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Introduction 

 

Climate change is real; this is one thing 

scientists agree on! The average 

temperature was never higher than in the 

20th century and it’s still rising. Therefore, 

in December 2015, the Paris Climate 

Agreement has been signed by the United 

Nations Framework Convention on Climate 

Change. The goal of this pact is to keep the 

global average temperature beneath 2°C 

compared to pre-industrial levels. To reach 

this goal, member states declared that they 

would  reduce greenhouse gas emissions by 

the end of the century, to up to 25% in 2040 

and 35% in 2050 (IRENA, 2019). 

Abstract  

 

This paper presents the key concerns of offshore wind turbine Original Equipment 

Manufacturers’ (OEMs) Product Portfolio Management (PPM) functions for the predicted 

turbine growth. In addition, it provides possible improvements within the portfolio decision 

process through available cost forecast equations for turbines’ main components. This is done 

by answering the research question “Will offshore wind OEMs’ PPM benefit from cost forecast 

equations for turbines’ main components within their portfolio decision process?” The 

answer to this question is found through an extensive literature review of product portfolio 

decisions within PPM in the wind industry and through interviews of key experts from a 

leading offshore wind turbine OEM. The method of qualitative content analysis as outlined by 

Mayring has been used to analyze the interviews and interpret the findings. It was analyzed 

if offshore wind turbine OEMs’ PPM agrees to the from the literature predicted turbine 

growth and what they see as the real risks and cost drivers correlating with it. In addition, it 

was evaluated if cost forecast equations could improve the CAPEX estimations in the portfolio 

decision process. The presented results will be used in future research to create accurate cost 

forecast models for turbines’ main components with the aim of an overall turbine CAPEX 

scaling model.  

 

Keywords: Portfolio Management, Portfolio Decision Making, Offshore Wind Turbines, Cost 

Scaling, Renewable Energy. 
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Particularly, offshore wind turbines, which 

have several advantages compared to 

onshore turbines, will drive the progress 

towards the low emission targets. By the 

end of 2020, there is around 25.014 MW of 

constructed offshore wind capacity 

available (Jaganmohan, 2021). The 

forecasts for offshore wind are extremely 

positive, as offshore wind can compete, 

since 2018 in Europe without subsidies, 

with all conventional energy sources 

(Alastair Dutton et al., 2019, 4). Projections 

suggest that the an annual growth from 

2019 to 2027 will average 11 GW per year, 

a fivefold increase over annual installations 

from the preceding eight-year period 

(Alastair Dutton et al., 2019, 6). Other 

sources go beyond that and predict around 

28 GW for 2030 and even 45 GW per year 

for 2050. The overall installed offshore 

wind capacity is predicted to reach 228 GW 

and up to 1000 GW in 2030 and 2050, 

respectively. This would mean a yearly 

installation of around 45 GW in 2050, which 

would be an around ten-fold increase 

compared to the 4,5 GW added in 2018 

(IRENA, 2019)(Meißner, 2020d). 

 

The assumption on which the forecasts are 

based is that the electricity production costs 

or Levelized Cost of Energy (LCOE) of 

offshore wind will continue to decrease 

(IEA, 2019). Today, in order to lower the 

LCOE of offshore wind, one measure by the 

turbines’ Original Equipment 

Manufacturers (OEMs) is to increase the 

turbine rating and size of the rotor, as this 

increases the annual energy production and 

decreases the installation costs per wind 

farm. In 2020, Siemens Gamesa announced 

a 14 MW turbine with a 222m rotor 

diameter (Siemens Gamesa Renewable 

Energy, 2020). Vestas Wind Systems went 

one step beyond in 2021 and announced a 

15 MW turbine with a 236m rotor (Vestas 

Wind Systems A/S, 2021). Scientists and 

researchers predict that turbines will reach 

20 MW with rotors of 300 meters in the next 

decade (Barla, 2019). 

 

But, according to the square-cube law, the 

material costs of larger turbines will be 

significantly higher (Huerta, 2006). In order 

to avoid these cost increases, innovations 

and new technologies must be deployed. In 

order to offer the right turbine in terms of 

size, rating, technology and costs on the 

right time in the future, wind turbine OEMs 

are using product portfolio management 

departments. 

 

Theory, Research Question and 

Hypotheses 

 

Product portfolio Management 

Product Portfolio Management (PPM) is 

used since the 1960s and is about allocating 

the resources for introducing the business´s 

products and technologies’ objectives 

(Cooper et al., 1999; Jugend et al., 2017). 

