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Abstract The South African Pebble Bed Modular Reactor (PBMR) project was a world-

leading nuclear energy project aimed at the development and commercial roll-out of a 

Generation IV High Temperature Reactor (HTR). This entailed a number of complex systems, 

viz. the reactor, the power generation plant, spent-fuel handling and fuel. Initially based on a 

German HTR design that was successfully operated in Germany until 1987, the project 

quickly saw the introduction of a number of new and novel ideas. When the South African 

Government withdrew funding of the PBMR project it became obvious that the project was 

less successful than its stakeholders were led to believe. 

This paper is based on a masters research project report (Nkwana 2011) and primarily 

addresses the lesser known, but important, contribution of organizational culture to the PBMR 

project’s failure. The PBMR project had huge organizational culture challenges with human 

resources being drawn from different organisations globally and by implication different 

organizational cultures. This multicultural environment contributed both positively and 

negatively to the project. A research study explored the impact this cultural diversity had on 

the project. The study was conducted using a sample which consisted of present and former 

PBMR employees, Eskom employees who had a client relationship with the PBMR company, 

and a number of international contractors involved in the PBMR project  This paper will show 

that the PBMR culture was ineffective and therefore contributed to the failure of the project. 

The paper also will show that due to a lapse in proper cultural management the multicultural 
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project environment was not properly integrated and therefore resulted into a fragmented 

culture with different subcultures based on nationality, departments and teams.  

 

Introduction 
 

The PBMR project was a complex South African nuclear project that intended to develop and 

market small-scale, high-temperature reactors in South Africa and internationally. The 

original plant design was based on the German HTR-Modul design described by Nickel et al 

(1991), the HTR-Modul design had an output power of some 200 MWt. The PBMR output 

power was changed several times as the project was continuing. According to the SNC 

Lavalin website (2011), a joint venture company MRSLN was awarded a contract for EPCM 

services for the PBMR project in 2005 for phase 1 & 2008 for phase 2. The project was 

mainly sponsored by the South African government with companies such as Westinghouse, 

British Nuclear Fuels plc (later replaced by Westinghouse), Exelon, Industrial Development 

Corporation (IDC) and Eskom also contributing. Although successes of the PBMR project 

included the commissioning of the Heat Transfer Test Facility in Potchefstroom, Helium Test 

Facility at Pelindaba, transfer of fuel technology from Germany, manufacturing of test fuel 

and a large technology development programme that underpinned a very successful human 

capacity development effort, the project overall cannot be deemed as a success. Perhaps an 

early indication that the project was in trouble was evident in the 2009 company annual 

report, (PBMR 2009) that listed as one of the major initiatives for the following year the 

development of a company enterprise architecture, which incidentally would have almost no 

impact on the project’s prospects of success. At the time the project already was under threat 

of having its funding stopped.  

 

Prior to 2008 a number of problems arose which should have been seen as an early warning 

that the project was in trouble. By October 2006 the project was served with a “work-stop 

order” by the National Nuclear Regulator (NNR) with some of the reasons being given that 

the project did not follow required regulatory approval processes prior to placing long-lead 

item manufacturing contracts such as the pressure vessel. It also was evident from meetings 

with the Eskom Client Office that Eskom became increasingly uncomfortable with what was 

loosely termed “arrogance” by some senior managers, engineers and scientists. Recently it 

was claimed that some of the reasons for the project’s demise also included a “lack of desire 

for self-improvement”, “inaction by the project team to correct identified shortcomings”, “ 

design work proceeding without approved requirement specifications”, “unnecessary secrecy 

of design aspects”, “over-reliance on systems engineering as a solution for every problem”, 

and so on, (Iskyan, et al. 2011). Although it is difficult to substantiate and prove these claims 

they do serve as an indicator of a troubled project. 

 

The impression was always maintained through the press, and by ministerial statements, that 

the project is making good headway. Despite these claims, during September 2010, the South 

African government announced that it will discontinue funding of the PBMR project, driven 

mainly by two factors, the lack of a firm customer and the lack of a firm investor or partner, 

(Pressly 2010). The PBMR project was subsequently placed under 'care and maintenance' in 

an effort to safeguard its intellectual property. Only a few employees were retained with the 

majority of the workforce being retrenched.  

 



This paper is the result of research into one aspect of the project’s failure, namely the role of 

organisational culture. This research fully appreciates other well-known reasons for project 

failure such as those briefly mentioned later in figure 1, but for the purposes of this paper 

these are mostly disregarded. These are however the topic of further research. 

