

6.4 Ethical aspects  

When being asked to participate in an interview the interviewees were informed of the purpose of the interview 

and why they were being asked to participate. Before being interviewed they were made aware of how the 

information they gave would be used in the master thesis project. Both these points are in-line with the 

directives of the Swedish Science council concerning research involving people.5 During the interview the 

                                                        
5 http://www.epn.se/sv/start/startsida/ [visited 13th September 2012]  

http://www.epn.se/sv/start/startsida/
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participator had no obligation to answer all the questions.  Furthermore in order to increase the ethical aspect 

the interviewees were kept anonymous (Bryman & Nilsson, 2002). 

6.5 Validation and reliability  

A limitation with interviews is that the interviewees may give the answers that they feel the interviewer wants to 

hear. This can reduce the reliability of the interviews since if the interviews were to be carried out by someone 

else at another time the results could differ (Bryman & Nilsson, 2002). However stressing that the interviewees 

will remain anonymous and the fact that the interviewer had not been involved in previous events or even 

really in present events hopefully helped them be more open and honest. Especially during interviews with the 

SE an openness and honesty was felt since they mentioned things that would not necessarily improve their 

reputation.  Naturally if the same questions were asked at another time, the answers would not be identical 

since situations around the interviewees change.  

The questions on the interview guide were shown to another person to check that they actually measured and 

addressed that which the interview guide claimed to address. This in order to increase validity (Bryman & 

Nilsson, 2002). 

The customer interviews not being recorded because of sensitivity and practical issues could have led to the 

reduced validity of these interviews since the conclusions drawn from re-written notes may not be an accurate 

picture of the real situation. However as detailed notes as possible were taken and much of that which was 

understood and concluded from the customers interviews was confirmed by the other interviewed groups. To 

increase validity and credibility it would have been good if more customers had responded and been available 

for an interview.  

Through showing the conclusions drawn from the ALRT staff interviews to some of the ALRT staff 

interviewed they could make any necessary changes.  This allowed the interviewer to confirm that the answers 

and situation was accurately understood, which is a sign of validation or credibility as some authors say 

(Bryman & Nilsson, 2002). Additionally when interviewing the SE, they themselves often asked whether what 

they had said was understood allowing the interviewer to admit if something was unclear. Thereby allowing the 

interviewer to understand the situation as accurately as possible.  
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7 INTERVIEW RESULTS 

The results are divided into the different interview groups; ALRT staff, SE, Customers and AL staff working 

with training. When presenting the results the same categorization as that of the analysis and discussion namely; 

results, on-the-job, learning, additional factors and implementation. With results being what the interviewees said 

educational activity should lead to. On-the-job being the skills and knowledge SE need in order to be able to 

sell the reactors. Additional factors being other factors that may hinder or help SE to sell the reactors.  

Implementation is the ways that the interviewees said learning should occur. The results from the interview 

with the AL personal working with training will be presented as development, implementation and evaluation of 

training courses.   

7.1 Interview with ALRT staff 

Results  

Results were explicitly mentioned by one ALRT staff. To increase the number of SE working with selling the 

product, and be more independent in driving the sales process and increase sales of the reactors(ALRT2). 

On-the-job  

All interviewed representatives from the ALRT department expressed that the SE need to be able to identify 

customers who would benefit from and be able to use the plate reactors and contact them. It is rarely the 

customers who approach the SC with a request to buy the reactors, since the product is often new for the 

customer and so they don’t know that they need it.  ALRT staff mentioned that it is challenging to know which 

customers to focus on and who within the company to contact. As ALRT5 said; 

 “… it is partly this, to find which customers to work with. And to find the right person to talk with. 

That I think is the difficulty. And to, depending on who you talk with you need to have and use 

different arguments” [translated from Swedish].  

It was mentioned that it is usually innovative companies who are willing to try new things who buy the reactors. 

Additionally SE must approach a different type of customer with different requirements. As ALRT2 said; 

 “…so that as long as we sell these products more to R&D and pilot scale level, you will meet other 

people compared to when you out selling separators and heat exchangers. Those you sell mainly to 

engineering people. Engineering departments and technology people” [translated from Swedish].  

According to the ALRT department the SE should also be able to organize, plan and carryout customer 

meetings and be able to present the reactors, including the advantages of the reactor. For example ALRT1 said 

”increase the SE competence to a level where they could go out an describe the product. To be able to describe 

what advantages there are with the product” [translated from Swedish]. However like ALRT2 said the idea is 

not that SE should become experts;  ”do not this we should expect, and we do not do that either, that the SE 

will become experts” [translated from Swedish].  

Finally the majority of the personal interviewed also expressed that the SE should act as spotters. Being able to  

do the initial screening and identify whether a customer’s process could be carried out in an ART reactor or 

not. An example of this is what ALRT3 said; “…they [SE] have to have some better understanding of what is 

possible, which maybe you know through further education. And be able to identify real and not real 

opportunities.” 

Learning  

The interviewed ALRT staff said that naturally in order for SE to be able to sell the reactors they needed to 

learn about the product. Such as the technical aspects like flow volumes, residence times, pressure drops and 

also how the plate reactors work. As the product differs from other products at AL this is especially important. 

As ALRT4 said when asked about what SE need to learn:  
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”to gain a greater technical understanding of how the product works in the customers process. It can 

vary a lot. There are some main points which are general for any process. And they are then to look at 

which flows rates, which residence times. Pressure drop, which is linked to viscosity. It is I guess those 

things which I believe are the most important to understand and be able to describe for the customer in 

simple way” [translated from Swedish].  

Additionally it was mentioned that the advantages and unique selling points with the product including the 

advantages of the reactor compared to competing technologies. ALRT4 said ”the most important for the SE is 

to bring up what advantages exist with our technology compared to competing continuous flow technology 

and competing batch technologies” [translated from Swedish].   

Also information on how the customer carries out reaction process today and how the reactors will fit in their 

working environments should be brought up. As ALRT3 said; “but you have to, to some extent understand 

how the customer works and those environments who use our technology.”     

Additional factors 

A challenge related to the sales process of the ART reactors which was mentioned is that it is a long sales 

process. First the customers may have to work on adjusting their process and testing them on rented plate 

reactors. Then after further adjustments they may decide to buy it.  

“And the process to getting to a sale, which is where they get paid, is much much longer. So that is 

another issue. For the sales companies. They have to be willing to wait that time. And several of them 

don’t have that long time to wait. Sales people have targets to meet.[…] So you have to have people who 

have it in their job description to grow a business, rather than to meet targets. That was what was in my 

head” (ALRT3). 

Furthermore it was mentioned that the plate reactor technology business is not always prioritized by the SE. 

While selling the reactors they are also working on selling other AL products, and these are usually prioritized. 

As ALRT3 put it; 

 “Very rarely, I guess it is quite rare that any of our sales people go out to sell plate reactors. It is 

something that they add on to what their general business is. They are not dedicated to selling plate 

reactors. They are selling other stuff and they have this in their back pocket as well.” 

Additional things that ALRT staff felt SE needed in order to increase the chance of sales was a quantification 

of benefits, more tools for marketing and explaining the reactors with.  Also though good models and videos 

that visualize the reactors exist they felt more were needed (ALRT2, ALRT3, ALRT4). The need for up-to-date 

presentations was also mentioned (ALRT2).  

Implementation 

All ALRT personal said that a training course was needed to help increase competence and knowledge of the 

SE. An example of this is what ALRT4 said when asked what type of information material is missing; “partly it 

is training so that they [SE] will be more competent in how the product works” [translated from Swedish].  

Incorporated into the courses should be practical exercises and exchange of experiences. On-the-job training, 

through SE attending customer meetings together with central staff at ALRT department was mentioned 

(ALRT2, ALRT3).  

7.2 Interview with SE  

Results 

A possible educational course should result in SE begin spotters and also increased awareness of the reactors in 

SC and AL. As SE4 said “And actually to develop awareness with our end users. Because most of the time they 

are obviously not aware of the ART technology, it is too new[…]So what is essential for us all together, not 

only for ART is to develop tools to develop awareness.”     
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On-the-job 

The SE described their role as being to present the reactor and comfortably talk about it or as SE 3 put it when 

asked about his role “For selling it [AL plate reactors], showing it [AL plate reactors] and introducing it [AL 

plate reactors] to the customers.”   

One SE went on to describe that they should be able to present AL as a solution provider and incorporate the 

sales of the reactors into their other sales; 

“So rather than offering products only, we are much more of a kind off solution or synergy 

providers[…]Now if you come to main users with different solutions, different products and showing 

that we at AL are able to organize all these products to revamp a process line, to develop a new process 

line, to optimize an existing process line you have much more strength and benefit to the end users. So 

my view, our view is that if tomorrow we come up with a promoting the ART, this should be integrated 

within the portfolio” (SE4). 

Along with this at least three of the SE said that a main challenge they face, and a great task they have is 

convincing the customer that this relatively new technology works and that changing to continuous flow has 

many advantages.  As SE1 said; 

 “There is two issues, in fact. It is a new technology. There is a very old but confirmed technology, batch 

technology. So first, you have to convince people. So usually you have to, it is not the conversion of 

technology. The customer needs to have a new process and new installation of something. That is quite 

difficult (in my opinion) to really convert. So the main challenge is to promote the technology for new 

process and new installations and also we are in competition with Corning.” 

Furthermore they need to convince customers that their reactors are better than competing continuous flow 

technologies as well as the traditional batch reactors that have been used for years. SE6 described a 

conversation he had with several customers; 

“I had a meeting, one of the the customers, I think it was six or seven [there were between six and seven 

other customers there in total]. And he [a customer] said hey guys we do those batch reactors for the last 

100 years, don’t you think it is time we think about it, how we can do it differently, more cost efficient. 

Or. So one of the others [another customer] said. Looked at him and said why? (haha) it works (haha) 

why just differently. What is the advantage and so on and so on.” 

Additionally they need to be able to use different types of arguments to convince several people with different 

backgrounds, within the organization. As SE2 described it; 

 “First of all there is the management level where you have to convince them that they need to go into 

this new technology. But there is also the technical skilled people. You have to convince them that this a 

technology that can be used for their production or maybe for future production off course. And they 

are 2 different targets as far as I can see it.”  

Learning 

The SE mentioned that they need to have a certain competence when meeting the customer. As SE6 said “I 

mean ART is not a presence driven product. That is a competence driven product. A customer expects a 

certain competence when. Otherwise it stops very fast. So that is a bit my experience.” However several said 

that they by no means can or are planning on becoming experts and that the ALRT department centrally 

should back the SE if more technical questions arose (SE4, SE5, SE6). When SE6 was asked to further explain 

what competence was expected from the SE the answer was “Ya, I mean not in detail. They don’t expect them 

in being a chemist and could discuss every reaction. But a certain background is needed to start the 

conversation. Otherwise it gets stuck in a couple of minutes.”  
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When asked what to include in a possible course SE1 referred to a previous course where the following was 

taken up. “Where they first discussed process intensification. A description of all you have in the market. And 

after, they have all the bases, technical bases in micro/ macro and microfluidic, distribution. Energy transfer 

and so on.” 

Additionally understanding the limitations with the reactors is needed, in order to understand if the customers 

process is applicable for the plate reactor..  SE1 put it 

“But you have to very quickly understand, what we can manage or not in a reactor. Because usually the 

customer is dealing with new processes […] It is quite easy to say liquid- liquid and so and so on. But 

sometimes there is for example fouling application. Sometimes you have some. You have to understand 

the major issues of microreactors, such as fouling, solidification. All that sort of things. So you have to 

understand the limits.” 

In order to convince customers, naturally learning about the advantages, features and benefits with the reactor 

is necessary. SE5 said the following when asked about the content of a course: “Because the most important I 

think is that sales engineers can give the advantages of the reactors. And why customers should go for that. 

And that is a simple list of bullet points.”  

SE said that one of the first questions customers have is how does scale-up work. How can they go from R&D 

and production using the reactors. SE2 is an example of this, “And everyone is asking, if we put it into 

production how do we do this. How does it work in daily life, so to say. We don’t have a lot of experiences of 

this. So it could also be nice to have some type of case story. This is running in production.”  Also information 

about peripheral equipment. “Yeah. And eh, no that’s and off course also some points about the peripheries, 

pumps issues. How to connect and operate it. More or less.” (SE3)  

Gaining an understanding of competitors technology was also mentioned by all SE. Including differences in 

investment costs and costs. As SE6 put it having a broader knowledge of competing technologies means 

customers are less likely to be able to trick the SE about for example the cost of competing technologies. “So 

sometimes they [customers]play around such games. And I think it is a bit competence in selling also, if you 

have a bit broader picture. And know that. And maybe if I could have said. Hey came on you’re kidding. (haha) 

We had lets say brought the whole discussion on another path.”  

The SE said that they are aware of, or that it is at least their responsibility to be aware of the market in their 

region (SE2, SE5). However they would like to know more specifically what customer segments to target and 

why. “This kind of projects we have done with these customers and you can say, okay this was producers of 

paint or whatever. And then you say we have also one that can be of interest. Because fine chemicals and 

pharmaceuticals, we have really big lists” (SE5). Customers mentioned by SE that they target included 

“engineering schools, and for training process engineers interested in the technology” and biotech processes 

(SE1). A SE said that today there is a trend from fine chemicals to biotech processes. And that “when you do 

bio fermentation extract and concentrate APIs that means that in any case, downstream the fermenters, you 

will need fine chemical reactions. And this is where the ART technology comes into the picture” (SE4). 

Knowing what steps and reasons lead up to a successful and unsuccessful sale was mentioned. SE6 said  

“Describe a bit what was the critical success factors, what was the conditions that we got that order. 

This particular customer, what was so interested. And drove it. And maybe another where we got stuck 

on a couple of reasons. And the process is postponed. And what arguments could be come up again. To 

overcome such obstacles.” 

Finally the SE should know “how to manage requirements” and “more precisely what type of trials you can do 

on sight or in Tumba” (SE1). 
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Additional factors 

The SE expressed that despite putting a lot of effort into selling the reactor they have not seen so many sales, 

which can be quite frustrating. As SE3 put it; 

“I mean there are good benefits and all that. But it is hard to sell. And the competitors, there are other 

solutions in the market, and cheaper, especially cheaper ones. More simple. And for some customers 

that is enough. Sometimes I think it is too sophisticated maybe, I don’t know. And then in the end. It is 

just a little frustrating business. The hit ratio is very very low. The success ratio.” 

The SE feel that the product is good but customers are reluctant to change from traditional batch processes. 