(Lahtinen et al., 2019, 1) found, in their 

extended literature research, that the main 

available literature about PPM is focusing 

on the management of new products 

introduction and R&D projects. This is an 

indication that PPM is mainly focused on the 

early phases of the product’s lifecycle 

process - in the product’s definition 

(Tolonen et al., 2015). According to (Lynn et 

al., 1999), new or updated products will 

achieve cost reductions and functional 

improvements, which will lead to the 

company´s competitive market position 

(Hänninen et al., 2013). Nevertheless, PPM 

also decide the discontinuation of a product 

(Jugend and Da Silva, 2014). Overall, with its 

product and portfolio decisions, PPM is 

impacting the long-term growth and 

financial success of the company and should 

be based on facts and figures and not on 

estimations (Mikkola, 2001). 

 

A decision for a product or a whole portfolio 

is typically made based on business 

strategy, project risk and product value as 

well as forecasting the estimated material 

cost of the product. However, due to the 

timing when product portfolio decisions are 

made, the decision is very complex (Cooper 

et al., 1999) since it is very challenging to 

predict the future cost of a not yet existing 

product (Lin, 2008). Mistakes in this early 

decision making process can lead to poor 

commercial attractiveness, a transmission 

of immature technology and higher than 

expected development expenses (Jugend 

and Da Silva, 2014). To generate the best 

portfolio results – a matrix organization 

with cross functional teams have 

demonstrated best results (Jugend and Da 



3                                                                                                                              Communications of the IBIMA 

__________________________________________________________________________ 

 

__________________ 

 

Maximilian MEISSNER and Michal GREGUS, Communications of the IBIMA,  

DOI: 10.5171/2022.942296 

 

Silva, 2014; Olson et al., 2001). In addition, 

Cooper et al. already specified, in the year 

1999, that PPM is using financial models and 

indices, the option pricing theory and 

strategic approaches in order to make the 

right portfolio decision (Cooper et al., 

1999). 

 

The organizational set up of PPM is 

discussed intensively in the literature. Olson 

et al. found out that PPM´s success is not 

only limited to cross functional teams 

between PPM and R&D as published in the 

main literature which they analyzed. They 

pointed out that operations and marketing 

also play a key role in the success of PPM´s 

decisions (Olson et al., 2001). Further, 

Jugend et al. also analyzed the 

organizational structure of PPM through 

intensive literature reviews and pointed out 

that next to cross-functional teams, matrix 

organizations also work for the successful 

integration of new product introduction 

processes (Jugend and Da Silva, 2014). 

Brettel et al. added marketing as an 

important stakeholder in the PPM decision 

process (Brettel et al., 2011). Procurement, 

as a relevant stakeholder, could not be 

found in the literature. 

Cost Prediction Methodology for Offshore 

Wind Turbines Within PPM  

As already mentioned by Cooper et al. in 

1999, PPM is responsible for making 

portfolio decisions, and this includes 

predicting the future cost of the products. 

For this, over 77 % of businesses’ PPM 

teams are using e.g. financial models 

(Cooper et al., 1999; Cooper et al., 2001). In 

order to calculate the expected commercial 

value of a new project, the future income 

stream needs to be predicted – which 

includes the future material costs of the 

product (Cooper et al., 2001). There are no 

publications available about how PPM 

organizations at offshore wind OEMs are 

estimating the future cost. However, it is a 

common sense to use the LCOE as a 

reference (BEIS, 2020; Bosch et al., 2019; 

Bruce Valpy et al., 2017; Crabtree et al., 

2015) which will be assumed as a baseline 

for cost prediction at offshore wind 

suppliers’ PPM teams. 

Beis et al. defined the LCOE, which is 

commonly used, as the discounted sum of 

costs over lifetime divided by the 

discounted sum of energy produced (BEIS, 

2020). Within the discounted sum of costs 

over lifetime, the turbine costs which 

include the nacelles, towers and blades, 

represent up to 45 % of the whole wind 

farm CAPEX investment (Brian Snyder and 

Mark J. Kaiser, 2008; Crabtree et al., 2015; 

IRENA, 2019; Ove Arup & Partners Ltd). 

Offshore wind OEMs’ PPM needs to predict 

these costs around four years ahead of serial 

production. Research showed that there are 

no accurate cost models available to predict 

the future CAPEX of offshore wind turbines. 

This could lead to no commercial 

attractiveness for the new products. With 

the increased size of offshore wind turbines, 

compared to the OPEX-, the CAPEX-portion 

within the LCOE also increases, which 

requires the need for an increased accurate 

cost prediction (Meißner, 2020c). 

 

Through this offshore wind, OEMs’ PPM is 

forced to increase the accuracy of the 

forecast of material costs. However, as the 

literature proved, the current published 

CAPEX forecast models are not accurate 

enough (Meißner, 2020c). 

 

Research Question and Hypotheses 

 

The literature review about the theory of 

PPM and wind turbine cost estimation 

methodology was used as a baseline for the 

used interview questionnaire. This research 

paper aims to analyze the main concerns of 

Offshore Wind Turbines (OWT’s) OEMs 

regarding the portfolio decision making 

process and if they will benefit from cost 

forecast equations for wind turbines’ main 

components to narrow the discovered 

research gap.  