Organisational culture in context 
 

A simple definition of culture in the corporate context is “the way we do things around here”, 

(Deal & Kennedy 1982). Literature indicates that a strong link exist between organisational 

culture and project success, (Cleland 1994, Lientz & Rea 1999, Du Plessis & Hoole 2006, 

Rose et al. 2008). Organisational culture has been used to identify certain aspects or values 

about organisations and also to control behaviour in organisations. Hellriegel & Slocum 

(2007) found that people display behavioural traits and values based on life experiences and 

time spent in specific environments such as groups or organisations that they belonged to in 

the past. The integration and alignment of these traits lead to organisational culture or team 

subculture. Senn & Hart (2006) found that new initiatives or projects fail or get lower results 

due to barriers caused by a culture that is neither ready nor conducive for the initiative or 

project. They mention turf issues, resistance to change, lack of bias for action, lack of 

teamwork and lack of customer focus as the barriers that causes these projects or initiatives to 

fail. Senn & Hart (2006) went on to state that the secret to building high performance teams 

lies in organisational culture. High cohesive teams tend to develop a strong culture and are 

loyal, committed and productive but the cohesion can also be a disadvantage if the team goals 

are not aligned with the objectives of the project. In projects where there are diverse 

organisational cultures, there might be a challenge if there are many cohesive teams from 

different organisations. Diversity, trust and change come into the picture and it could be time 

consuming to form a high performing team. Is culture important in projects since they are 

temporary in nature? Can projects be successful without the temporary project team forming 

some sort of culture? Is there such a thing as the right culture for a project? Can this right 

culture contribute towards making a project successful and achieve its objectives?  

There is consensus in literature that a project is temporary in nature, (PMI PMBOK 2004, 

Kerzner 2010, Nicholas & Steyn 2009) but the project manager needs to cultivate a culture 

that will achieve shared values and ultimately have behaviours that enhances the achievement 

of project objectives (Deal & Kennedy 1982, Robbins et al 2009, Schein 2010). Kerzner 

(2009) found that most projects are characterised by multiple organisational cultures and the 

cultures are not always compatible with the culture that the project manager desires (Kerzner  

2009). There is often a lot of change and integration that the project manager needs to do in a 

short period of time. Successful integration can lead to a culture with some form of synergy 

and cohesion amongst organisational personnel which will result in improved performance, 

(Kotter & Heskett 1992, Rose et al 2008). Such cohesion can however also encourage group-

think and suppress individual innovation and creativity in the group, (Schein 2010), and so the 
project manager needs to guard against this. 

Multi-dimensional nature of projects 
 

Success in projects has been traditionally characterised by on-time delivery, within budget 

and performance that is acceptable to the customer (Crawford et al 2008, Kerzner 2009). 

However project management is not just about managing time, quality and scope but it is 

essential for project managers to recognise that projects are affected by technical, cultural, 



political and physical factors (Webb 1996). These factors need to be managed properly by the 

project manager for the project to achieve its objectives. Organisational culture was found by 

Webb (1996) to be the most challenging factor to deal with. The other factor that can 

influence large and complex engineering projects is complexity. Bosch-Rekveldt et al (2011) 

found that cost overrun and time delays are common causes in determining project failure and 

that one of the reasons is the increasing complexity of projects or the underestimation of 

complexity. Complexity can be classified as technological uncertainty and the project scope. 

Technological complexity according to Bosch-Rekveldt et al (2011) is related to the content 

of the project. Traditionally managers would look at the size of the project when judging 

complexity but Bosch-Rekveldt et al (2011) found that complexity is classified in terms of 

content, newness of technology, experience with the technology, the perspective of the 

stakeholders, resource requirements, skills and availability, the number of different project 

management methods and tools, trust in contactor and contract type.  

 

Research on a project’s demise by Van Niekerk (2011) focused on more traditional measures 

of project failure such as “project efficiency”, “product effectiveness” and “project 

management approach”.  Van Niekerk’s work was very much an attempt to use the PBMR 

project as a case study to help define what project success would mean within a complex 

project environment. Importantly he developed an NTCP (Novelty, Technology, Complexity 

and Pace) classification model specifically for the PBMR project, (Van Niekerk 2011), shown 

below. 