Also especially the pharmaceutical companies need to go through a whole validation and approval process, 

getting agreement with all their internal customers before being able to implement the new technology. SE2 

said the following after describing the advantages with the reactor; 

 “So there are actually a lot of advantages and competitive adds for the customer but it is really hard to 

convince them to put effort into this technology. As I see so far it is only the, some of the big, fairly big 

companies that they have a really good R&D department and so on, that can put resources into this.”  

And as SE 5 said “we had really good results. But in the end they [customers] said but they know it works in 

the batch and that was fine, and no we stay to that. And that is a really negative signal. ” Certain aspects such as 

the fact that process intensification is being brought back up in the press in France, new legislations and the 

push towards greener processes means the reactors and what they offer are going to become what the customer 

needs (SE1,SE2,SE4). 

They also see ALRT department as being responsible for handling the chemical questions, when it gets 

complicated. They should be “providers of design codes, and obviously of process development of any 

reaction” (SE4). ALRT department should handle the direct one-to-one contact with the customer and 

according to one SE take the active role in finding and contacting customers, since the SC does not have the 

resources. However the SE did say that this should be from a case to case bases (SE5). One SE did not want 

ALRT department to “deal directly with customer rather than going through the local subsidiary” (SE4).   

When asked what additional information material was needed all the interviewed SE said that they really need 

some references or more real life case stories. The customer sees that the reactor “looks good on paper” but 

needs references to see that it actually works in real life (SE2). Case stories of the reactors running in 

production. They understand that it is difficult to get hold of them because “it is quite confidential” (SE1). Also 

it was asked for information on the “what are the savings associated to continuous flow” (SE4).  

Furthermore it was mentioned that ALRT department should look into a possible partnership in order to be 

able to provide an “integration of our equipment”, i.e. provide pumps and other peripheral equipment and not 

just a unit (SE2). But the SE said he was aware this may not be so easy, “because it can be customized in many 

different ways” (SE2).  

SE also expressed directly and indirectly that the sales of the reactors is not always prioritized because; the 

market is small, not enough resources within the SC and poor sales figures of the reactors in the past (SE2, 

SE3, SE5). Two SE have therefore explicitly asked for more follow up and contact from ALRT department. 

(SE2, SE5) As SE2 said; 

“But they [ALRT staff] might be able to push it a bit more. Following up, calling the SC. Okay now how 

is it actually going. We made this sales plan, have you visited the customers. What was the reaction. Is 

there anything we can do to help you? Even if I know that if we have a need I can call them. But you 

know, in some cases like a salesman we go for the sale. So if there is a bigger opportunity sometimes in 

other areas we try to go for that and put a little bit more effort on that.” 
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Additionally the reactors have a longer sales process, with a long decision process before. SE4 said that the 

process is “to rent, to sell, to support to communicate, to develop and then we size. So the sales cycle is 

obviously between 3-5 years, but we should be aware of this and Alfa Laval should be aware of this” (SE4). So 

first they need to sell the smaller reactors to R&D and eventually when production stage is reached many large 

units need to be bought, and so there is a large potential.  It is good if new sales engineers are aware of this 

(SE6). 

Implementation 

SE expressed that training courses were needed for new SE while they who are more experienced SE did not 

see a need for a course (AL2, AL5). But “more like a sales meeting” (SE2) was needed, especially since at the 

SC it is usually just them working with the sales of the reactors. SE mentioned that in these meetings they 

would be able to share experiences and get some new information from the other SE, as well as discuss “a kind 

of promotional and awareness campaign” (SE4).  Also discuss “what are the most interesting customer groups 

around and why” (SE6). Furthermore it was brought up that for new SE to “meet with experienced guys [old 

SE] worldwide, suddenly they say, oh it is not only theory. It is practical. It exits, It works” (SE4). 

A SE mentioned that dialogue with customers is good in order to learn a bit more “about our future customers 

within this area” and therefore it is good to talk to technical people since “they want to tell you a lot of things” 

(SE2). 

Finally when asked about the newly started collaboration site one SE said “it is really needed” (SE5) a view 

shared by others (SE6, SE4, SE2). SE said that is can be used as a place to “share technical discussions and also 

questions from the customer” (SE5) and have “updated information” (SE6) and presentations. Also it can be 

used to put up information that would be useful to other SE like that this company is building a new plant, 

perhaps they would be interested of the ART reactors (SE2) Furthermore using the sight to share success 

stories (SE5, SE6). 

7.3 Interview with customers 

Two customers were interviewed. One customer said that before meeting the SE he knew nothing about the 

plate reactors. It was through advertising or a conference that he first heard about the reactors (CUST2). The 

other customer mentioned that they knew it was some form of a channel reactor that used flow chemistry 

(CUST1). 

Things that the customers wanted to know more about, and felt SE should know was information about the 

pressure drop (CUST2), capabilities (temperature, pressure and viscosity range), mechanical characteristics (i.e. 

mixing and linear velocity) (CUST1).  Also that SE should have some basic knowledge and give some advice on 

peripheral equipment, limitations of system and give an overview of AL reactors and components and 

application and use of each part (CUST1). Both customers mentioned that set-up; i.e. finding pumps, setting 

the operational program was difficult and took time.  

Both customers were happy with the existing communication with the ALRT department. CUST2 mentioned 

that not everything could however be shared because of confidentiality reasons. One customer said that at first 

it was difficult to find who to contact (CUST1). Furthermore the customer brought up that it would be good 

for AL to have closer customer contact, after signing a confidentiality agreement, and that both parties would 

benefit from this. Experts at AL know their reactors the best and what it is capable of and what application 

areas it has been used for, so customers can get help in adapting their processes to the reactors and seeing its 

potential. Likewise AL will see new application areas of their reactors. Having AL experts available for trouble 

shooting and support, especially during the start-up phase was also mentioned. It would help to encourage 

customers to try to use the reactors (CUST1). 
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7.4 Interview with AL personal working with training 

Development 

AL1 expressed the importance of first realizing if there is a training need, or if the need actually lies in resource 

problems or lack of motivation. In combination with this identifying what the competence needs are and hence 

what type of training is required is done through looking at what is called a Connect Plan. Which is a 3 year 

action plan based on business needs, and is filled out by local SC at the end of each year. The connect plan Is 

nailed at the beginning of each year through a handshake meeting between SC and AL centrally. 

In the Connect Plan there is a section where the SC fills in the competence needs that the SE have, if the 

business goals are to be met. Other training responsible also mentioned using the Connect Plan for identifying 

competence needs (AL2, AL4). 

The development of training courses is also on an ad hoc bases (AL1, AL4).  Perhaps a new product has been 

developed or there has been a new merger. Direct dialogue between the departments at AL and SC as well as a 

gut feeling were other ways that competence needs were identified (AL4). The mangers of SC may themselves 

contact AL when they have new SE who need to learn more about a certain product (AL2, AL3). 

In the past a competence survey was sent out asking how well SE understood and knew a product from a scale 

of 1-5 (SE1). This was described as a good way of getting an overview; however it was not really used for the 

development of training courses. One department also carried out a survey when setting up their academy, with 

the aim of identifying competence needs. This survey was sent out to all SE that work within their area and 

included a list of all possible courses. The SE were then asked to identify whether they; needed more 

knowledge in the area, knew enough to explain to someone else or did not need knowledge within this area, 

since they did not work with this. The interviewed said that the survey had a large result and allowed for a more 

personal follow up, since they were now aware of the competence needs of each individual SE. The results 

from this survey were then taken into consideration when decisions for which courses to develop were made 

(AL3). 

Most departments than went on to writing a training strategy and plan (SE1, SE2, SE3). Information on the 

objective, target audience, language and length of the course language was included. Also a more detailed 

description of the problems that will be addressed and specific measurable activities that the learner should be 

able to do once back on- the-job was included. Even identification of possible risks to the set up the training 

program, and measures taken to avoid them can be made. One department based part of their training strategy 

on the following 4 points; namely what feeling should the course create, what knowledge should participants 

learn, what behavioral change in the participants should the course result in and what organizational results 

should be seen.  Following this some departments then wrote a more detailed plan on what must be included in 

the course in order to meet these behavioral changes (AL1, AL3). Following this the actually designing of the 

course took place.  

It is the normal employees at AL who designs and hold in the course. The training developer can go a course 

called train the trainer and also training responsible gives advice and help on how to plan and hold an effective 

training course. One department even organizes gatherings for trainers to meet and exchange ideas surrounding 

the training courses (AL3). AL1, AL2, AL3, AL4 said that it is important since the trainers are not always very 

motivated or pedagogical and therefore it is important that they get the support they need.  

Implementation  

Within AL the methods of implementation include classroom learning, virtual classroom learning, e-learning, 

on-the-job training, self-instructions learning and blended learning. A document with a set of questions to 

identify what implementation method is best suited for the training need exists.  

Generally a combination of hands-on-training and PowerPoint presentations was used. However all 

departments used the term “Death by PowerPoint” to stress that just using PowerPoint will not give the 
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desired effect. Hands on training in the form of being able to assemble and dissemble the products was used. 

The reason for this was to gain an understanding of the product, and make it easier to understand what was 

being taught. Also it is a good activity for after lunch, when participants are too sleepy to do something 

theoretical. Animations and films were also used in training.  

On the job training is also used. An interview described how they hold the training course some days before a 

fair, in order to after the training allow SE to together with the trainers meet customers at the fair (AL4). Also 

doing customer visits and allowing SE to participate was mentioned (AL4). Another important aspect with 

implementation mentioned is the importance of it being fun and rather easy. No boring course.  

Participants were also asked to prepare and complete certain exercises before coming to the course and present 

it to others in the course.  An interviewee stated the importance of interaction between participants and also 

participants and lecturers. In order to understand the industry area of application visits to for example actual 

breweries, dairies is done. Also they make use of case studies to allow the SE to actually use the tools available 

to them to try and identify the product that will suit the customer. This identification can be done in pairs 

followed by the trainer reviewing and giving feedback and advice on their selection (AL2). 

Allowing the participants to in a safe environment practice the changes that the course is aiming to achieve was 

also mentioned. So participants practice presentation or writing quotations, if these are behavior goals that 

should be achieved (AL3). 

A common method of working was having several courses, each with a different focus. So some courses are 

focused on technical issues while others are focused on the commercial and applications side of the product. 

These courses can then be mixed and joined depending on the training need. Furthermore departments offer 

different levels of courses depending on how long the SE has worked with selling the product. Since this will 

defined how advanced/ detailed the course should be.  

At one department the main focus of training is to emphasis the value for the customer and not simply 

presenting the technical aspects of the product. They have called it channel training. So all technical 

information needs to be taken one step further, namely that all benefits and features of the product are closely 

linked and presented in such a way that the end value to customers is clearly portrayed. More specifically 

courses focus on the commercial part of the product including key sales arguments, exploration of the 

advantages and benefits with product. The participants are also given the opportunity to compare AL products 

with competitor’s products as well as practice using the sales tools available to them during the course (AL2). 

One department is looking in to the possibility of creating a group forum where participants of a course can 

meet and exchange experiences and thoughts before the course begins. Perhaps work on a common 

assignment before the course, to bring them closer together and start the thinking process (AL2). 

Also the possibility to access course material (such as the PowerPoint presentations) after the course is 

mentioned. This information can be used for SE to review information as well as to give customer 

presentations or teach other SE in the company. The course can be held even by someone who did not design 

the course (AL2, AL3).  

At AL the training courses can be carried out in the following places: 

- Central courses at educational centers: These centers have classrooms facilities as well as possibility for 

hands on training because most of AL products are available there. An advantage mentioned with 

holding central courses is that the people who are experts in the products are present. So participants 

can meet them face-to-face and form a contact network (AL2). 

- Regional courses at SC: These types of courses are increasingly being carried out, since SC can be 

reluctant to pay for SE travel to central courses. The advantages mentioned with these courses are that 
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they can be more tailored to the specific needs of the SC and the geographic market they work in 

(AL2). 

- Finally courses can also be carried out at Service centers or what is called AL Campus located in Asia. 

Here AL cooperates with a university there, and can use their facilities as well as the AL products that 

the universities have (AL2). 

Evaluation 

All interviewed mentioned that it is difficult to fully determine whether the course has resulted in the desired 

behavioral results and if the participants have implemented what they have learnt when returning to their job. 

This being partially because the learners may not be given the opportunity to implement what they have learnt 

directly when they get back to their work place. Dialogue and involving the managers of the SC in the 

evaluating processes is one step towards better evaluating behavior change (AL1, AL3, AL4). SC managers 

should have an interest in evaluating behavior change since they have made an investment by sending the SE to 

the course (AL3). 

Another department looked at increased sales, to determine the quality of the training course (AL4). Other 

ways of evaluating included studying whether SE had increased customer meetings and quotations after the 

course. Additionally evaluating sales compared to a set sales target based on one of the SC that had a good sales 

flow was mentioned.  

One evaluation done in most departments is evaluation through happy sheets (AL1, AL2, AL3, AL4). These 

evaluations are filled out at the end of the courses where participants evaluate such things as the trainers, 

documentation of the course and whether the course was what they expected. It is an indicator of what feelings 

the participants have towards the course. 

All expressed the importance of training courses. And many could present positive results and feedback from 

the courses held at their department (AL1,AL2,AL3, AL5). However they also mentioned that at times of 

financial cuts it can be difficult to convince SE to attend especially central training courses (AL1,AL2). 

7.5 Summary of interview results 

Here follows a summary of the interviews of the ALRT staff, SE, customers and AL staff: 

 ALRT SE  Customers 

Results: 
What should 
educational activity 
lead to? 

Increased independency 
More SE able to sell 
reactor 
Increased sales. 

Increased awareness of the 
plate reactors 

 

On-the-job: 
What do SE need to 
be able to do? 

Identify customers 
Plan and hold customer 
meetings 
Describe and explain the 
product 
Identify potential cases 

Convince many different 
people to implement this 
new technology 
Describe product 
Present AL as a solution 
provider 

Describe the reactors 
and continuous flow 
technology compared to 
i.e. channel reactors. 
Describe available 
components to the 
reactors 
Advice on peripheral 
equipment needed 

Learning: 
What do SE need to 
know and learn in-
order to carry out 
their job satisfactory?  

Knowledge about the 
product 
Advantages with the 
product 

Knowledge about product 
Advantages of product 
Critical success factors for 
selling ART reactors  
Limitations 
Competitors 
Customer segment to focus 
on 
How to do scale-up in the 

Application/ use of 
each component 
Capabilities of reactor 
Limitations  
Peripheral equipment 
needed 
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plate reactors 
 

Additional factors: 
What more affects SE 
job? 