 

For this, the study within this paper is 

developed around the following research 

question, which guides through the 

research process. 

 

R: Will offshore wind OEMs’ Product 

Portfolio Management benefit from cost 

forecast equations for turbines’ main 

components within their portfolio decision 

process? 
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To answer this question, this paper is 

analyzing the following three hypotheses: 

H1: The predicted offshore wind turbine 

growth is correct. 

H2: The disproportionate increase in 

material costs for larger offshore turbines is 

the biggest challenge for turbines’ OEMs. 

H3: Cost scaling equations could help to 

improve the portfolio decision making 

process. 

The aim of this research is to present the 

main challenges for offshore turbines’ OEMs 

within the portfolio decision making 

process. In addition, it should be 

investigated if the assumption of the growth 

of offshore wind turbines is expected from 

OWT’s PPM perspective. Special attention is 

paid to the advantages of future material 

cost equations for offshore wind turbines’ 

main components. 

Research Design and Data Collection 

Research Design and Strategy 

In this type of research, the investigator 

concludes the significance of his findings 

and aims at generalizable conclusions. The 

research was carried out by analyzing 

literature, interviewing experts of a wind 

turbine OEM, as well as analyzing internal 

documents.  

The study was started by carrying out a 

literature review to have the necessary 

understanding of the discussed topics, and 

to map the existing practices and 

knowledge, regarding product cost 

estimations for offshore wind turbines’ 

components and CAPEX. This part was 

published in earlier research by  (Meißner, 

2020c). The literature review was 

conducted by keyword searches on Google 

Scholar to search for articles relevant to the 

topic. The relevant keywords used include 

several variations of the product portfolio 

decision process, LCOE, wind turbine 

costing, cost estimation and forecast. The 

identified documents and articles were 

precisely studied to evaluate their 

applicability. 

The presented research question with its 

hypotheses will be answered using a 

qualitative research design with semi-

guided expert interviews. The results and 

insights of the conducted literature review 

were a key input for the formation of the 

interview questionnaire in order to support 

the interviewer. Answers were categorized 

and assigned to the predefined hypotheses 

in order to answer the research question. 

This theory building approach explores 

theory building blocks from material in a 

predominant inductive process (Mayring, 

2010). 

 

Data Collection 

The data collection includes two semi-

structured expert interviews with wind 

turbine OEM employees who hold deep 

expert understanding and are responsible 

for the future product portfolio including 

the material cost prediction. The experts 

were known to hold the relevant knowledge 

of the studied issues, and the ability to 

analyze the current practices and situation. 

Each interview was recorded to ensure the 

detailed examination of the interview. The 

selected employees included people from an 

offshore wind OEM’s PPM organization. 

The titles of these employees include: Head 

of Wind Offshore Portfolio Management, 

and Commercial Director Offshore Portfolio 

Management and Cost Competitiveness. 

The interviews have been conducted via 

Microsoft Teams in a one-on-one setting 

and lasted 39 and 42 minutes. Interviewers 

have been at their home places. During the 

interview, the interview guide was used; 

however, the sequence of questions varied 

according to the respective interview 

partners, and the selection of questions was 

adapted individually according to the 

course of the conversation. This made it 

possible for the interview to take place as 

naturally as possible, which was intended to 

provide the most realistic possible picture 

of the interviewees' opinions. The interview 

partners were not aware of the 

questionnaire in order to be able to answer 

the questions more spontaneously without   

preparation. The interviews were recorded 

through the recording function in Microsoft 

Teams. Following the interviews, they were 

transcribed using the transcription 

software. 
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Data Analysis 

The statements obtained in the expert 

interviews were converted into text form 

using the easytranscript transcription 

software. 

The complete transcriptions of the 

interviews were subsequently compiled and 

coded with the aid of a self-created Excel 

spreadsheet. The formulated codes are 

based on the research question and 

hypotheses, and were applied to all 

interviews. Meaningful, content-related 

categories were formed using a 

combination of inductive and deductive 

procedures. According to the qualitative 

content analysis, these categories are 

described synonymously with variables, 

characteristics or characteristic values. 

Extracting the individual text passages and 

assigning them to the defined categories 

enable the optimal comparability and 

provide an overview of the qualitatively 

valuable and evaluable text components 

(Kuckartz, 2016). 

The following core criteria formulated by 

Mayring serve as quality criteria for the 

qualitative research and evaluation of the 

results for this work: Procedural 

documentation, argumentative 

interpretation safeguards, rule-

boundedness, proximity to the object, 

communicative validation, and 

triangulation (Mayring, 2010). 

 

Results 

In the following section, the empirical data 

from the individual interviews are 

presented as condensed results. For this 

purpose, the statements of the interview 

partners are assigned according to the 

formed categories. 