 

 
 

Figure 1 NTCP Classification of the PBMR Project (Source: Van Niekerk 2011) 



This model clearly indicates that a complex project such as the PBMR project would require 

substantially more management and engineering attention than would be the case for most 

mega projects.  A quick overview of Van Niekerk’s work, (2011), highlights some important 

omissions in this model. These being the importance of the nuclear regulatory environment, 

public opinion and opposition, uncertainties, lack of knowledge of risks specific to such a 

project, market certainty, etc. Interestingly, many of these were in fact highlighted over a 

number of years by Thomas (2011) whose comments were mostly ignored by both the project 

team and the South African government. The enhancement of the NTCP model is currently 

the topic of further research by the authors. The new work should also provide valuable new 

insights in support of the selection of appropriate project and systems engineering 

management styles and processes for future nuclear projects. 

Research data and method 
The following research data sources were used in by this research study: 
 

 A survey questionnaire to gather primary data 

 Public information published on internet sites about the PBMR project, articles 

published in periodicals and newspapers for secondary data 

 

A questionnaire based on a five point Likert scale was sent out to a random sample consisting 

of current and former PBMR project personnel, Murray & Roberts, SNC Lavalin and Eskom 

employees who worked on the PBMR project. The sampled SNC Lavalin employees were all 

of Canadian nationality and others were mostly South Africans, but included other 

nationalities. The functional groups were from project management, project controls, 

engineering and contract management with 31% of respondents female and 69% male. Of 

these 65% worked for the PBMR Company, 13% for Murray & Roberts, 13% for SNC 

Lavalin and 9% for Eskom. The questionnaire was based adapted from Denison (2006) and 

measured people empowerment and engagement, stability and predictability, customers focus 

and sense of direction and purpose. 

 

The variables that were measured for this research are defined in Table 1. 

 

 

Table 1 Definition of variables (adapted from Denison 2006) 

Variable  Conceptual definition Operational Definition 

1. Involvement People empowerment and engagement  

1.1 Empowerment The degree to which project personnel 

take initiative and have the ability to 

perform tasks to completion 

Task ownership and 

accountability 

1.2 Teamwork The degree to which project personnel 

have a shared purpose and support for 

each other 

Co-operation, 

collaboration and 

support 

1.3Perceived 

Competence 

The degree to which individual 

capability, ability, skill and knowledge is 

perceived 

Perceived skills and  

knowledge 

2. Consistency Stability and predictability  

2.1 Core values The degree to which project personnel 

share common standards of morals and 

ethics 

Discipline to practice 

core values 



Variable  Conceptual definition Operational Definition 

2.2 Agreement The degree to which project personnel 

are able to reach consensus and 

compromise on key issues 

Consensus & 

compromise 

2.3 Co-ordination 

and integration 

The degree to which different disciplines 

and areas in the project are able to 

collaborate in achieving project 

objectives 

Departmental 

collaboration and 

support 

3. Adaptability Flexibility and positive attitude towards 

change 

 

3.1 Creating 

change 

The degree to which project personnel 

are able to adapt to change effectively. 

Flexibility and 

adaptation to change 

3.2 Customer focus The degree to which project personnel 

promptly responds positively towards 

customer requirements 

Response to customer 

requirements/Influence 

of customer 

3.3 Learning The degree to which project personnel 

learn from their mistakes and 

continuously develop their capability 

Skills 

development/learning 

from each other 

4. Mission Project personnel have a sense of 

direction and purpose 

 

4.1 Strategic 

direction & intent 

The degree to which project personnel 

understand the direction that the project 

is undertaking. 

Alignment and buy-in 

4.2Goals & 

Objectives 

The degree to which project goals and 

objectives are defined and clear 

Defined and understood 

objectives 

4.3 Vision The degree to which project personnel 

have a shared outlook of the future 

Common future outlook 

 

Results 
 

Hypothesis Testing 

 

The hypothesis was formulated to determine the effectiveness or ineffectiveness of the PBMR 

culture. In line with common vocabulary an “effective” culture is regarded as one that has a 

positive or beneficial impact on a project’s performance, whereas an “ineffective” culture is 

exactly the opposite. A null and an alternative hypothesis were defined as shown in the table 

below. A mean was selected as a test statistic that will be used to assess the validity of the null 

hypothesis. A mean of four or greater was selected to show an effective culture and a mean of 

less than four for an ineffective culture. The results are shown below. 