Longer sales process 
Not prioritized in SC 
Quantification of benefits. 

Hard and frustrating to sell 
Not prioritized 
Longer sales process 
References needed 
Partnership with peripheral 
equipment provider 
ALRT should handle very 
chemical questions 

Set-up of a reactor is 
difficult for the 
customer 

Implementation: 
How should SE learn?  

Training course 
On-the-job training 

Training for new SE 
Sales meeting/ champion 
meeting for experienced SE 
Collaboration site 

Two-way 
communication with 
the customer 

Table 5: Summary of results from the interviews with ALRT staff, SE and Customers 

 

Development Identify training need 
Identify competence need of participants 
Write training strategy  
Write detailed plan of course content 
Coaching of course facilitators  

Implementation Variety of methods depending training need 
Channel training; focus on customer and value for the customer 
Courses can have a more technical/ commercial etc. focus. 

Evaluation Difficult to determine behavior change 
Involve managers 
Happy sheets used to evaluate reaction 

Table 6: Summary of results from interview of AL staff 
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8 ANALYSIS AND DISCUSSION 

As mentioned earlier the analysis of the interviews was done through categorization into the following themes; 

results, on-the-job, learning, additional factors and implementation, based on Kirkpatrick’s evaluation model. Results 

being what the interviewees said the educational activity should lead to. On-the-job being the skills and 

knowledge SE need in order to be able to sell the reactors. Additional factors being other factors that may 

hinder or help SE to sell the reactors.  Implementation is the ways that the interviewees said learning should 

occur. Based on these categorizations the results from the different interviewed groups are compared to each 

other and the earlier literature study.  

8.1 Analysis and discussion of interviews with ALRT, SE and customers 

Results 

Though not stated explicitly by all interviewed ALRT staff the tangible results of improving the competence of 

SE is; increased sales volumes, increased number of SE working with selling the reactors and more effective 

and independent SE. The main purpose of this master thesis was to improve competence of SE in order to 

increase sales. Another result mentioned by a SE was that increased awareness of the product, both amongst 

SE and AL is a result to strive for.  

On-the-job 

The dominant behavioural characteristic mentioned was naturally that the SE should be able to describe the 

product. More specifically it was mentioned by the customer that they should be able to describe the general 

capabilities of the reactors, i.e. temperature and pressure range, what chemicals the material withstands. ALRT 

interviewees mentioned the importance of being able to describe characteristics of the reactor such as mixing 

and residence time. Both a majority of the SE and ALRT interviewed also mentioned that SE should plan and 

organize their own sales meetings. They should contact customers and plan what to bring up at the customer 

meeting. Furthermore a SE mentioned that they should be able to create a product awareness in the market and 

also internally.  

The interviewees at the ALRT department said that SE needed to be better at finding potential customers and 

identifying potential cases. The SE however mentioned that they are rather aware of the market that exists and 

that to increase sales it is rather a matter of persuading customers that continuous processes and AL’s reactors 

actually work. Convincing them of the advantages with AL’s reactors as oppose to competitors reactors and 

traditional batch reactors. Also identifying the advantages that exist specifically for the customer’s process. As 

the literature stated customers are reluctant to convert from traditional, reliable and know batch methods to 

newer continuous technologies (Jähnisch, 2004).The SE expressed that this was difficult and that the reactors 

need to have substantial advantages. SE also expressed that they needed to know what customer segments to 

focus on. From the interviewees conducted one realises that already today SE have experience of talking to 

many customer groups, so this information needs to be shared in-between groups. To share which customer 

segments/ branches seem more willing to try this new technology and who within a company to contact.  

The interviewed customer also said that they would like to see the SE helping to identify what equipment 

would be needed for their process, as well as a possible method for carrying out a continuous process. Even 

ALRT personal mentioned that SE should be able to give advice on what equipment the customer could 

possibly need or at least know where the customer can turn to get the help needed with auxiliary equipment.   

Learning 

All interviewees mentioned that in order for the SE to be able to describe the product they need learn about 

the technical aspects of the product and how it works. More specifically such things as cleaning of reactor and 

calculation of number of plates required to reach certain residence time was mentioned by a SE. This 

knowledge can be seen as being of an explicit nature. SE went on to stress that it is important that SE even 

learn about the limitations of the reactor, something ALRT did not bring up explicitly.  As seen from literature 

study, though microreactors have many advantages there are some disadvantages with the technology such as 
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fouling and continuous flow reactors not having the same multipurpose function as batch reactors. One SE 

mentioned that chemical customers are often aware of the possible limitations with the reactors. Hence it is 

important that SE is aware of the limitations, so that they may come with counterarguments. Being aware of 

the limitations will also help in deciding which the potential cases are.  

Learning about the competing technologies (batch, other continuous flow reactors) and the differences 

compared to the plate reactor was also important. The comparison should include the advantages, limitations, 

technology and also financial cost and savings. For example ART® plate reactors are more flexible in the sense 

that it is easy to open the reactor for cleaning. Both SE and customers also mentioned that SE should have 

some understanding of process intensification and for scale-up and how to use reactors in production. ALRT 

staff and SE mentioned that SE need to know what ALRT is offering.  

That SE needing to be aware of the advantages and unique selling points was also mentioned as important. 

This will not only help SE as they try to convince customers to purchase the reactors, but also convince the SE 

themselves that this new technology and the reactors are actually pretty good. The reasons for these advantages 

should clearly be explained, preferably with real life examples. Some specific advantages found through  

literature study which apply to ART® Plate reactors include smaller reactant volumes needed, easy scale-up, 

easier distribution of production and ability to study the reaction as it occurs, by taking out samples.  

That the SE is aware of the environment that potential customers of the reactor works in as well as the reactors 

application area was also mentioned, especially by the customer. The customer explained that since the SE has 

seen the use of reactors in various applications their feedback, and information about this is invaluable. Also a 

SE mentioned the need for more detailed description of the application areas of the reactor. The literature 

study showed that continuous flow reactors are suited for reactions that have a great enthalpy change, unstable 

intermediates and reactions that involve hazardous reagents (Afonso & Crespo, 200; Jähnisch, 2004). Future 

research in the area of microreactors showed that they are becoming a popular choice for nanoparticle 

synthesis.  

Perhaps some of the knowledge, skills and attitudes which the SE need to learn are actually also tacit 

knowledge, such as finding what customers to go to and what people to talk to as well as ways of convincing 

customers to take the next step, which the personal at ALRT and SE have experience of.   

Additional factors 

There is more than just a training need for SE to be able to sell the plate reactors. The interviewed ALRT 

personal mentioned that no quantification of benefits existed and that there was a lack of films and models to 

explain the product.  

All SE stressed the importance of references and real life case stories to show potential customer, in order to 

convince them that it actually works. However both SE and personal at ALRT conveyed that it is difficult since 

their customers are reluctant to share out of fear that they may then lose their competitive edge. The literature 

study also brought up the lack of real life examples of the implementation of microreactors available because of 

confidentiality reasons (Afonso & Crespo, 2005).  However ALRT should work on producing case stories 

which only disclose the information they are allowed to disclose. Put together more up-to-date information on 

the customers they have, disclosing only that which the customer agrees to. Even if ALRT should aim to get 

references, for the time being something is better than nothing.  

According to my literature study, outside forces such as sustainable development and increased environmental 

regulations encouraged the penetration of microreactors into the market (Gavriilidis et al., 2002). This was 

something that even the SE mentioned. During the first marketing campaign of the reactors in France there 

was the buzz word process intensification going around. Another SE also said that if new legislations are 

established that prevent industries from continuing with their same processes, industries will be forced to try 

something new. SE also expressed that the reactors are in-line with the customers’ needs, since they need to 

work with reducing the environmental impact. Furthermore there is a shift from fine chemistry within 
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pharmaceutical industries to bio fermentation. And here the reactors can play an important part in the 

downstream process after the production and extraction of APIs (active pharmaceutical ingredients). From 

these observations it appears that SE are aware of the customers and their market, since they work closely with 

it. Also SE have up-to-date and local information on the market and the direction of the market. So they have a 

lot to share and give in this area.  

Additionally SE reflected that which ALRT personal had brought up, namely that the sales of the plate reactors 

are not always prioritized. They have a lot to do and therefore as one SE expressed it they need more follow up 

and pushing from ALRT, to make sure that they work with selling. After talking with many of the SE the 

feeling was that they felt discouraged and unconvinced that it would work to sell the reactors. Therefore the 

updating and publishing of sales and success-stories may boost moral and convince SE that it is possible to sell 

the reactors, there are customers who are willing and find it beneficial to use. It also shows that there are SE 

who are working with selling the plate reactors. A SE later also expressed that new application areas should be 

presenting in for example the collaboration site to make SE realise that the unit is being sold and tested and 

that it is possible to sell and promote the reactor. Without breaching confidentiality agreements sharing branch 

and application information about customers will help SE and ALRT determine which applications fit the plate 

reactor well and also which customer segments to target, to easier know which customers to focus on.  

Though some discouragement existed, there was also a SE that said that the reactors open doors to customer 

contact. The reactors are something new, with relatively few other actors in the market.  This is something that 

can be stressed to encourage SE to start working with selling the plate reactors. Another part may be to find 

ways for SE to incorporate the sales of plate reactors with other AL products, or encourage SC to set aside SE 

who’s main focus are the plate reactors. Since working with sales of the plate reactors does require more 

resources and time. Also the longer process is simply something that one needs to be aware of. But that it can 

pay off eventually, since eventually the process will no longer be in R&D level but expand to production.  

 

Furthermore customers mentioned the want for online support from ALRT, especially during start up. This 

since the AL product is new for them, as is the idea of continuous technology. One SE said that in the future 

ALRT should offer help with validation of process, help customers redo process. Even a customer mentioned 

the benefit of ALRT having closer contact with customers, since this would allow for cross-learning. ALRT 

would for example become more aware of what process can be run in their reactors and customers would 

benefit from the knowledge ALRT has concerning their reactors and earlier processes that have been run in 

them. The importance of interaction and communication with the environment such as customer, to bring 

forth their tacit knowledge, and create knowledge was also mentioned in the literature study (Nonaka et al., 

2000). In order to make these customer interactions worthwhile it is important that the knowledge gained is 

effectively shared and recorded for others to accesses. Through champion meetings SE will have the chance to 

share this information. Even the collection of information of a more explicit nature, through tables, graphs and 

diagrams can give information about customers and sales.  

Finally the customer mentioned that connecting all the peripherals to the reactor was a challenge, especially 

since the people working with the reactors are chemists. This goes hand in hand with what two SE said about 

ALRT being able to provide an entire system (i.e. pumps), not just the reactor.  Also the possibility the 

customer has to rent the plate reactors is a good option. The combination of offering support, peripheral 

equipment and possibility to rent will ease customers’ decision to go ahead and implement this new continuous 

technology.   

Implementation  

What method of implementation do the interviewees feel should be used in order for SE to gain the knowledge 

they need. The main implementation method mentioned was training courses. The positive thing with this is 

that all interviewed staff at ALRT, including the manager expressed that there was a need for a training course, 

which means that they will be more willing to participate in the development and holding of a course.  
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However other implementation methods also exist and these were also taken up by some of the interviewees. 

ALRT staff mentioned how on-the-job training is used; the SE participate on customer meetings together with 

central ALRT staff. ALRT staff said that it worked well. The dialogue that occurs through these meetings 

allows for the conversion of tacit knowledge to explicit knowledge as experienced ALRT personal explain the 

reactors to the customers. The SE can then internalize this knowledge, when they get the opportunity to 

themselves present the reactors to a customer (Nonaka & Konno, 1998). However ALRT also expressed that 

this method of implementation is not sustainable to increase sales volumes, since ALRT department is 

relatively small. 

From the interviews with the SE it was also expressed that they would prefer so called sales or champion 

meetings over training courses. That people who have worked a while do not get much out from a training 

course was brought up in the literature study (Attia et al., 2005). Some ALRT personal also expressed the 

advantage with exchanging experiences. Again according to literature study it is a good way for sharing tacit 

knowledge. Furthermore some knowledge cannot just be taught, but rather learnt through experiences and 

communication. For example it is not possible to go through every reaction and type of process reaction and 

determine where continuous processes are possible. The andragogy model states that the use of the learners 

experience enriches the learning experince. Basing a part of the training course on own experience may also 

give the SE a sense of autonomy, since it is their stories that are directing the discussion. Also it makes the 

content very much related to the SE situation. Both these factors help motivate participants. At the same time 

experiences can hinder learning, so this must be considered. Also there must exist a willingness to share and be 

open to the fact that others may take and use ones ideas, without perhaps giving you credit for it. For this 

reason sharing accross organisation boarders is often preferred. Since the reactor technology market is rather 

specific for each region and the SE seem to show a willingness to share their experiences, this should not be a 

problem. Furthermore since a possible course will be in English all SE may not feel comfortable in expressing 

themselves.  

Another method mentioned was the sharing of information between SC and SC and ALRT via a database or 

collaboration site. According to literature this type of information sharing known as systemising ba allows for 

the combination of explicit knowledge, to create new explicit knowledge and also a place where people can 

answer each other’s questions (Nonaka et al., 2000). According to one of the ALRT interviewed, the idea of the 

collaboration site is just that, to create a platform where SE can share information with each other. However 

one SE admitted that they have a very busy schedule, so will not be so involved in uploading information. This 

is even something one of the other AL employees mentioned. This therefor needs to be taken into 

consideration when developing such a platform, so that it will be an effective and helpful tool for the SE, rather 

than an additional burden (Nonaka et al., 2000). Additionally sharing information and having information 

available both via a collaboration site and through a champion meeting can be seen as distributional knowledge. 

Since SE cannot know everything it is important that they can make use of and easily access this information, 

allowing them to know more than they would have known on their own (Gee, 2007). 

An important aspect to consider is how continued learning can occur and that learning definitely does not just 

occur during a course. The literature study looked at affinity spaces and CoP. According to the interviews with 

SE no communication surrounding the reactors exists with SE in other SC. Instead it is primarily internally and 

with ALRT staff. This is something that should be continued and encouraged. However since ALRT is a small 

department and does not have resources or time to handle all communication it is good to initiate conversation 

and exchange of experiences, ideas knowledge between SC. By allowing new and experienced SE to meet 

during an education course the development of a CoP will hopefully be facilitated. According to literature study 

CoP can only develop on their own (Tennant, 1997). However there is a belief that certain factors can help 

increase the chance of their development, such as having a common theme and problem that will connect the 

members and having more structured ‘group activities’ after the course. 