C1 Results: Current and future offshore 

turbine growth 

SC1.1 – SC.1.4 

Researchers predict a significant turbine 

growth within the next decade and the 

interviewed experts tend to agree on this 

trend. For the question regarding whether 

they foresee a limit, the answer was clear 

“No, not yet” (I1, (Meißner, 2020a), 37p.1), 

“it is hard to say” (I1, 60, p.2) and “I see no 

reason why that trend would not continue” 

(I2, (Meißner, 2020b), 35-40, p.1). Maybe 

the exponential growth is “flattening out” 

(I1, 41, p.1) and “the pace is slowing down” 

(I2, 35-40, p.1), but the experts did not want 

to predict a limit for the size of offshore 

wind turbines. “Usually in the past, people 

saw limitations in the kilowatt, megawatt 

and even multi-megawatt range” (I2, 35-40, 

p.1) and they were all wrong. One 

interviewee explained that you can only 

“find a theoretical optimum” when “you 

freeze all innovations (...). But in the nature 

of innovation (...), it becomes a bit 

unplannable, as you´re not sure if your new 

idea can be matured – but if these ideas 

became real, this would be the drivers for 

further growth” (I1, 41-52, p.1-2). In line 

with this, another expert said: “the 

technological breakthrough and also the 

development of the supply chain have led to 

bigger and bigger turbines. So, I see no 

reason why that trend would not continue” 

(I2, 35-40, p.1).  

The experts expected growth of turbines in 

line with the advantages they enumerate. 

For example, “with the growing number of 

plate capacity, you do have fewer positions 

that help a lot in fewer foundations and also 

in less service effort” (I1, 25-28, p.1), which 

leads to an overall reduction of the LCOE. 

This is in line with what another expert 

elaborated that with “bigger turbines out in 

the field, you basically save foundation costs 

by taking positions out, which is an 

important driver in the offshore business 

case” (I2, 19-21, p.1). Moreover, one expert 

mentioned that “foundations don´t scale” 

like turbines and “if you double the size of 

the turbines, a foundation doesn´t cost 

double (...) and this is where you really get 

the savings in” (I2, 52-56, p.2).“In addition, 

saving also OPEX cost for our customers.” 

(I2, 19-21, p.1). Additionally, “you only have 

to visit one turbine to do service and to do 

trouble shooting, so you actually get a better 

efficient set up there” (I2, 56-57, p.2). This 

more efficient set-up saves OPEX costs and 

lowers the LCOE as well. At the end, this is 

another reason for the future growth of 

offshore wind turbines. 
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The experts have given an outlook only till 

2030 as they didn´t want to speculate for 

2050 for example. One expert mentioned 

that for 2030, “external analyst reports 

think that turbine sizes of 20MW could be 

around. (...) Yeah and they might be right” 

(I1, 65-69, p.2) and “I think something 

around the 20MW range is not unlikely to 

happen” (I1, 74-77, p, 2). Another expert 

mentioned that “I think something around 

the 20MW range is not unlikely to happen” 

(I2, 75-76, p.2) in 2030. For the rotor size of 

a 20 MW turbine, one expert elaborated that 

“it’s hard to say but at least what we have 

seen so far is the rotor loading, which is in 

the end what is driving, and if you 

extrapolate from what we see today in 

terms of (...) Watt per square meter (...), I 

think you will probably get in a range of 

whatever 250 - 300 meters” (I2, 80-84, p.2). 

For an OEM´s PPM, this means that in the 

future, they “always consider what is the 

biggest (...) technical feasibly turbine (...) 

when calculating portfolio decisions” (I2, 

64-68, p.2). 

C2 Results: Material cost portion increase is 

the main challenge for growing OWT. 

Research showed that within the LCOE 

calculation of offshore wind, the CAPEX 

portion will increase through the growing 

turbines compared to the OPEX (Meißner, 

2020c). This is also in line with what experts 

are referring too. One interviewee pointed 

out that “there is basically a tendency that 

this (CAPEX) goes up when you go to bigger 

turbines. (…) The weighting is probably 

going up especially since we have savings in 

the other areas like OPEX and the 

foundations we discussed before” (I2, 129-

135, p.3). 

Nevertheless, this trend comes along with 

challenges. One expert agreed to the 

literature (Meißner, 2020c) that “the main 

challenge is (...) the square cube law (...) that 

means if (...) you´re increasing the swept 

area of your rotor by a factor of two,(...) then 

you will over proportional increase the 

loads, and hence you will have over 

proportional increase of the cost of the load 

carrying parts like the hub (...), which means 

that the turbine itself per Megawatt would 

even get more expensive if you wouldn´t 

have any technology innovations” (I1, 19-

25, p.1). Another interviewee said that they 

“see that the turbines are getting bigger - if 

you look at the cost per megawatt that you 

install, it is actually hard to keep that stable” 

(I2, 48-51, p.2). This increase in material 

costs isn´t coming “from a technical 

complexity, but from a simply supply base 

like castings. I think it is also definitely one 

of the key concerns” (I2, 161-164, p.4). The 

expert is highlighting that “one big issue is 

obviously the supplier’s capabilities, 

because we are talking sizes - if you talk 

about castings, if you talk about bearings. 