 

 

 

 

 

 

 



Table 2 Hypothesis Results 

Statistical hypothesis Expression Interpretation 

H0 : null Hypothesis mean ≥ 4 Effective PBMR project culture  

H1:  alternative Hypothesis mean < 4 Ineffective PBMR project culture 

Parameter Value 

Sample mean - Ẋ 2.96 

Population mean - µ 4 

Confidence level 0.72 

Alpha - α 0.28 

Standard Error - SE 0.036 

Degree of freedom - DF 20 

Test statistic - t -26.88 

P value 0 

 

As shown here the P-value is less than the significant level and therefore the null hypothesis is 

rejected. A t-distribution was used because of the low number of respondents to the 

questionnaire. The higher value of alpha also supports the rejection of the null hypothesis.  

People empowerment and engagement  

 

People empowerment and engagement involves the ability of project personnel to take 

initiative and perform tasks to completion. It also measures perceived skill and capability. The 

data collected showed evidence of missed deadlines due to underestimation of complexity and 

changes in project requirements. Literature lists different causes of non-delivery or delivering 

late in projects as the constant changes in project requirements, overly optimistic cost and 

schedule, differing program practices and lack of field experience, (Graham 2000 ;Yates & 

Eskander 2002). The planning that was done in the PBMR project involved capable people, 

yet the planning did not appear to mean much as targets were mostly not met and the plans 

were reviewed year after year. The project had challenges with meeting target dates and 

performing tasks to completion. The construction start date was moved several times: April 

2007, then May 2007, followed by 2009, then 2010 and eventually 2013 (IAEA 2004, Matzie 

2005, IAEA 2007, PBMR 2009). There was also evidence of scope uncertainty and 

underestimation of technological complexity. This is supported by the several changes in 

PBMR output thermal power (IAEA 2004, IAEA 2007). Thomas (2009) mentioned that there 

were risks in the PBMR technology in terms of core temperature. He also pointed out that the 

overall design of the helium driven gas turbine was problematic to complete. Bosch-Rekveldt 

et al (2011) found that cost overrun and time delays are common causes in determining 

project failure and that one of the reasons for this is the underestimation of project 

complexity.  

 

The sample population was undecided on the competence of PBMR project personnel and 

whether they had the appropriate skills to perform project tasks. The sample however agreed 

that there was investment in skills and it improved the ability to deliver high quality work. In 

one of the survey questionnaires a Chief Nuclear Engineer commented as follows: ”Most 

engineers had no background in nuclear and the pressure of work set by some unrealistic 

goals made it impossible to teach them more than the rudiments. The attitude of the support 

staff was often un-cooperative so I cannot vouch for their work ethic”. The validity of this 



comment has not been tested but it can be argued that there might be some truth in it since 

South Africa has not had a nuclear plant built since the 1980s.  

 

The address made by former Minister of Public Enterprises in parliament (South African 

government information 2010) mentioned that a total of ZAR 9.244 billion was invested in 

the PBMR project. The forecast cost at completion was estimated at more than ZAR 30 

billion (South African government information 2010). The breakdown of the investment was 

as follows: 

 

Table 3 PBMR Project Investors (South African government information 2010) 

Investor Amount invested (ZAR) Percentage of contribution 

South African Government 7.419 billion 80.3% 

Eskom 813.4 million 8.8% 

IDC 452.9 million 4.9% 

Westinghouse 452.9 million 4.9% 

Exelon 101.6 million 1.1% 

Total 9.244 billion  

 

The amount of ZAR 7.419 billion invested by the South African government can serve as an 

indication that the project sponsor was initially committed to the success of the project. 

However over time the South African government became clearly concerned with the 

increasing total cost at completion and the consistent missing of deadlines by the PBMR 

project (South African government information 2010). The South African government’s 

interests were at risk of not being met and this had a negative impact on the commitment of 

the government to the project and possibly also a contributing factor to the decision of 

withdrawal of funding.  

Stability and predictability 

 

The data collected showed that project personnel from different disciplines did not always 

share common view points. It was also not easy to integrate the different disciplines. 

Literature supports the notion that international teams can pose challenges in terms of how 

each organisational culture perceive trust, commitment, success, working together, attitudes to 

time and decision making, (Lynn 1998). The PBMR project consisted of an international team 

consisting of South Africans, Canadians, Americans and many other nationalities. The 

implication of this according to Lynn (1998) is that a team from say three countries working 

together would be expected to create three realities around the project. He recommends that 

projects should involve people interaction to foster a positive cultural integration.  