Concerning the communication between ALRT and SE, SE were generally happy with how it worked. They see 

ALRT role as providing support to the SE when the customer begins to ask more chemical related questions. 
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However there was also a SE who would prefer even more autonomy when handling the sales process, and that 

ALRT should not handle their customer contacts directly and SE should be in charge of renting out the 

equipment.  

8.2 Analysis and discussion of interviews with AL personal working with training 

Development 

To begin with the behaviour and competence needs of participants should be determined, since this will help 

determine the purpose of the course and the knowledge and skills that should be taught (Kirkpatrick & 

Kirkpatrick, 2007). Most AL personal working with training expressed that they tried to work with identifying 

competence needs of participants, especially at start-up of new courses.  

After identifying the competence needs a training strategy was done, built very much on Kirkpatricks 4 level 

evaluation method, with a description of results, behaviour change, knowledge and skill needed. A difficulty 

expressed by most was that AL staffs responsible for planning and holding the course did not always have a lot 

of time to put on training and were not so pedagogical, since their main job was not to work with training. 

Therefore the support offered, such as train the trainer etc. is vital. It should be stressed that the trainers can 

certainly get a lot out of holding a course, especially if a lot of two-way communication is done (this may 

encourage them to participate). The SE have direct contact with the customer and market and are perhaps 

more aware about what is going on and can provide valuable information to AL centrally. 

Implementation 

AL training manager mentioned the different methods of implementation that are used ranging from lectures, 

to e-learning, self-learning and blending learning. She was aware of the fact that the competence need and 

nature of knowledge that should be taught will affect the method chosen.  

Often different levels of courses are offered, depending on how long the SE has worked with selling the 

product. This is important since knowledge difference between adults is already large (Knowles et al., 2011). 

Furthermore courses offered were often divided into smaller parts. This was to allow for greater flexibility and 

the freedom for SE to pick and choose that which they feel they need. That adult learner’s sense that they have 

ownership over their learning makes them feel that what they learn is important (Knowles et al., 2011).  

Since there was no uniform method for working with training some specific implementation methods have 

been picked out to analysis further. These choices were made because they were interesting and also because 

they were presented by different AL staff. 

A department used what they called channel learning. Linking the content of the course very closely to the 

customer and the value for the customer. This is exactly the situation the SE face in their day to day job, they 

must be able to convince the customer that they need the product. According to the andragogical model the 

participants will learn and have a greater readiness to learn that which will help them in the real-life situation 

they are in (Knowles et al., 2011). The course also becomes more situation based rather than subject based. 

Having this orientation is an important aspect for adult learning (Knowles et al., 2011).  

One AL employee brought up how they usually place a course just before a fair. This allows the SE to 

implement what they have just learnt in a real life situation. Also the faster the SE have to use what they have 

learnt the greater the chance of knowledge transfer from the course to the real-life working situation. 

Furthermore to within their ‘work place’ have the opportunity to act and learn will allow them to gain know-

how and expertise (Rolf, 1991). The use of case studies, where SE have to make use of the tools (to perform 

calculations) can also help the transition of knowledge to the work situation. According to SECI model this 

form of exercising ba allows for the internalization of explicit knowledge to tacit knowledge (Nonaka et al., 

2000). They practice to use what they have available to them, this then increases the chance that they will use it 

in real life.  
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Evaluation 

The literature expressed that evaluating training courses is not easy, especially the evaluation of behaviour 

change (Kirkpatrick & Kirkpatrick, 2007). This is something even the people working with training at AL 

expressed. Their main form of evaluation was the use of use of happy sheet style evaluations focusing on 

evaluating the reaction and where results were used to help make improvements for future courses. Three AL 

personal also said they trusted that managers of SC would be involved in giving feedback and making sure that 

the SE they sent to a course would implement the behaviour change. One department did try and measure the 

change in sales or quotations, but like other personal said it was difficult to measure this. However AL personal 

stressed the importance of being able to show results to management both within AL and also SC, in order to 

encourage  future SE to participate.  

8.3 Analysis and discussion of previous educational course at ALRT 

Since one of the research questions looks into how effective the current training course at ALRT was at 

training the SE, this will now be analyzed. The analysis is based on two interviews with ALRT staff previously 

involved with the course, PowerPoint presentations and participants written evaluation of a course. Mainly the 

CIPP model for summative evaluation will be used. The context, input, process and product of the course is 

studied in retrospect. 

Context evaluation of the course 

When studying the context the evaluator looks at how well the goals and priorities of the course addresses the 

needs and problems. According to the interviews the main problem that was to be addressed by the training 

courses was that the reactor technology products differ from the other products that the SC currently sell, with 

regard to the technology, sales process and target customers.  This meant that SE did not know what customers 

to focus on, the important advantages with the technology and how the sales process could be conducted. 

In the course specification, the following objective of the course was found; 

“To Learn the basics of a plate reactor and to be able to promote the benefits to the customers. Furthermore, the 

participants should be able to make a first screen of the applications suitable for the plate reactor and to learn about the 

business and sales model used. “   

One of the developers of the course, further describe the purpose of the course as being not to make the SE 

experts in the reactor technology but rather that they should be able to describe the reactors and their benefits 

to the customers and create an interest.  The other developer mentioned the aim of creating a branding and 

image of the technology. As the italics parts of the objectives show, they address the needs with informing SE 

about how the plate reactors work, the benefits with it and how the sales process could look like. Even though 

one of the goals is to be able to screen applications which are suitable for the plate reactor there is no objective 

that relates to being able to identify and find specific customers, which was one of the problems that the course 

was to address.  

Input and process evaluation of the course 

Though perhaps not totally in line with what the CIPP model specifies, this part of the evaluation looks at how 

the course was carried out and the actual content of the course. The training courses offered by ALRT 

department took two main forms, either they were conducted at AL Tumba or out at the SC.. Even some type 

of webinar was held in 2010. The main course given at AL Tumba was conducted in 2007 and 2008 as an 

ALPAS level 4 course (Level 4 being an advanced product course). It was a two day course. It is the SE who 

themselves apply to the course if they or their manager feels that it will be a useful course.  It is the SC that 

then pay for the course and any additional costs.  

The trainers in the course were various staff of the ALRT department. Each person was responsible for a 

certain section or part of the course. Mainly the information was presented in lecture format using PowerPoint 

presentations. Discussions and open sessions were held during these lectures. For example opportunity to have 
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a discussion around what customers exist in the different areas where the sales companies operate was given. 

The lab work which was conducted was the assembling and dissembling of the PR37 reactor, and looking at 

how the system around the plate reactor unit could look like. In the evening a group activity were organized.  

Through looking at the PowerPoint presentations used at these courses, the topics addressed were: general 

introduction, operational principle, application, product range, reactor market, sales process, sales promotional 

material.  

More specifically the courses began with a description to the background of the ALRT business. A short 

history of the steps in the development of the reactor technology as well as where in the organizational 

structure of AL the ALRT department is found is mentioned here. Also the organizational structure within 

ALRT department is presented. 

The section on operational principle gave an overview of the working principle of the plate reactors, comparing 

them to the plate heat exchangers that AL is known for. The application section, which usually is rather a 

substantial part of the presentation, gives examples of reactions carried out in the plate reactors. For example 

the RedAl and butyl lithium reaction. A more general list of application areas and reactions is also given. Some 

slides contain questions to ask and information to look for when trying to identifying opportunities and 

possible reactions.  

The section about product range includes descriptions of the plate reactor models, reactor frames and 

accessories. Information about the channel depth and material is also given.  Basic performance data around 

temperature, pressure, heat transfer, residence time, plug flow-response time distribution, mixing times is 

mentioned.   

In the sections concerning markets and sales the trend from batch to continuous processes (because of for 

example process intensification and food and drug administration guidance for the industry)  as well as the 

targeting of the pharmaceutical and fine chemical markets is mentioned. Specific examples of possible 

customers, including Pfizer, GSK and sanofi-aventis is given. A description of the competitors was given and a 

comparison between them and AL plate reactors was done. Advantages of the plate reactors were also listed.  

Sales objectives were mentioned in some courses. The sales process was also visualized, see Figure 12 showing 

the responsibilities of the SC and the ALRT department. Positive statements about AL plate reactors given by 

customers are presented and the mention of promotional material found on AL website is done.   

 

Figure 12: PowerPoint slide showing the sales process. (RFQ stands for request for quotation) 
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Though the content closely corresponds to the goals that were to be reached with the course. Certain factors 

linked to the andragogy model seem to be missing, the main one being the sharing of experiences and linking 

to SE real life situation. Discussions during the lectures and outside the lectures allowed for participants to 

share and discuss experiences. However this should be done to an even greater extent. Furthermore as the 

content of the presentations and program of the course shows, it is more subject orientated and less orientated 

around the life situation of the SE. The course should be more based on situations, perhaps more case based 

examples, related to what they have encountered as well as problem based learning. A greater link to the sales 

process, being introduced to and working with the tools available to them in presenting the reactor technology 

products.  

Product evaluation of the course 
In this section a look at whether the course achieve its goals. From the interviews with people involved in 

developing and holding these earlier training courses the evaluation of the course was mixed. One said that the 

course led to SE daring to go out and talk about the plate reactors as well as being more aware of how far they 

could take the selling process. How far they can take the discussion before they need to contact the ALRT 

department. He also hopes that they got a better understanding of how the sell process occurs. Furthermore 

the evening activities were a good way of tightening the bonds between the SE. Generally he felt it worked 

well. The other person involved felt that the level of the course was too low and no good tools were provided. 

Additionally the result of the course was that some people understood and applied what they learnt, while most 

did not. He felt that there was not so much success in educating the SE since the goal of SE being able to find 

suitable customers and applications of the reactor technology was not being met. The SE were not able to 

either find or filter leads. Instead he mentions that it is through spending time with the SE, taking the SE along 

with him when he meets potential customers that they observe and learn. He says that they learnt more ‘on-

the-job’ than from the earlier courses held. Also the building of the PR37 only helped them understand the 

mechanical side and nothing else.  

 

As the Kirkpatrick evaluation method expresses, poor behavior result as was expressed here by one of 

interviewed does not necessarily have to mean that learning at the courses did not occur. However since no 

form of formative or summative assessment was carried out it is hard to evaluate the extent at which learning 

occurred. One of the interviewed however mentioned that it is because the SE still are not comfortable with 

the chemistry and do not understand the product or what it does and offers that they avoid trying to sell it. 

This therefore indicates that the SE did not learn from the course and therefore could not apply it in their 

workplace.  If the problem lies in the implementation, that the SE do not have the opportunity to implement 

what they have learnt because for example the management does not prioritize the sales of the reactors could 

be investigated.   

An evaluation filled in by earlier participants showed that they were happy with the content of the course and 

the people who held the course. From a scale of 1-5, where 5 was very good the evaluation of the people who 

held the course and content of the different part of the course landed at 4 or above. The things that needed to 

be improved according to the comments given by participants was the order of things; more comparison with 

competitors, including economical comparisons; real experiment work and more sales dialog arguments. A 

wish for a follow up course was also expressed.   

The Kirkpatrick evaluation model goes one step further, than simply behavior changes namely even changes in 

results. Though not expressed explicitly the goal of the course was even to increase the sales of the plate 

reactors. However the longer sales cycles of the reactors means that it is difficult to know which sales were the 

result of the training course. Instead it would be more interesting to see how many more potential customers 

were contacted and leads were found in order to better evaluate the effects of the training course.    

Naturally many other factors may affect the sales figures. From talking to other staff at the ALRT department 

the sales of the reactors may not be prioritized because the sales process is much longer than for other 

products of AL. Furthermore the new technology means that it is seldom that the customer comes with request 
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or specification but rather a greater responsibility is placed on the SE to take contact and persuade the 

customer to purchase the plate reactors and so therefore often change their entire chemical processes. 

Furthermore it was mentioned that poor sales tools exist for explaining the product, which could have 

facilitated the sale process. Poor platform for communication was also mentioned. Also some customer that 

were interested at the beginning, backed out due to for example freezing of investments or after some initial 

trials, their process were not compatible. 
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9. SUMMARY OF PART 1 

The literature study, interview results and analysis show that SE experience certain challenges when working 

with the sales of the reactors. The overall challenges are customers’ reluctance to invest in the plate reactors 

and SE reluctance to work with the sale of the reactors. More specifically these challenges can be broken down 

into the following; 

Customers reluctance to invest in the plate reactors SE reluctance to sell the plate reactors 

 Unaware/ unfamiliar with continuous flow 
technology 

 Unsure if the technology really works 

 Already using technology that works well for 
them, is this technology really that much 
better? 

 Economic reasons; big investment cost  

 Takes time and effort to implement 

 May require a long validation process 

 Many people within the company must be 
agree to invest 

 SE did not have enough competence 

 Discouraged with the result of previous 
marketing initiatives 

 Question whether market is really ready for 
it 

 Not a prioritized project in their SC 

 Longer sales process 

 Both market, sales process and customer 
differs from that of other AL products 

 Not sure which customer segments to target 

 Not comfortable enough to talk about the 
reactors 

Table 7: Challenges relating to the sale of the plate reactors 

As the research questions show ALRT wanted to know what informational material, communication and 

information sharing methods as well as educational activities would increase SE competence in order to 

ultimately increase sales. The following section of the report; Part 2 goes on to look more concretely and 

specifically at what strategies and methods ALRT can carry out in these areas in order to increase sales and help 

SE in their job of selling the reactors. Naturally not all of the above challenges can be overcome explicitly by 

these areas; however it is important that the challenges are taken into consideration. 
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PART 2 

Having carried out a literature study, interviews, analysis and identified the role of the SE and challenges the SE 

face a strategy for how ALRT can work with these issues was done. Focus lies on the educational activity for 

SE; however suggestions for improvements to informational material and communication and strategies for 

information sharing are also given.  

10. IMPROVEMENTS TO INFORMATIONAL MATERIAL  

The main material asked for was references and case stories, preferably customer case stories. Presenting them 

to a potential customer can be of great importance and increase credibility immensely. Customers are reluctant 

to share information about what they are doing, however producing case stories that bring up as much 

information without breaching confidentiality agreements would be advised.  

Additionally competitor comparisons and economical savings associated with the use of the ART reactor was 

asked for. Again this would help the SE with their task to convince customers to buy the reactor. More 

information on what specific customer segments to focus on and why was also brought up. Is there a segment 

or type of customer more suitable for the reactors (i.e.  a specific size, function, working in an area/ segment 

with certain restrictions/ legislations that the plate reactors abide by). SE need more information about what 

customers to approach than simply that they are within the pharmaceutical and fine chemistry industry, since 

they have a long list of customers in these branches.   