So, components sizes which are new to the 

industry or to any industry. (…) But there is 

not really any other industry that also 

requires components of that size” (I2, 142-

146, p.4). Therefore, the limited supplier’s 

base is driving the component cost in 

addition to the over proportional growth of 

the main components.  

Another challenge which comes along with 

the turbine growth is that the increased 

costs per turbine lie within the OEM, and the 

generated savings through bigger turbines 

lie within the customer. One expert 

mentioned that “of course, it´s a challenge 

that the turbine is in our scope, whereas at 

least a lot of the savings, due to fewer 

positions, are in the customers’ scope. For 

example, for all the service benefits, it´s a 

challenge to negotiate a fair split of the value 

that is being created by going larger” (I1 25-

33, p.1). A further challenge is “the 

increased size of components to handle 

where we see that the supplier’s landscape 

is limited” (I2, 22-24, p.1). Furthermore, in 

terms of the transportation and installation 

of larger offshore turbines, an expert 

elaborated that “if you look into the 

transportation and installation capabilities 

(…) and installation vessels which are out in 

the market, there are limitations” (I2, 24-25, 

p.1). These limitations in available 

installations ships increase the costs and 

make the growth a challenge. 

Beside the quantitative challenges, there are 

qualitative ones. In order to keep the cost-

increase limited, OEMs try to improve their 

products with technology innovations. 

These innovations come with a certain risk 

“and risks are plenty. There are technology-

risks; you simply (...) don´t get a technology 

to work. Or you have some failure rates that 
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are above expected. These would be 

technology risks” (I1, 206-213, p.5). 

However, new technology introduction also 

leads to “timing risks, for example  you´re 

simply just too slow, or you´re not ready 

when you have promised to be ready. 

Normally, we have quite significant LDs 

(Liquidated Damages) to pay” (I1, 206-213, 

p.5). However, the LDs are not only the  

issue. If the product is not ready on time, the 

OEM will “miss a bidding window, for 

example in the UK, (...)if you don´t have a 

product for this auction, then you´re simply 

not in the race and there will be an 

allocation for around 8-9 GW volume. So, 

timing is important” (I1, 210-227, p.5). 

C3 Results: Improvements through available 

cost scaling equations 

The interviewed experts have agreed that 

today’s component cost scaling is not 

accurate. For the component level, they 

mentioned that “on some, we are more off 

than others” (I1,294-301, p.7) and “you´re 

off on one component, probably there is 

another to offset” (I2, 224-231, p.5-6). They 

agreed on this point; however, the experts 

also argued that “the sum is maybe not as 

wrong as each individual part” (I1,294-301, 

p.7) and “if you look at overall values - there 

are pretty spot on” (I2, 224-231, p.5-6). This 

means that the overall turbine cost 

estimations, in their opinion, are on a good 

level. An interviewee called this a “certain 

pooling effect” (I2, 224-231, p.5-6). With 

this, the current way of component cost 

scaling carries a certain risk and uncertainty 

when product portfolio decisions are made. 

This conclusion is also underlined by an 

expert which explained that “there have 

been surprises in the past and that usually 

comes if you hit a certain scaling threshold 

where basically established processes can´t 

be used anymore and you don´t see that 

coming. There can be significant extra costs 

coming up which you´re basically not 

planning for” (I2224-231, p.5-6). 

As for the question regarding whether there 

are any security factors applied within the 

current component cost estimations 

process,  the answer was clear. The experts 

commonly agreed that even with the 

knowledge of the described uncertainties, 

no security factors are applied to the 

current cost estimations. For example, one 

expert said: “when we look into the business 

case, we usually don´t take safety factors in 

the calculations” (I2, 233-242, p.6).  

There are certain advantages the experts 

can see in the existence of component cost 

scaling equations. In relation to the 

mentioned uncertainties in the cost scaling, 

their existence “will reduce risk” (I1, 329, 

p.9) and it “would be good to have more 

accurate forecasts (...) as you look into a 

huge range of uncertainties” (I2, 349-364, 

p8). One expert mentioned that you could 

offer the new product earlier in a bidding 

process for a new offshore wind project and 

that would be a huge advantage as OEMs are 

currently even more forced to offer their 

products even before they have built a 

prototype. An interviewee said: “that is 

actually happening and that is even more 

often in the future and the more clarity we 

can have on costs and also on the technical 

performance at an early point - the better - 

the lower is the risk”. So, the sooner the 

OEMs can do certain material costs 

estimations, the higher is the certainty to an 

early stage. So, he mentioned that “the 

earlier we know, the sharper we can offer, 

the higher is the probability that we can win, 

and the lower is the risk that we face bad 

surprises” (I1, 432-449, p.10). 