Some additional things mentioned was partnering with peripheral equipment providers. Even the customers 

interviewed said that setting up the system around the reactors was difficult and time consuming, i.e. finding 

optimal pumps, flow rates and re-programing of programs. If ALRT is able to provide the complete package 

and have experts helping with choice of pump the customer may be more willing to try the reactors. 

Additionally it may take the idea of continuous flow to a new level. One SE also said that it is important to 

stress AL as a solution provider, more than just a provider of different products. The possibility that exists for 

renting the reactors and carrying out test at AL Tumba or at the customers’ location is very good according to 

many of the SE. If the customer has tested the reactor and seen that it works for them, they may be more 

willing to buy it.  

11. IMPROVEMENTS TO COMMUNICATION 

Most SE were happy with the current communication with ALRT and the help they got. It seemed like each SE 

had specific staff at ALRT whom they usually contacted with their questions. The frequency and type of 

communication varies depending on if the SE wants to work proactively or reactively. So method of 

communication may have to be taken on a more case to case base. However this may not be a sustainable way 

of working once the number of SE selling the reactors increases. It is advised to get a more structured way of 

communication, so the SE know whom they should contact depending on the nature of the question. 

Additionally the SE liked that that ALRT handled the more chemical communication with the customer during 

for example a rental. However since ALRT wants SE to become more independent they should give the SE the 

space to be just that.  

More follow up from ALRT was also requested. Since SE do not always prioritize the sale of the reactors, 

continued contact and follow up from ALRT would put some pressure on them. For new SE this can be 

especially important. That ALRT contact them to see if they have any questions, what customers they have 

contacted and how it has gone, since this shows that ALRT is serious about promoting and getting the plate 

reactor sold.  

Like the literature study on knowledge management showed communication with customers is important, to 

understand their implicit needs. Having close contact with current customers may help understand potential 

customers. One of the interviewed customers also emphasized that having close contact with ALRT would be 
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beneficial for both parties. Therefore ALRT should have much communication with the customers, both 

virtually and face-to-face. It will help give them a greater understanding of the plate reactors. Perhaps call it 

Support Function and charge the customer for this. This may require confidentiality agreements to be signed. A 

side note would be to in the future offer training to the customers on continuous flow reactors based on the 

plate reactors.   

12. STRATEGY FOR EDUCATIONAL ACTIVITIES 

12.1 Pre-study 

Interviews 

Based mainly on my interviews it was realized that experienced SE were not as enthusiastic about an 

educational training course. However they did want the opportunity to meet other SE and discuss such things 

as product and awareness campaign, new sales tools such as the product package, customer segments to focus 

on as well as hear from other SE about their critical success factors. Therefore the educational course should 

target SE who are starting to work with the sales of the reactors. Customers expect a certain level of 

competence from the SE in order for them to be credible; therefore it is important that the SE develop this 

competence.  From the interviews the idea to have experienced SE and new SE meet too allow for sharing of 

tacit knowledge was formed. If new SE get the opportunity to meet SE working with the sales of the reactors it 

feels more credible.  

A strategy for the educational course was prepared; it is based on a template that AL currently uses for training 

courses. The purpose of the course is to increase the number of SE actively selling the reactors, i.e. increased 

number of customer meetings held, qualified leads found and quotations made, with the ultimate goal of 

increasing the sales of the reactors. In order to achieve this, the on-the-job activities SE needed to carry out 

include planning and holding a customer meeting, presenting the plate reactors, answering initial questions and 

identifying the possible cases. According to interviews with SE their greatest task is being able to convince 

customers of the advantages of this technology compared to batch and competing continuous flow 

technologies and convincing them that it works and is doable for their processes. The identified content of the 

course, based on interviews and previous training course are; background, introduction of market, presentation 

of products, customer, application area, competitors and sales process. For more detailed description see 

training strategy and training driving plan, in appendix 2 and 3 respectively.  

Andragogical model 

Based on the literature study, interviews and analysis an understanding of the SE and there needs was 

developed. Now that more is known about the learners, i.e. SE and their learning needs the study of how these 

affect the principles of the andragogical model can be done. The effect of the different factors; individual and 

situational differences as well as goals and purposes for learning in relation to the situation with the SE was 

studied. How do the characteristics of the subject matter, individual learner and situation related to an 

educational training course for SE affect the principles? How can the goals for the educational training course 

relating to individual growth, institutional growth and societal growth affect the andragogical principles?  

The goal of the educational course is that it will ultimately lead to increases in the sales of the reactors. 

However since the sales of the reactors is not prioritized in all SC, this may not be a goal shared by them. 

Instead their focus lies on increasing sales of other AL products. This means SE may feel they don’t know why 

they need to attend the course. Additionally the plate reactors are a new product meaning SE may not realize 

what their learning need is or even that they have a learning need. By stating that the target group for the 

course is SE interested in starting to sell the reactors, the SE attending should hopefully know why they should 

be attending. Also the climate back on-the-job may be more encouraging towards SE putting their efforts into 

selling the plate reactors, meaning the implementation of what was learnt, back on the job may be better.  
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A societal goal with the training is that it will result in the continued exchange and communication between the 

different SE. That through meeting each other and discussing during the course they will continue to keep in 

touch and learn from each other. This goal means that the course must allow SE to already now direct and take 

ownership of their learning. However that the subject matter is somewhat new for the SE may make them 

more reluctant to move towards self-direction.  

Many of the experienced SE interviewed have prior experiences that may hinder them from learning something 

new. Mainly it is the fact that they have earlier worked hard in trying to promote the plate reactors but seen 

little success and have noticed a reluctance amongst customers to implement this new continuous flow 

technology. This could affect the SE from accepting that the reactors have potential and that there are 

customer segments who are interested. Hence it is important that these SE are given a chance to become aware 

of their previous notions, what they are thinking, through reflection and discussion, allowing others to 

challenge them. For new SE the subject matter is new and therefore it may be more difficult to use their 

previous experience as a resource for learning. However new information and knowledge sits better if it relates 

to one’s previous experience, therefore despite the subject matter being new certain aspects of it can be related 

to SE previous experiences in the sales of other products. SE should be aware that they can build on other 

sales, that some fundamental aspects are still applicable when selling the reactors. This may also make the 

learning experience less frightening or impossible. However this experience is limited, but experienced SE have 

experiences which can be a resource. Therefore giving experienced SE the chance to share their experiences 

with new SE is important and something which SE asked for.  

Since the subject matter of the course is related to a task; being able to sell reactors, there is a clear link to the 

SE work situation. The reactor technology is new both to them and often to the customers they will meet so 

there is a need for SE to learn about it and the market that uses it. Experienced SE however will not be ready 

to learn the basics about the reactors and customers, since they already know this and do not need it to cope 

with the situation they are at. Therefore the subject matter for experienced SE should be different.  

The subjects matter is such that it can be presented in problem solving manner or at least life-orientated (as 

oppose to subject orientated). In fact since the purpose of the educational course is to help SE with the sales of 

the reactors it needs to be orientated around the customer and the SE task in order to be effective and for the 

SE to actually implement what they have learnt. From the interviews it is also shown that the SE wanted such 

an approach in the course, since they for example mentioned that the course should include competitor 

information so that they could give a more credible and competent impression to the customer.  

Since it is unknown whether the economic benefits of selling the plate reactors is greater than selling other AL 

products, external motivation may not be great. Therefore one may have to depend on the internal motivation 

of the SE, namely motivation that comes from learning about a new and exciting technology that is becoming 

more and more present in today’s market. Also that it could be advantageous for the sales of other AL 

products, something that could be stressed when advertising the educational course. Finally based on the self-

determination theory relatedness should also be addressed. As many SC only have a few people working with 

the sales of the plate reactors it is important that the SE here get the chance to connect and interact. Giving 

them opportunity to introduce themselves already at the beginning of the course, having ‘free-time’ to interact 

and having some form of evening activity during the course is important.  

Below follows a summary of the expected influence of the different factors on the andragogical principle, for 

new SE.  
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Table 8: Andragogical learner analysis for new SE (adapted from Knowles et al., 2011, p. 156) 

Knowledge management 

The literature study showed that both explicit and implicit knowledge exists which are transferred in different 

ways. Furthermore learning occurs in many different settings, and is definitely not confined to a course. 

However the planed educational course can act as a starting point for SE to meet each other and hopefully lead 

to them contacting and communicating with each other even after the course.  

12.2 Educational course extracts  

Based on the studies done the following concrete suggestions of course content and implementations were 

developed: 

Subject matter: 
Individual  

learner: 
Si tuational : 

Individual  

Growth: 
Insti tional  Growth: 

Societa l  

Growth: 

The content and 

nature of the 

course's topic

The individuals 

prefered learning 

style and approach

Physical location 

and learners 

context/ background

Individual to grow 

and develop

Improvement to the 

organization

Transformation 

of society around 

the learner

1) Adults  need to 

know why they need 

to learn something 

before learning i t.

The reactors  are a  

rea l i tvely new AL 

product so SE may 

not rea l i se they 

have a  need to 

learn i t.

SC may not share 

ALRT goal  of 

increas ing sa les  of 

reactors .

2) The sel f-concept of 

adults  i s  heavi ly 

dependant upon a  

move toward sel f-

di rection.

New subject, 

so sel f 

di rection may 

be di fficul t.

The goal  for SE 

to continue 

learning and 

communicatin

g requires  sel f-

di rection 

a l ready in the 

course.

3) Prior experiences  of 

the learner provide a  

rich resource for 

learning

Is  new so l i ttle 

prior 

experinces  to 

relate to.

SE requested the 

poss ibi l i ty to 

exchange 

experinces . 

Other SE have 

worked with 

sa les , so prior 

experinces  exis t.

4) Adults  typica l ly 

become ready to learn 

when they experience 

a  need to cope with a  

l i fe s i tuation or 

perform a  task.

The subejct 

matter i s  clos ly 

l inked to SE 

task of sel l ing 

the reactors .

5) Adults  orientation 

to learning i s  l i fe-

centered; education is  

a  process  of 

developing increased 

competency levels  to 

achieve their ful l  

potentia l . 

Can be made 

relevant to SE 

working 

s i tuation.

SE requested an 

approach based 

on the rea l  l i fe 

task they have, 

inorder to 

increase their 

credabi l i ty in the 

eyes  of the 

customer. 

6) The motivation for 

adult learners  i s  

internal  rather than 

external . 

Rewards  for sa les  

of reactor may not 

be more than 

rewards  for sa le 

of other AL 

products . Internal  

motivation 

important. 

Andragogica l  principle

Expected influence of 

Individual  and s i tuational  Di fferences Goals  and Purposes  for learning
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 Discussion of Scenarios 

 Features, advantages and benefits discussion 

 Application area exercise 

 Lab 

 Reflective moment  

They aim to address different challenges using methods that take adult learning into consideration.  

Discussion of Scenarios   

SE of reactors have different situations they must be able to handle including; finding customers to contact, 

holding and organizing customer meetings, providing assistance when the customer begins to show a more 

genuine interest and finally handling the situation when the customer buys a reactor. In these situations the SE 

have different information and knowledge needs.  

Therefore one part of the educational course will involve group-discussion between the SE about what needs 

they identify in order to organize and hold a customer meeting about the plate reactors. To get ideas they may 

go into the collaboration site (product package) and find information. After identifying these needs the SE will 

reflect on which of these needs they actually already know or know where they can find out about them and 

which of the needs they need help to know more about. The idea is then that the educational course facilitator 

from ALRT should adapt and orient the educational course around the knowledge needs that SE identified. If 

certain needs/ issues were not taken up by the SE, these can still be addressed. (See appendix 4 for more 

detailed description) The idea is that this discussion will take place after a background to the plate reactors and 

introduction to market and reactors is given. Following the discussion more detailed descriptions of the 

reactors, competitors, sales process and other mentioned needs will be given.  The ALRT staff are very 

competent therefore they will be able to handle this more flexible and perhaps less predictable approach. 

This task would allow SE to build on their previous experiences with the sales of other AL products. 

According to literature this would make it easier for new knowledge to stick as they have something to 

compare with. The SE could think back to aspects they consider when selling other AL products while at the 

same time becoming aware of the differences that exist with selling the plate reactor.  Furthermore it would 

give SE the opportunity to reflect and identify their own learning needs for being able to do the job, thereby 

increasing their motivation to learn since they realize there is a learning need. Along with this the SE get some 

autonomy and self-direction since their learning needs will direct parts of the educational course. Finally this 

task is very life-centered as a pose to subject centered.  

Features, advantages and benefits discussion 

When SE present the plate reactors to a customer they will also need to be able to describe and present the 

features of the reactors and what advantages these can give to the customer process and what benefits and 

value it ultimately gives the customer/ industry. There given a list of the features the SE are to in groups 

discuss what advantages and benefits these have. What to stress on may differ slightly depending on what type 

of customer it is. Therefore SE will also discuss this in their groups and then be assigned a customer and 

present to the whole class what FAB they would bring up when talking to this customer. Giving the SE a 

chance to practice talking about the FAB will increase their understanding and also prepare them for when they 

meet the customer. The interviewed SE said that it was difficult to convince customers of the advantages of the 

reactors; hopefully this exercise will help them with this. See appendix 4 for more detailed description of 

activity.  

Application area exercise 

In this exercise SE get examples of different process and discuss which of them may be suitable for the reactor. 

This can be seen as the internalization of knowledge since the SE, based on the explicit knowledge they have 

gained about the plate reactors, now practice applying this knowledge in the context of identifying suitable 

processes.  The purpose of this exercise is to give SE the chance to discuss what applications and process suite 
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the plate reactors and practice making the initial screening. That SE should become familiar with seeing 

different processes and have a chance to practice being more comfortable in hearing and talking in chemical 

terms. Furthermore it gives them a chance to see the evaluation form (used to fill out more specifically the 

nature of the customers process) available on the collaboration site. See appendix 5 for evaluation form. Again 

this task is life-centred and allows SE to discuss together with each other and staff of ALRT. The ALRT staff 

will be able to share their tacit knowledge (in this area) with the SE as they discuss the process examples. Also 

the staff should describe the context of the process. 

My hope is that for each example process that is discussed the SE will be able to adapt and change their 

theories slightly, and understand more and more what is considered when looking at suitable application areas. 

Also that they will get an understanding of what contexts in a customers’ process the reactors can be used. See 

appendix 4 for more detailed description.  

Lab  

The idea is that an ALRT staff talks through the steps taken from batch process to continuous process 

combining PowerPoint presentation, with SE assembling part of the reactor and running a test. A PR37 will be 

used, since this is simpler to handle and the most frequent sold reactor.  

This is to help the internalization of knowledge through learning by doing. Through SE getting to test and see 

the plate reactor at work allows the explicit knowledge gained about the reactor to become more implicit, and a 

part of the SE nature so to say. The purpose of the lab is for SE to; 

- Become familiar with how an entire reactor system looks like. How a possible set up could look like in 

a customer’s environment.   

- Go through and understand one of the cases available (i.e. Red-Al case) in order to later be able to 

describe it to a customer. 

- See steps taken to convert a process from batch to continuous.  

- Look at the configuration possibilities. 

- See the plate reactor in operation.  

 See appendix 4 for more detail description of lab.  

Customer segment discussion 

In this section the experienced SE and new SE will come together and discuss customer segments to focus on 

and success factors. The experienced SE will be asked to give a short presentation (around 5 minutes) of a 

customer case/ meeting. Following this, discussion in mixed groups (experienced and new SE) will be held. 

Finally the SE will be asked to identify five specific customers to contact and plan for this. See appendix 4 

more details.  

The choice to bring new and experienced SE together in this section of the course is because both parties will 

benefit. Furthermore the experienced SE have up-to-date information on the market and good customer 

understanding as well as many stories to tell. It will allow for sharing of tacit knowledge between the two 

groups of SE and also externalization of tacit knowledge, since the experienced SE have to find ways to 

articulate and present that which they have experienced. Also the mental modes of the experienced SE may be 

challenged as they hear the stories of other SE and get questions from the new SE. Furthermore real-life cases 

are always more interesting to discuss. The discussion will not only result in knowledge conversion but even 

knowledge creation; new customer segments to focus on and critical success factors may-be identified.  Finally 

the SE may be more open to contact each other in the future. After the discussion the SE will have to identify 

possible customers in their area and begin planning for the meeting. Later when the SE has contacted the 

identified customers, they are to have a meeting with the same mixed groups discussing how it went. See 

appendix 4 for more detail description. 
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Reflective moment 

As seen from the literature study and interviews conducted earlier, evaluating the learning can be difficult. 

Furthermore the point of the course is not that the SE are able to pass an exam, but rather that they find that 

which they have learnt useful and can apply it in their work place. Therefore an anonymous reflective moment 

at the end of the first day will be included. Simply, it can be viewed as a formative evaluation of the course. 

Allowing the SE to reflect on what has been presented during the day may help them internalize the 

knowledge. Furthermore it will help the ALRT facilitators to see what points need to be stressed more the 

coming day. The reflective moment will include different statements (based on the expectations on the SE) 

which the SE evaluate on a scale from 1-5. Where 5 is “Yes I know enough to be able to do this”, 3 is “Yes 

with some more practice” and 1 “No I do not feel I have been given enough support/tools/information to do 

this”. See appendix 4 for more detail description. 

12.3 Future development of educational course 

Additional meetings 

Organize local (i.e. out in the SC) follow-up meetings for new SE sometime after the central course, where SE 

could describe the customer contacts and meetings they have had. While the SE have worked with selling the 

reactors they have been learning.  Additional questions and difficulties faced while trying to sell the reactors 

could be brought up in order to discuss and get advice on. An additional development is getting the sale of the 

reactors on SC connect plan, especially for regions where a potential exists.   

Adaption to educational course 

Offering a shorter version of the training course in connection with a fair or conference. This will allow SE to 

do more on-the-job training as well as observe how ALRT staff meet the customer. Additionally giving SE the 

opportunity for customer visits would be nice. Then SE would be able to see the reactors in their working 

environment and perhaps even ask questions more specifically to the customer. This however is difficult since 

most customers want to hold their processes very confidential.  

13. STRATEGY FOR INFORMATION SHARING  

During my master thesis project a collaboration site for mainly SE was set up. When SE were asked about what 

they thought about this, many said that it was a really good idea. It was important to have all information 

gathered in one place and to have easy access to updated information. One should however be aware that it is 

mainly explicit knowledge that can be transferred through this site, so it should not be the only way for 

knowledge management. Furthermore SE expressed that they themselves do not have time to contribute to the 

content. However one SE mentioned that SE could share information that might be useful for other SC, such 

as information about new branches opening.  

The content requested by the SE is; 

- Information on specific customer segments to target and why 

- Information on competing technologies (technology, comparison of advantages and disadvantages) 

- Technical information about the reactors (including technology, capabilities, FAB, limitations and how 

to think about scale-up and peripheral equipment)  

- Reference and case stories 

Additionally more advanced information such as how to calculate the number of plates required to reach a 

certain flow volume, scientific articles where one can read more about the continuous flow technologies and 

more specific application areas. Also a list of customers who have shown interest in the reactor could be 

included, with information on the segment they come from, reason for interest and why it did/ did not result in 

a purchase. Having a list of customers’ most common questions with answers, or adapting the technical 

information so that is based on the customer questions is also possible.  
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Short news feeds of successful sales is important to include in order to; motivate SE to sell, encourage them 

and make them aware of the fact that customers are buying the reactors and that it works to sell. As much 

information about the customer should be given without breaching confidentiality agreements. Such as: which 

region and segment the customer is in; the function of the reactor (R&D, production; where in their 

production line) and what processes will be run in it, since all this information is helpful for other SE. If 

confidential information must be posted it is important to clearly mark it as confidential.  

To make the site more interactive and increase learning, it could be nice if the SE of involved in a sale could 

write some short information about the sale and post it on the site. For example including sale timescale, who 

was contacted, brief description of sales process and what the SE would identify as the critical success factors. 

This would help other SE and also while sharing this information the SE will be reflecting on the sale, which 

can be seen as a learning process. No confidential information needs to be shared.  

When ALRT staff get questions from SE, where the answer can be found on the collaboration site, they should 

refer SE to it, instead of answering the question again. This will encourage SE to go into the site and learn to 

navigate and use it. Having updated information on what is being done at the department is also of interest for 

the SE. To show them that AL and ALRT is still investing in the plate reactors.  A question is whether all 

members of the site can get information on when announcements have been added, since SE many not visit 

the page often.  

The figure below gives a summary of the proposed strategies and solutions addressed in Part 2 related to the 

SECI-model. As seen all types of knowledge transfers are accommodated for.  

 

 

 

 

 

 

 

 

 

 

 

Figure 13:  Summary of Part 2 to SECI-model (adapted from Nonaka & Konno, 1998, p.43) 
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14. CONCLUSION 

Microreactor technology and the continuous flow technology linked to it is a relatively new technology, with 

many advantages. Customers however show a certain reserve and reluctance towards implementing the 

technology, due in part to the well developed and long used batch technologies existing and few real life cases 

stories present. Additionally validation process and hard work is required to convert to continuous flow 

reactors. However with new legislations and increased interest in process intensifications the reactors may 

increase in popularity.  

It is this reality that SE of the ART® plate reactor have to work in. In order to become increasing successful in 

their sales experienced SE wanted to know more precisely which customer segments to target and why, as well 

as what the critical success factors were. They wanted to be able to meet other SE to discuss and exchange 

experiences in so called Champion meetings. Even though ALRT department will handle the more chemical 

questions, the department and customers expect a certain competence from SE, including new SE. The SE 

main role is to contact customers, plan and hold customer meetings, answer initial questions and act as a 

spotter in identifying whether applications are suitable for the reactors or not. Therefore SE starting to sell the 

reactors naturally need to know what the reactors are, how they work, what they do and their features, 

advantages and benefits, also what application areas are suitable for the reactor and the limitations with the 

plate reactors. Additionally the customers to the reactor are different to the customer SE are used to 

approaching, therefore the key industry drivers and how customers carry out processes today needs to be taken 

up. Even who to contact and how to approach a customer needs addressing. How to think about scale-up and 

peripheral equipment required is also important. Finally being aware of competing technologies and how to 

handle the sales process is important. 

The SE knowledge needs can be viewed as both explicit and implicit. Therefore different methods for 

knowledge conversions and creation are necessary. A collaboration site containing a Product Package, with 

both technical and marketing information is being put together. This forum should also be used to publish 

success stories. The information here will be of a more explicit nature and can be seen as a complement to the 

educational course and champions meeting. Here the focus will be on the transfer of tacit knowledge through 

group discussions, reflection, hands on activities and presentations.  Additionally as it is adult learners the 

educational course must be life-centered and actually help SE in their task of convincing the customer to buy 

the reactors. Furthermore the SE have experiences that can enrich learning at the course. The educational 

course should also allow the SE to build networks with each other.   

Additional factors which cannot directly or solely be addressed through a training course are the longer sales 

cycles involved with selling the reactors, which discourage the SE as well as the sales of the reactors not being 

prioritized. Additional needs including references and real life case stories as well as looking into partnering 

with a provider of peripheral equipment. Finally continual communication with current customers in order to 

tap into their implicit needs is advised.  
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APPENDIX 1: INTERVIEW GUIDES 

 

ALRT STAFF INTERVIEW GUIDE 

Purpose:  

- To get an understanding of how ALRT has worked with educational programs for SE. Including 

feedback on what has worked well, and not so well. 

-  To understand how communication between the ALRT and sales representatives occurs.  

- To discussion how they want to work with these questions in the future.  

Background 

What is your role in ALRT?  

(What support and help have you received as new employed at AL? ) 

What is your role through the entire sales process, even after delivery of product?  

Communication within ALRT/ AL 

What would you say is the greatest method in which knowledge in the department is shared? Or what methods 

of communication currently exist in the department? 

- Has it worked well? 

- How would you like it to look like in the future? 

- How do people at ALRT acquire the knowledge and information they need? How can these methods/forums 

be encouraged supported?  

What communication/ cooperation do you have currently with other departments at AL? Describe the level of 

cooperation/ communication that exist outside the organization of AL, i.e. with customers, sale representatives 

and other organizations, competitors?  

Communication with SE 

How does communication occur today? How often, in what form etc.  

How would you like the communication to look like in the future? 

What knowledge/information exists in the department that would be helpful for the SE?  

Informational material  

What information do the sellers have access to? (n:art, share point) 

What information material/ educational courses do you think they require in the future?  

Educational course 

Describe the previous educational course held here. 

What should the aim/ goal of the educational program be?  

What should be included in a possible training course? 

Are there other places/ forums where sellers can or do get the information they need?  

Name the challenges/ difficulties that the sales representatives face?  

SE INTERVIEW GUIDE 

Purpose to understand: 

- How the SE work 

- The challenges SE face 

- What communication occurs between SE and SC and ALRT 

- How SE want a future training course to look like (learning needs) 
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Introduction  

Begin by introducing yourself  

 

Sales process 

Describe how the sales process/ method of the ART reactors look like. You come to work and say today I am 

going to work on trying to sell a reactor, what do you do? 

How would you describe your role today and in the future?  

What challenges do you face in actual sales process?  

What is most difficult? 

- Finding customers? (how do u do that today? Who do you mainly contact? Who within a company do 

you contact?) 

- Understanding a customer’s process? 

- Being able to say if the customer’s process will work in the reactor? 

- Understanding the product? 

How do you try and overcome these problems? Where do you go for help?  

What has made you successful/ helped you in the sales process?  

Customers 

What are customers initial questions?  

Where do you do to get the answers to the questions? Who do you communicate with?  

What about ART interest/ doesn’t interest the customer? 

Product 

What would you like to understand more surrounding the product?   

Where do you get answers to your question?  (internet? Other people? Do you feel it is easy to find 

information?)  

Other tools, resources, help you would like from ALRT? More info about reactor to go back to?  

Communication 

How does communication with ALRT work today? What works? What can be made better? 

What type of communication would you like? If you had to say 3 improvements what would they be? How 

does communication between SE and SC look today? Any platforms that you use? What issues are discussed/ 

should be discussed? Any social media you used today to communicate with?  

Training course 

Do you see that there is a need for a training course?  

What would you, who have been working with the reactor like to know more about? 

What do new SE need to know about the reactor, or in general?  

What other things will help them in the selling process?  

What specifically do you feel is important to include in a training course about the reactors? 

What material do you think people beginning to work with sales of reactors need?  

Sales meeting and collaboration site.  

How do you feel about the exchanging of ideas, methods of working, information with other SC? 

What should be included in a collaboration site?  

AL STAFF INTERVIEW GUIDE 

Purpose: To get ideas and inspiration for how other departments at AL work with developing, implementing 

and evaluating training courses. 
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Introduction 

Introduce yourself, what you do, what your role is. Etc. 

General questions  

Describe how you work?  

Material I could look at?  

What is important to consider when developing training course?  

Development 

What is considered when developing a training course?  

Who is responsible? 

How do you identify  

- SE competence and knowledge needs?  

- prior knowledge?  

How do you encourage SE to participate in the courses?  

Implementation 

Describe the courses you offer. 

What methods for training do you usually uses (classroom, e-learning etc.)? Why? Where do have have the 

courses?   

Do base topics on SE life experience as oppose to topics? 

How are SE given opportunities to talk, discuss and share experiences? What type of interaction exists? 

How is implicit knowledge transmitted? 

Evaluation 

How do you assess the training courses? How do you follow up the training courses?  

Extra questions 

Do the SR have other forums/ networks to discuss, find information?  

What difficulties exist when educating SE? how do you overcome/ solve these? 

 

CUSTOMERS INTERVIEW GUIDE 

Purpose:  

To understand customer needs, expectations on sales representatives and desired support from Alfa Laval 

(AL). 

Alfa Laval ART® Plate Reactors  

How did you first hear about the reactors? 

What were your initial questions concerning the reactors?  

Which features and benefits of the reactors encouraged the purchase of the reactors?  

What do you feel is lacking from AL’s side, to facilitate your decision to test/buy the reactors?  (Support, 

information, data, informational material…) 

Interaction with AL sales representatives 

How much did you know/ read about the reactors before meeting sales representatives?  

What expectations did you have on the sales representatives?  

How well were your expectations met? 

What should they know and be able to describe about the plate reactors?  

Future contact 

What further support and contact would you like from AL after the purchase of the reactor?  
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Course  

Plate Reactor Technology   

Issued by Department 

 Alfa Laval Reactor Technology  

Revision no: 1 Date: 11 Jul. 12  

   

1 Background 
The development of this training course was started in connection with a master 
thesis project. The Alfa Laval ART® Plate Reactors are relatively newly launched 
products and differ from the other more well-known products of Alfa Laval . 
Therefore the department felt there was need for a training course/ professional 
development.  
 