Another expert outlines the same advantage, 

adding the saving of manual effort which is 

done for current cost estimations. As the 

expert mentioned “we would for sure save a 

lot of the footwork - going to experts, and 

asking them for their guesses with limited 

amount of input data. That of course would 

be more formalized. And you could also be 

sure to be faster and you could reduce risks 

by, let’s say, putting it more on a fact base 

and not so much on an expert’s view. And 

the earlier you get the facts in and the more 

stringent you organize the process, the less 

risk you have and the faster you can be. So, 

there is no doubt that this would add value” 

(I1, 393-400, p.9). 

However, the experts also mentioned some 

concerns and conditions that the forecast 

equations need to fulfill in order to be 

trusted. One expert said that the equations 

“very much depend on the assumptions you 

take - and you need to revisit them on a 

regular basis and see how the industry is 

changing” (I1, 488-497, p.11). In this sense, 
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he is pointing to future technology changes. 

For example, if you would keep the cost 

equations as they are and don´t develop 

them further over time, they will not 

capture these innovations and would 

estimate the future costs to high. And the 

same counts for suppliers’ manufacturing 

capabilities which he is referring to as well. 

Another expert agreed on that, pointing to 

the data from the past. If the equations have 

technology innovations included, the future 

costs can be underestimated, but “then, you 

would have probably a super competitive 

product, because at an early stage, you 

would already consider technologies that 

are not mature” (I2, 449-454, p.10). Both 

cases need to be considered and should be 

transparent to the users of the future cost 

estimation equations.  

One expert pointed out a benefit of cost 

forecast equations which is the difficulty to 

quantify. He mentioned that you “would 

never translate that into a concrete margin 

upside or whatever” as you could still 

under- or overestimate the costs. But for 

sure it would “lower the risk. (...). Once it is 

sure, it is helping to reduce risk and it´s 

therefore a good thing” (I1, 410-428, p.9-

10). 

 

Discussion 

At this point, a discussion of both the content 

and the methodology should take place in 

order to be able to answer the research 

questions. This will be done through the 

interpretation of the results and with the 

help of the literature. The discussion of the 

content refers to the critical reflection of the 

statements of the interview partners in the 

context of theory and research. The 

methodological discussion refers to the 

selection of the chosen interview partners 

and the procedure within the framework of 

the research design. 

About the Methodology 

First, an analysis of the existing literature 

was conducted, assessed for relevance, and 

considered accordingly. For the topic, the 

relevant literature was very rare, as the cost 

impact of the offshore wind turbine growth 

has not been investigated extensively, even 

not for onshore turbines. The literature 

review was conducted by keyword searches 

on Google Scholar to search for articles 

relevant to the topic. The used keywords 

relate to and include several variations of 

the product portfolio decision process, 

LCOE, wind turbine costing, wind turbine 

cost estimation and forecast. It was a 

challenge to point out the relevant literature 

as the topic is not well researched till today.  

The open-mindedness of the interview 

partners, who were experts for this work, 

was particularly surprisingly positive. The 

challenge of finding a meaningful research 

unit for the sample, which is otherwise 

common for qualitative research, does not 

apply in this case. However, a higher sample 

number would have the advantage of being 

able to derive more generally valid 

statements (Flick, 2019). Additionally, a 

following quantitative study, which builds 

on the results of this work, would help in 

supporting the qualitative results with 

numbers. The validity is certainly to be 

considered under restriction, since the data 

collection method was a random sample, 

which means that the decision of who to 

include in the sample was not subject to any 

elaborated sample planning, but only to the 

discretion of the authors of this work. In 

addition, it is worth mentioning that the 

interviewed experts work for the same 

turbine OEM. As a result, the sample is 

biased and not representative, because the 

experts selected in this way do not 

represent a cross-section of the industry. 

The advantage, however, is that at least 

initial, realistic impressions can be gained 

quickly and easily.  

During the interview, it was challenging to 

ask the individual interviewees identical 

questions, as the answers and general topics 

took on a very strong momentum in the 

course of the conversation. Nevertheless, 

comparable or contrastable answers were 

to emerge at the end for an evaluation of the 

results without any influence on the part of 

the interviewer. Thus, the answers that did 

not lead, in a target-oriented way, to 

answering the research question were 

intentionally not used in the coding table.  

In retrospect, the authors consider the 

decision regarding a qualitative research 

design to be correct. Because 

fundamentally, the qualitative research 
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design, due to its characteristic openness 

(Mayring, 2010) not only allowed for a 

certain depth of the topic, but also for 

surprising answers, such as "we need to 

know our supplier’s capabilities; we know 

at least the transport limits; in order to 

avoid that we are, let’s say, getting these, 

let’s say, discontinued; this jumps in costs; 

Because this is the biggest risk" (I1, 290-

294, p.7). With a quantitative questionnaire, 

answers like these would very likely not 

have been recorded, as the authors would 

not have even considered these answers as 

an option. The topic would therefore have 

been predefined from the outset in a much 

narrower and more subjective way from the 

authors’ point of view. 