The last form of training on the reactors was held 2010. The course was found to 
have been a good introduction to reactors however lacked certain topics and did 
not result in the desired behaviour change. Furthermore the method of 
implementation may not have been optimal.  
 
The business goal is to increase sales of the reactor technology unit. Naturally 
many factors, ranging from customers reluctance to invest in new technology to 
prioritization of the sales of other AL products, cannot directly be addressed by a 
training course. However a training course will help improve the competence and 
knowledge of sales engineers so that they will amongst other things be able to 
present the reactor to the customer.    
 

2 Problem/Opportunity Description 
In order to increase sale volumes sales engineers need to be more independent in 
handling the sales process. Therefore they should be able to plan for and handle 
customer meeting. Describe the reactors; what they are and how they work. 
Determine if a customer’s process would be compatible with the reactors. Also they 
should find ways of convincing customers to change to continuous processes.  
 
Currently two groups of sales engineers with different levels of learning needs and 
different things that the learner must be able to do exist. Sales engineers who have 
been working with the sales of the reactors need to become even more 
independent and take a leading role in the sales process. While sales engineers 
who will start working with selling the reactors need to be able to see opportunities 
and handle initial customer contact, questions and presentation of reactor 
technology.  Furthermore there is not a wide spread awareness of the reactors 
existence amongst sales engineers.  
 

3 Participants 
Specific business Areas: Life science, Process Industry, 
Types of learners: external sales engineers, sales managers, Insides sales 
engineers 
Location of learning: Centrally at Alfa Laval Tumba, Sweden 

APPENDIX 2: TRAINING STRATEGY 



 

Subject Ref. No.  
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Learner’s prerequisite of work experience, previous training, and competence: 
Background within chemistry and/ or biochemistry. 
 

4 Course Objective  
Results: Short term: To increase the number of sales engineers actively working 
with selling the product. Increased number of; potential customers contacted, 
customer meetings held, qualified leads found, quotations and rentals made. Also 
to be the starting point for continual communication, learning and cooperation 
between the SC and ALRT. Long term: Increased sales of the plate reactors and 
greater independency of sales engineers. 
 
On-the-job change: The main behavioural changes that should result from the 
course are that sales engineers are able to; Plan, prepare and hold sales meetings 
with customers. Describe and explain the product to customer. Identify and 
recognise reactions that are compatible with the reactor. Convince customer of the 
advantages of the reactors compared to batch and competitors technology. Be able 
to recommend and advice customers on what equipment they should purchase. 
The idea is not that they should become experts. 
 
Learning change: In order to achieve the above mentioned behavioural changes 
the following main knowledge and skills should be learnt. Detailed understanding of 
the technical and characteristic parts of the reactor. The capabilities and limitations 
of the reactor. Customers working environment. Detailed understanding of the 
application areas of the reactor. Know what ALRT is offering.   
 
Reaction: The sales engineers should feel that though this technology is relatively 
new to the market, meaning there can be some reluctance and reservation towards 
it, it has great potential and will gradually breakthrough in the market because of its 
many advantages. Furthermore sales of the reactor can open doors to customer 
contacts and there are customers who are very happy with the reactors and 
technology.  
 

5 Course content 
 
The course will run in two parallel forms. One directed towards new sales 
engineers and another directed towards sales engineers who have worked with the 
sales of reactors a while, more in the form of a sales meeting. (For more details 
see Training Strategy_salesmeeting.v1.docx). They will meet in the middle to 
allow for discussion and exchange of ideas and thoughts and the combination of 
experiences and ideas from new and experienced sales engineers. Furthermore 
new sales engineers being able to meet sales engineers who currently work with 
the sales will be a great asset.  
 
The structure of the course will be such that it follows a typical sales cycle of the 
reactor, this in order to make it more situation based, less subject based. 
Background, introduction of market, presentation of products, application areas, 
competitors, sales process. For each stage it will be clearly stated what participants 
are expected to know. Focus of content will be very customer related.  
 
Here follows a breakdown of the different modules. For a more detailed plan see 
Training driving.docx.  
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1. Background 

Here the background to the development of Alfa Laval ART® Plate Reactors is 
presented and an introduction to ALRT (including its relation to structure of AL and 
its internal organizational structure) is made.  
Should understand: the history behind the reactors 
 

2. Introduction of Market 
Introduction of target markets/ industries. Includes the key industry drivers and 
description of process identification. Introduction of continuous flow reactors is 
made, including a general presentation of suitable reaction areas. (I.e. exothermic, 
fast reactions, unstable intermediates. 
Should understand: which the target industries are and their key industry drivers.  
 

3. Presentation of products 
Presentation of range of products (not just plates but even nozzles, 
thermocouplers) with a strong link to their application/ use. Working principle 
including information on mixing, residual time, pressure drop, heat transfer, 
capabilities (pressure and temperature range). Features, advantages and benefits 
(FAB) to the customer as well as limitations of the product.  
Should be able to: describe/ present product to customer using tools available. Be 
able to answer some initial customer questions. Know the key sales arguments and 
FAB of the reactors as well as their limitations.  
 

4. Customer 
A more detailed description of current and future customers. Including who they 
are, their needs, how they carry out their process today and how they could use the 
plate reactors (application areas). Identification of possible customers in the sales 
engineers regions. Discussion around how to approach and market and sell the 
reactor to target customers.  
Should be able to: Identify and know what characterises a potential customer in 
the region . Also knowing what to stress when marketing the reactors to these 
customers.  

 
5. Application Area 

A case story is presented in detail with discussion about why it worked and how the 
set up looked l liked (including peripheral equipment set up). Teaching about what 
to consider and how to scale-up is also done.  
Should be able to: Describe in detail an area of application. Identify the 
compatibility of a customer’s process to the reactors. Advice customer on how a 
potential setup could look like. Know what things to ask the customer/ look for in 
the customer process.  
 

6. Competitors 
Presentation and comparison of competing technologies; including continuous flow 
reactors, batch reactors and static mixers. Identification of main competitors in the 
different countries.  
Should be able to: Identify advantages and limitations of Alfa Laval ART® Plate 
Reactors compared to competing technologies using tools available.   
 

7. Sales process 
What ALRT is offering customers, presentation of sales goals and expectations on 
sales engineers’ role in the sales process. Discussion around effective ways of 
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marketing and selling the product. Should be able to: Know how to handle the 
sales process.  
 

6 Method and Scope of training 
Classroom training will be used. During the module Presentation of products 
hands on training will be used? Application Area will be in the form of a workshop/ 
seminar. Customer area will have a part which will include discussion with 
experinced sales engineers. Ideally/ if possible a visit to a customer visit should be 
done and combination with a fair for on-the-job training.  
 
Length of course: 2 days 
How often: Once a year 
Location of course: Alfa Laval Tumba, Sweden 
Language: English 
 

7 Competence of trainers 
A trainer of the course should;  

- Be well acquainted with Alfa Laval’s ART plate reactors and target market/ 
industry 

- Be aware of sales engineers background and working method 
- Preferably gone the train the trainers’ course provided by Alfa Laval 

academy.  
 

8 Resources & Cost 
Chart of people involved in the training course with clearly defined role: 
 

Person Role 

 Trainer of module 1/2/3/4/5/6 

 Administration 

 Training owner 

  
 
 
 
Recourse required: classroom, access to projector and white board. Access to lab 
for some hands on training.  
 
Estimation of cost 
For design and development: 18 x 10 = 180 hours 
 
(For design and development: # of training hours x 10 = estimated development 
time for Classroom training 
Total Estimated Time for Analysis, Design & Development can be roughly split 
across Roles: 

 5% of estimated development time for Stakeholders 

 15% of estimated development time for Subject Matter Experts 

 80% of estimated development time for Instructional Designers) 
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9 Training Milestones (rough draft) 
 

Project phase Milestone Tollgates Ready Date 

Planning Planning begins   

  Training Strategy 
finalised  

 

  Training Driving 
Plan finalised  

 

 Development of 
course material 
started 

  

  Combination of 
finalised course 
material  

 

 Gathering of 
necessary ‘extra 
equipment’ 

  

 Booking of 
necessary facilities 

  

 Planning for social 
activity 

  

  Booking of venue 
etc. for social 
activity.  

 

Administration  Course registered 
in ALPAS 

 

 Invitations sent out   

  Final date for 
application 

 

Implementation   Start of training 
course 

 

Evaluation Preperation of 
evaluation forms 

  

  Evaluation carried 
out 

 

 
 
Preliminary overview of Training timeline including start and end dates 
 
 

10 Interface with other ALRT tools 
Interaction with the following tools can occur during the modules.  
 

Module ALRT tools 

1. Background  

2. Introduction of market ART® Plate Reactors collaboration site 

3. Presentation of products Models of reactor parts 
Customer presentation 
Instruction manuals  
YouTube film 
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step into ART website?  
Actual reactors 
ART® Plate Reactors collaboration site 

4. Customer ART® Plate Reactors collaboration site 

5. Application Area Pd. Leaflets on application areas 
Evaluation form (found on collaboration 
site) 
ART® Plate Reactors collaboration site 

6. Competitors ART® Plate Reactors collaboration site 

7. Sales process ART® Plate Reactors collaboration site 

11 Risks and Contingencies 
Risk Contingencies Responsible 

That the ALRT staff 
responsible for training and 
developing the training 
material/ course will not have 
the time or motivation to do 
so.  

Start preparing for course at an 
early stage. Offer them the 
support they need. Inform them 
of the advantages even for 
themselves with interacting with 
sales engineers through a 
training course and planning a 
training course. All talked to 
ALRT personal have expressed 
a need for a training course, so 
motivation should not be too big 
a problem.  

 

Sales Engineers are 
reluctant to travel to the 
course because of expenses, 
Capture and the fact that the 
sale of the reactors is not 
always prioritized.  

Inform sales engineers of 
course well in advance. Positive 
marketing of course and 
personalised invitations. Relate 
course closely to sales 
engineer’s needs, so they see 
the point of coming to the 
course. Perhaps have it in 
conjunction with another course 
at AL.  

 

 
 

12 Appendix 
 
Attachments: 
 
Specify all attachments that belong to the project. Write down: 
 
Description of attachment:  File name: 
 
Revision history 
 
Specify changes done in different revisions. Write down: 
 
Rev. 1  Date  Specific changes 
Rev. 2  Date  …… 
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APPENDIX 3:  DRAFT TRAINING DRIVING PLAN 

 
Course 

Plate Reactor Technology  

Course Owner Department 

 ALRT 

Revision no Date  

1 2012-07-30  

 
 

Module Topics Specific details Method Advice to trainer 

Introduction 
(15min) 

 Presentation of the course 
Agenda 
 

Describe the purpose of the 
course and that we strive to 
link it closely to SE sales 
situation. 

PowerPoint presentation  Encourage participants 
to ask questions 
anytime during the 
course.  
Before starting off the 
following day, a short 
recap/ brain storm of 
the previous days 
lessons is advised 
(perhaps new questions 
have surfaced 
overnight).  

 Everyone introduces 
themselves, including ALRT staff 

They can mention; 
- Name 
- Place of work 
- Background  

Presentation round 
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- What brought them 
to the course 

- Expectations on the 
course 

- Prior knowledge of 
ART reactors, 
continuous flow 
reactors. 

Background 
(15min) 

(to understand 
history behind ART 

reactors) 

 History of ART  reactors  

 ALRT place in AL organization 

 ALRTs organisation 

Describe why development of 
ART plate reactors was 
initiated and the 
development sequence.  

PowerPoint presentation  

 Brief introduction to ART 
reactors, including general 
advantages of continuous flow 
reactors.  

Continuous flow reactors, 3 
reactors, main target  
industries being fine 
chemicals and 
pharmaceuticals. Mainly for 
R&D and production phase.  

PowerPoint presentation  

Introduction to 
Market 
(25min) 

(to learn about 
target industry and 
their key industry 

drivers) 

 Mention the general customer 
segments to focus on.  

 Explain how they work today 
(i.e. explain briefly batch 
technology)  

Can include figures (market 
size) and information on 
geographical location of these 
customers. 
Customer segments i.e. fine 
chemistry, pharmaceuticals, 
R&D and production etc.   

  

 Describe and explain Key 
Industry Drivers for these 
customer segments. What 
factors are important for these 
customers.  

From Tobias reports, key 
drivers in the industries; 
selectivity, cost 
competivitiness, lead time, 
safety, reliability, energy 

PowerPoint presentation  
Mind map.  
Discussion: 
Why are these key drivers 
important for the 
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  Which key industry drivers are 
ALRT focusing on addressing?   

 

savings. (environmental 
factors) Link to Tobias report 

customers? 
What other drivers exist 
locally that you can take 
advantage of? (special 
legislations, current 
trends/ fashion in the 
industry)   
Which do you feel are the 
most important? 

 Introduction to where in 
customers process the reactors 
would fit in. And more 
specifically what reactions are 
applicable.  

Suited for reactions which 
are/have 
 - Exothermic  
- Unstable intermediates 
- Fast kinetics 
-Toxic reactants as by 
products 
- mass transfer important 
-low yield… etc.  

PowerPoint presentation You may need to 
explain certain more 
‘chemical terms’.  
Give some real life 
examples of process 
that are exothermic, 
toxic reactants etc.  
Mention you will go into 
more detail later. 

 Describe Process Intensification  Definition, what it means for 
industries and why it is 
important when selling the 
ART reactors. 

  

Presentation of 
product 

(3hours, with lunch 
break in-between) 

(to describe/present 
product to 

customer. Know FAB 
and limitations of 

 Description of the reactor plate 
series.  

 How they work  

 Describe how scale-up using the 
ART reactors work.   
 

(usually customers little 
knowledge and experience of 
continuous flow reactors and 
no knowledge of ART 
reactors) What they are, why 
they are called what they are 
called, what channel sizes 
exist – why different channel 

YouTube film 
Use of models 
Pd leaflets  
PowerPoint presentation 

Before beginning to 
explain you can ask 
participants to describe 
the reactors based on 
what they saw on the 
YouTube film. Refer 
specifically to product 
package where they can 
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reactors) sizes. 
Explain utility and process-
side. Explain use of multiple 
ports. Mention that 
configuration of plates is 
possible. What customers 
need to consider during scale-
up. The steps leading to 
production scale. Why the 
reactors are great for scale up 

get more information 
on certain areas.  