About the content 

At this point, the results will be interpreted 

and evaluated. For this purpose, the 

research question will be answered by 

answering and discussing the hypotheses. 

The overarching research question is “Will 

offshore wind OEMs’ Product Portfolio 

Management benefit from cost forecast 

equations for turbines’ main components 

within their portfolio decision process?” To 

answer this question, this paper is analyzing 

the three hypotheses with the help of the 

statements of the build categories. 

H1: The predicted offshore wind turbine 

growth is correct. 

This research confirms that the analysts 

predicted the size increase of offshore wind 

turbines within the next decade. The 

interviewed experts, in line with the 

literature, predicted a further growth. For 

2030, they foresee turbines in the range of 

20 megawatt and a rotor diameter between 

250 – 300 meters. However, this also seems 

to be just an intermediate stage. The 

interviewees didn´t want to predict any 

limits for the future growth for offshore 

wind turbines. The predicted size increase 

will, according to the experts, slow down 

but this depends on the future technology 

innovations which are the drivers for bigger 

turbines. The continuous growth of turbines 

is expected as long as it pays off to have 

fewer positions per wind farm. The 

customer business case with fewer turbines 

improves with less foundation, installation 

and operational costs. All of this leads to a 

lower LCOE and a higher internal return of 

investment (IRR) for OEMs’ customers. 

With this, a discontinuation of the trend for 

larger turbines cannot be foreseen, which is 

a fundamental confirmation for the need of 

cost forecast equations for offshore wind 

turbines’ main components. 

The hypothesis can be answered clearly 

with yes. There are no indications that 

offshore wind turbines will stop growing 

within the outlook the experts could give. 

But to enable the growth, technological 

innovations are needed.  

H2: The disproportionate increase in 

material costs for larger offshore turbines is 

the biggest challenge for turbines’ OEMs. 

As stated in C1 and H1, the main advantages 

for larger turbines lie in the scope of the 

customer and not within the OEMs. The cost 

reduction for OPEX and installation costs 

and at the same time the increase in 

material costs increase the absolute portion 

of turbine CAPEX in the LCOE equations. As 

the material costs lie within the OEM´s 

scope, it is to be expected that their main 

challenge is the growth of the main 

components. Because through the square-

cube-law, the weight and cost of materials 

increase over proportionally with the 

turbine growth (Meißner, 2020c), as 

confirmed by this research. The interviewed 

experts described the over proportional 

growth of the main component as their main 

challenge. Further, with the increase of 

components, the supply chain risk 

increases. On one hand, on the main 

component suppliers but on the other hand 

as well on the turbine handling including 

the installation vessels and cranes. 

The increasing costs and risk for the OEMs 

force them to introduce technology and 

material innovations which aim to reduce 

the material costs. However, the experts 

described that these innovations add new 

risks for the OEMs. New materials and 

technologies must be tested and verified, so 

the risk is high when these innovations are 

not on time for serial production or do not 

perform as expected regarding the new 

product. It seems that these challenges are 

known to the industry at the OEM and the 

customer site, leading to the main challenge, 
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which is to negotiate a fair split between the 

parties of the cost reduction benefit on one 

hand, and the cost, technology and supply 

chain risk on the other hand. 

To answer H2, it can be said that the 

disproportional increase of the material 

cost portion is an extreme challenge for the 

turbines’ OEMs, which is closely related to 

the increasing size of turbines’ components 

and the risk scenario for new technologies 

and innovations coming along with it. It 

seems that this challenge, where the upsides 

lie within the customer and the downsides 

within the OEM, is known. So, the main 

challenge seems to be the negotiation of the 

fair split between the commercial and risk 

up- and downsides for future larger 

offshore wind turbines. 

H3: Cost scaling equations could help to 

improve the portfolio decision making 

process. 

The results from H1 and H2 underline that 

the predicted growth of offshore wind 

turbines is real, and this sets the clear 

foundations for the need of component cost 

scaling equations within the portfolio 

decision making process. 

Within this research, it has been identified 

that the current component cost 

estimations within the portfolio decision 

process are not precise and guesses from 

experts are more qualified, especially when 

components hit certain limits related to 

transport or to manufactures’ capabilities. 

Till now, it seems that the off-rate of larger 

turbines get the risk of wrong estimates due 

to the square-cube-law. Due to this fact, it 

seems surprisingly that even with the 

knowledge of inaccuracy, there are no safety 

margins included in the cost calculations 

within the portfolio decision process.  