Scenario discussion 

Description of reactor based on the 
following aspects that are important for 
the customer; 

 Capabilities (temperature and 
pressure range, what reagents 
can be used based on 
manufacturing material, also 
viscosity range) 

 Mixing (macro, meso, micro, 
laminar mixing) 

 Heat transfer 

 Flow (plug flow?)  

 Flow rate 

 Flow volume 

 Pressure drop  

 Residence time 

 Cleaning of reactors 

 Others 

Describe why these aspects 
are important for customers 
and how it applies to the ART 
reactors, link them closely to 
the customer questions 
related to these. Perhaps 
bring up other factors that 
affect these aspects. 

PowerPoint presentation   
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Describe other equipment 
available (nozzles, 
thermocouples..) 

Why should they be used, 
what affect/ value does 
customer gain from using 
them.  

PowerPoint presentation 
Models or actual 
products  

 

 Description of limitations Generally (fouling etc.) and 
more specific to customer 
process.  Why do these 
limitations exist. 

PowerPoint 
Discussion; 
What limitations can you 
see? 
Knowing about these 
limitations, what does it 
have for consequence on 
the identification of 
possible applications?  

Here examples of 
actually customer 
process that didn’t suite 
the reactor can be 
brought up and 
discussed. Explain why 
they didn’t work. 

Features, advantages and benefits exercise 

Application area 
(1,5 hours) 

(Detail 
understanding of 
application areas, 
determine process 
compatible for ART 

reactor, advice 
customer on 

potential reactor 
configuration) 

Lab and Application area exercise 

Customer 
(2 hours) 

(know which 
customer segment 

Customer segment discussion 
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to focus on and why. 
Identify these 

customers in the 
region) 

 Competitors 
(1 hour) 

(identify advantages 
and limitations of 

ART reactors 
compared to 
competitors) 

Compare the following competing 
technologies to ART reactors  

 Batch reactors 

 Plug flow reactor 

 Static mixers 

 Corning 

 Lonza 

 Velocys 

 Others? 
 
 
 
 

Compare based on 
technology, advantages, 
disadvantages, capabilities, 
financial factors. Which of the 
ART reactors features stand 
out from competitors?  
 
 

PowerPoint Presentation 
(perhaps get groups to 
read about competitors, 
and identify some 
differences, similarities, 
describe to the rest of the 
group) 
Discuss; 
What could customers 
greatest reservations to 
choosing ART over batch 
and other technologies, 
how can we convince 
them to change? 
  

 

Sales process  
(1 hour) 

 ALRT presents what their 
offering is  

 Describe sales process 

 Writing quotations and setting 
up rental agreements. 

 Challenges with sales and how 
to overcome it. (it is a tough 
market)  

 Pricing? 

 What marketing tools are 
available to the SE and where to 

i.e. focus on that AL is a 
solution provider 
 
 
incl. what technical support 
can be offered to the 
customer, what tests can be 
run in Tumba 
How it could look like. How 
requirements should be 
handled. How it can be 

Group discussion 
between experienced and 
new sales engineers. 
Discuss; 
How we can market and 
sell the reactors more 
efficiently in our 
respective areas. Make a 
sales plan? 
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find them. 

 ALRT sales goal and vision 

 ALRT expectation on SE 

 Who to contact within ALRT 
regarding questions on different 
issues.  

 Mention where ALRT is heading, 
what they are working on now 
(and when it plans to be 
finished) external partners.  

 

incorporated into sales of 
other AL products. That it can 
be a longer sales cycle (but 
doesn’t have to be). But 
eventually customers will go 
to production, so sales will be 
large. Product is a ‘new’ AL 
product, so you have a reason 
to call up a customer.  

Evaluation 
(15 min) 

 Evaluation of course 

 Ask other questions that ALRT 
are interested in getting 
answers for (i.e. what they want 
to see on collaboration site, how 
they can use it)  

   

Evening activity 
Fun evening activity for new SE together 
with the ALRT staff. 
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APPENDIX 4: COURSE EXTRACTS 

 

DISCUSSION OF SCENARIOS 

Estimated time: 45 minutes 

To Discussion group: 

You have booked a customer meeting with …(name, title/function of person)……… at  …(company 

name)…….. to describe, present and market the ART® plate reactors. Identify what knowledge and 

informational needs you have. Also what other needs you may have in order to have a successful meeting.  

Write these down on the post-it notes provided. Feel free to access the product package on the ART® plate 

reactors collaboration site for ideas 

The following table can be used; 

General Knowledge needs General knowledge needs 
developed/ specified further 

Other needs 

   

 

The post-it notes can then be moved into appropriate spaces in the following table; 

This I already know I know where I can find this 
information  

This I need help to know 
more about.  

  
 
 

 

 

If you were instead meeting a customer with a ….. background how would you knowledge needs differ?   

To facilitator: 

- You may need to give a short description of the product package found on the SHARE collaboration 

site.  

- If SE get stuck ask them to consider; what questions may the customer have? What is important for 

the customer? …. 

- Ask SE to stick their post-it notes on one side of the white board. Categorize these into main themes. 

Then go through each theme and as much as possible bring up the issues they addressed.  

- Your previous PowerPoint presentations can be used as a backup, to illustrate, but focus content on 

SE identified learning needs.  

- If you identify any other needs, bring these up. 

- Be clear with what your expectations are on the SE, based how much they need to know to handle the 

situation well and customers’ expectations on SE. 

- For each identified need mention who the SE can contact in regard to this and where more 

information on the topic is found.  
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FEATURES, ADVANTAGES AND BENEFITS DISCUSSION 

Estimated time: 45 minutes 

To SE: 

Given these features of the reactor what advantages exist for a customer’s process and what benefits/ value will 

this have to the customer and industry.  

Features Advantages Benefits 

Process channel shape   

Modularity   

Configurability   

Design Range   

Footprint, compact design   

Additional advantages for PR49   

Increased cross-sectional area and 
volume 

  

Increased port size   

Two utility cassettes   

…   

…   

Do the ART reactors have any 
other important features? 

  

 

Thinking back to the key industry drivers and different customers, which FAB should be stressed for each 

customer; R&D, production, customer segment etc.  

To Facilitator  

Help SE if they get stuck. Offer advice on what possible advantages could be. After giving the SE some time to 

discuss, go through some of the features. Giving the examples of them, and explaining why a feature gives this 

advantage and benefit.  

- After SE have discussed a while assign each group a customer, and ask them to identify which FAB to 

stress when talking to this customer. 

- Each group gives a short presentation of the chosen FAB.  

- Refer them to where on the product package on the collaboration site they can read more.  

- On important thing is examples (real-life or case stories) that actually show the benefits. Therefore 

where possible offer this information, or refer SE to where they can read more about it.  

 

APPLICATION AREA EXERCISE  

Estimated time: 45 minutes 

To SE: 

- For each of the different processes found on the evaluation forms consider the following;What would 

make this a potential case? 

- What does not make this a potential case? 

- Where could there be hindrance for it working in reactors? 

- What FAB would you stress to this customer? 

- What would you say to this customer to persuade them?  

- What would your next step be? How would you proceed with the customer contact?  
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- What can you generally say about applications suitable for the reactor?  

- From the previous ‘whole class discussion’ what did you learn/ will you take with you as you continue 

looking at different processes.  

Take help of information found in the Product package in the ART® Plate reactors collaboration site.  

To facilitator: 

You may need to explain some of the more ‘chemical’ terms on the evaluation sheet. When all groups have 

completed two of the examples have a whole class discussion, where groups say why they think it is/ is not 

applicable for the plate reactors. Discuss with them, and share what you think. (Remember they cannot become 

experts, however show them which conclusions they actually can draw) If possible you can elaborate on what 

the processes are, where they are used, what happens up and down-stream from these reactions. So that SE can 

put them in context.  

The process examples should vary in difficulty (i.e. some which are easy to identify as not possible cases, 

because of formation of solids) Preferable the process examples should be examples and process encountered 

in real life. 

LAB 

Estimated time: 1 hour 

Part 1: Introduction to reaction  

The reaction to be studied is described. What characteristics make it a possible candidate for the plate reactors? 

Also in what process is this reaction run? What processes occur pre and post this reaction? How is the reaction 

carried out in batch. 

Venue: in classroom 

Part 2: Assembling of plate reactor 

Here ALRT staff talks through the possible steps that they and the customer go through when converting a 

process from batch to continuous. Make sure participants become aware of the fact that often customers need 

to change/ adjust their process to make them better suited for continuous flow reactors in general. What 

decisions need to be made? What steps are taken? What configuration of the plate reactor is chosen and why; 

where reactants will be injected, how many plates are need, the role of each plate and how the system around 

the reactor should be built up.  

SE together with ALRT staff are then to carry out a small part of the assembling. Following this the system 

around an already set up and tested reactor will be set up, i.e. necessary auxiliary equipment attached.   

Venue: Lab, with access to flipchart or whiteboard 

Part 3: Test run of reaction 

A test run is to be carried out. It is not necessary to run with the actual chemicals. The SE could be given the 

chance to read offthe temperature and pressure of the utility and process flow. ALRT staff then presents the 

advantages gained from running the process in continuous flow as oppose to batch.  

Finish by shortly mentioning the other application areas, why they were applicable for ART and what benefits 

were gained through them.  

(Participants will even be able to see the assembled PR49)  

Venue: Lab 
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CUSTOMER SEGMENT DISCUSSION 

Estimated time: 2 hours 

Experienced SE begin by presenting their customer case/ meeting, which they have prepared beforehand. The 

following aspects can be mentioned (if they are not considered confidential); 

- Where the customers within R&D, universities, production etc. And in which branch/ segment more 

specifically.  

- Who in company was contacted? How was contact initiated?  

-What role/ background did the person you meet have? 

-How did you plan for the meeting?  

-Describe the meeting? How did you present the product? What else did you take up? What available tools did 

you use? 

- What FAB did you stress/ focus on? 

- What advantages did the customer see in the product?  

- What did the meeting lead to? 

- Identify the critical success factors/ factors that led to there being no sale. 

- How did the time scale of the sales process look like?  

- Who do you see as future potential customers?  

The new SE then have the opportunity to ask the SE questions. 

Following this groups consisting of experienced and new SE are formed and the following discussed; 

- What seem to be the general success factors? 

- What customer segments to focus on and why?  

- What arguments should be used to persuade customers to convert to continuous process using plate 

reactors? 

- List things to think of/ that will help you when promoting and selling the reactors?  

- What advice would you give SE working with the sale of the reactors? 

- What was something new you learnt that will help you?  

- How should customers within fine chemicals, specialty chemicals, R&D and production be 

approached?  

In the whole group discussion that follows, ALRT staff have the chance to present what customer segments 

they feel should be focused on and why. Where the trend is heading today?  

Each SE is also to identify 5 customers to contact, find contact details and make a plan for when and how to 

contact them. When planning they are to reflect on why they customers were chosen and consider the success 

factors mentioned earlier. The following figure can be used as a suggestion.  

 

 

 

 

 

 

 

Name of company: 

Segment: 

Who within the company will be contacted: 

Explain your choice of company and person to contact: 

How will you initiate contact?  

What prior information do you need? 

What are the customer’s key industry drivers? (any regulations you can make use of?) 

Plan your meeting, what will you bring up, how…. 

What FAB will you stress on? 

Where/ what will the customer be able to use the reactor for? 
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To facilitator  

-Perhaps more detail into how the identified customers work/ what process they carryout can be 

done?  

- The group can present answers to certain questions, i.e. success factors and customer segments to 

focus on. A SE (or other member of ALRT staff) can take notes that will be put up on the 

collaboration site.  

REFLECTIVE MOMENT 

Estimated time: 15 minutes  

To SE: 

Give each of the following statements a grade from 1-5. Where; 

5: Yes I know enough to be able to do this 

3: Yes with some more practice I will be able to do this 

1: No I have not been given enough support/ tools/ information to do this 

I can present the reactor to a customer?    

I know what to consider when talking to different types of customers 

I know which customer segments to focus on? I know where to find potential customers?  

Given a process, I can identify if it is applicable to the reactor or not? 

I know who to contact if I need help? 

I know what sales tools are available to me? 

I feel I can present the case stories to a customer? 

I understand how a reactor set up can look like?  

I know the difference between ART® plate reactors and competing technologies?  

I know why to focus on these segments? 

What would you like more information about?  

Etc.  
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Alfa Laval Tumba AB 

SE-147 80  TUMBA 

Sweden 

 

Visit: Hans Stahles Väg, Tumba 

Tel: +46 8 530 650 00 

 

www.alfalaval.com 

 

 

 

 

Evaluation of customer process for ART Plate Reactors 
 
 

1. Use of reactor: 
a) 
 Single product, or 
 
 Multi-purpose 
 
b) 
 Process development, or 
 
 Production 
 
 

2. Reaction type(s): 
 
 Liquid / liquid one-phase reaction 
 
 Liquid / liquid multi-phase reaction 
 
 Gas / liquid reaction 
 
 Gas/Gas reaction 
 
 Liquid / Solid reaction 
 
 Gas / Liquid / Solid reaction 
 
 Other, please specify below 
 
 
___________________________________________________________________ 
 
 

 

From 

 

 

Company:  

 

Name:  

 

Contact details:  

 

 

 

 

Date:  

 

  

APPENDIX 5: EVALUATION FORM 
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3. Specify reactants, intermediates and product(s), as well as reactant ratios 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
4. Are solids formed during reaction: 

 
 Yes 
 
 No 
 

5. If solid content, please describe below 
 
 
Solids concentration: _________________________ g/l 
 
 
Particle size: _________________________ µm 
 
 
Particle density: _________________________ kg/m

3
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6. Specify viscosity for reactants, intermediate(s) and product(s), cP or mPa·s 
 
 

 

 

 

 

 

 

 

 

 

 

 
7. Specify reaction characteristics: 

 
Reaction enthalpy: _________________________ kJ/kg 
 
Adiabatic temperature increase: _________________________ °C 
 
Reactant(s) heat capacity ___________________________________________ kJ/kg·K 
 
Reaction time: _________________________ 
 
Reaction temperature: _________________________ °C 
 
Pressure: _________________________ bar(g) 
 
Total process flow (volumetric): _________________________  
 

8. Specify production information: 
 
Current annual production: _________________________ tonnes 
 
Current annual operating hours: _________________________ hours 
 
 
Future annual production: _________________________ tonnes 
 
Future annual operating hours: _________________________ hours 

 
 

9. Construction material requirements: 
 
 Stainless Steel, 316L 
 
 Hastelloy, C22 
 
 Other, please specify below 
 
 
_____________________________________________ 
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10. Any other information which can be of interest for process evaluation: 
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