So, it is not surprising that the experts see 

benefits in available cost scaling equations 

for offshore main components, especially in 

terms of risk reduction as the equations 

could help reduce the risk of wrong cost 

estimations, since these equations would be 

built on transparent rules and data. At the 

same time, it would reduce the manual 

effort of collecting and discussing the cost 

estimations for each individual main 

component. The profound knowledge of the 

turbine costs at the early stage of the 

portfolio decision making process could 

also lead to a faster decision making and 

subsequently to the fact that the OEM can 

offer the new turbine earlier to the 

customer, which would be a huge advantage 

against the other OEMs in terms of timing . 

Beside the advantages of the cost scaling 

equations, there are some valid concerns 

related to the data quality and the 

considered technical assumptions. As the 

equations would be built on data from the 

present and the past, the cost prediction 

through the created scaling equations 

would consider the technology innovations 

from the past, and this is also expected for 

the future. In addition, the equations must 

be constantly reviewed as each new or 

changed data point will change the 

equations. So, the created equations should 

not be fixed in time and should regularly be 

updated to guarantee the best value to PPM 

in the product portfolio decision process. 

This feedback must be taken seriously and 

considered into the cost scaling equations 

built.  

To answer H3, it can be clearly stated that 

OEMs can benefit from the main component 

cost scaling equations within their product 

portfolio decision process, especially in 

terms of the risk reduction and 

improvement of accuracy in early cost 

estimations as well as the reduction of 

manual effort which is highlighted under 

the conditions that the equations are 

regularly updated and transparent based on 

technology assumptions. 

R: Will offshore wind OEMs’ Product Portfolio 

Management benefit from cost forecast 

equations for turbines’ main components 

within their portfolio decision process? 

The summary of H1 underlined the 

expectations that offshore wind turbines 

will further grow. To this point, there can be 

no limits foreseen neither in terms of the 

rotor’s size and the hub’s height nor in the 

electrical rating. This sets the foundation 

and confirms the need for cost scaling 

equations for offshore wind turbines’ main 

components. Another important basic 

assumption has been confirmed. H2 laid out 

that compared to the OPEX and installation 

costs, the over proportional increase of 

material cost is the main challenge for 
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turbines’ OEMs. From this result, it can be 

deduced that the future focus of turbines’ 

OEMs will shift, with the increasing size of 

the turbines, to the material costs, as the 

spending on materials will directly 

influence their profit margin. Therefore, it is 

important for the cost assumptions in the 

portfolio decision process to be as accurate 

as possible, since wrong baseline cost 

assumptions for the new product could have 

a negative impact on the OEM´s profit 

margin.  

H3 confirms that Product Portfolio 

Management organizations from offshore 

wind turbines’ OEMs can benefit from cost 

forecast equations for turbines’ main 

components. Their availability will improve 

the accuracy of the early cost prediction and 

decrease the manual effort for creating 

them within the portfolio decision process. 

Overall, these equations will reduce risks 

for the OEMs and increase the confidence in 

the baseline cost assumptions within the 

decision process. This could lead, according 

to the experts, to a faster decision-making 

process with the chance to offer new 

products earlier to the customer, which 

would lead to a market advantage compared 

to other turbines’ OEMs. 

However, in order to fulfill these 

expectations, the component forecast 

equations need to be trusted and well 

maintained. The data accuracy must be high 

and constantly up to date, and  their 

technology assumptions must be 

transparent for every user as well. 

 

Conclusion and outlook 

The objective of the present research paper 

was to use a qualitative research design 

with the help of expert interviews to 

investigate the need for offshore wind 

turbines’ main components’ cost scaling 

forecast equations within the product 

portfolio decision process at an OEM. 

Therefore, the conditions for the existence 

of these equations, the growth of future 

turbines and the increasing importance of 

material costs within the product portfolio 

decision process were investigated. Finally, 

the advantages and conditions for these cost 

scaling equations where laid out.  

 

This paper confirmed that the baseline 

assumption of the future growth of offshore 

wind turbines is correct. It was also 

elaborated that the focus on the material 

costs of the turbines’ components will 

increase at the OEMs and that the accuracy 

of the cost prediction must increase for the 

future portfolio decision making.  

 

Till now, the scientific literature has not yet 

investigated the conflict between OEMs and 

their customers in relation to the growing 

size of wind turbines and the unfair split of 

cost savings and additional costs. Therefore, 

further research is recommended in this 

area. In this case, it looks like the offshore 

wind industry is further in its development 

than the literature. One possible 

explanation can be that the offshore wind 

industry is a rather young industry and has 

not been well researched yet. This paper 

contributes to spread awareness of the gap 

in the literature and, at the same time, sets 

the foundation for the formation of cost 

scaling equations for offshore wind 

turbines’ components.  

 

The results and findings of this work should 

be confirmed and further researched as 

recommended through a quantitative 

research with industry wide experts. In this 

further research, the diversity of the group 

of experts can be increased as well. 
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