 

Customers focus 
 
The study focused on the external customer. The data indicates that the project did not 

perform a thorough stakeholder analysis. This is shown by how the project managed 

regulatory affairs. According to the PBMR annual report (2009/2010) the NNR issued a work 

stop order on Eskom relating to PBMR project procurement of long lead items in October 

2006. The PBMR project was viewed as not complying with regulatory guidelines. The work 

stop order was eventually lifted in January 2008 but by then it contributed to major project 



delays and costs. There was consensus by the sample population that Eskom and the NNR 

were not satisfied with project outputs and that project personnel did not understand the 

requirements of the NNR. The sample was undecided on whether comments from Eskom and 

the NNR were considered but agreed that inputs from Eskom and the NNR influenced project 

decisions.  

Sense of direction and purpose  

Complex projects need three critical success factors such as project support from senior 

management, clear and realistic objectives and the development of an efficient plan (Van 

Niekerk & Steyn 2011). Data from this study shows that project personnel believed in the 

project and understood the long term purpose of the project. The strategy of the project, 

however, was not clear to them and the project goals were seen by many as being unrealistic 

and unclear.  This supports the finding that that the project’s vision was not shared by all 

project personnel and that EPCM and PBMR personnel did not agree on project objectives. In 

the main, project personnel did not always understand the direction that the project was taking 

and therefore project goals and objectives remained uncertain. This led to project personnel 

having a fragmented outlook of the project future. This disjointed outlook negatively affected 

co-operation across disciplines and led to the lack of collaboration between EPCM employees 

and PBMR employees as found in the study. It would have been challenging to reach win-win 

agreements or results in time of conflict in such an environment as the data shows that 

consensus was not easily reached and therefore it was hard to find a compromise on key 

issues. Robbins’s Interactionist view on conflict is that such disagreements are positive and 

necessary for a healthy organisation. A project’s organisational culture has to recognise the 

value of conflict, but management has to make sure that such conflict is not dysfunctional as it 

may negatively affect performance. In the PBMR case healthy conflict appeared to be  

dysfunctional because of the low project performance.  

 

The lack of collaboration between internal PBMR departments and also between EPCM and 

PBMR employees shows a fragmented organisational culture which was open to what is 

termed multiple interpretations, (Boisnier & Chatman  2002). A strong organisational culture 

would have largely made project team members understand objectives, increase commitment 

and chances of success, (Deal & Kennedy 1982). The absence of a strong organisational 

culture had an impact on the failure of the project. According to Bligh & Hatch (2011), 

organisational culture and identification are interrelated and that culture provides “symbolic, 

contextualised meanings to the identification process while identification highlights the 

particular aspects of the organisational culture that individuals tune into and relate to their 

own work values and processes”. They found that employees are able to deal with both the 

contradictory and consistent meanings intrinsic in many organisational cultures if they 

identify with some aspect of the organisational culture. The wealth of identifications 

according to Bligh & Hatch (2011) furthermore reconciled the complexity of an 

organisational culture and provides a way for understanding how cultural meanings are 

affected by perceptions of organisational life. A common organisational culture for the PBMR 

would clearly have had a positive impact on the results of the project. 

.  

Conclusion 
 

The PBMR project constantly produced an overly optimistic schedule which was never met. 

The cost of the project also kept on increasing without a significant increase in scope. The 

technological complexity of the PBMR project was initially not well understood and that in 



turn resulted in scope uncertainty. The project seemed to not have done a proper stakeholder 

analysis. This could have helped in understanding the role played by the NNR, Eskom and 

other stakeholders. The project appeared to continue on assumptions until the work stop order 

was issued by the NNR. This was also concluded by researchers such as Thomas (2009 and 

2011).  

 

The sample population agreed in the main that the PBMR project did not have a common and 

strong organisational culture. This study found that the PBMR project organisational culture 

was not effective and contributed to failure of the project. A shared common organisational 

culture would have provided the project with improved organisational stability and proper 

integration of different elements in the project, (Schein 2004). In the absence of a common 

organisational culture, cultural diversity caused dysfunctional conflict and this, in turn, 

negatively affected project performance. After awarding the EPCM services contract, the 

project did not spend sufficient time aligning goals and objectives of the different role players. 

This led to confusion in terms of the role of EPCM versus PBMR personnel. The cultural 

diversity caused by international teams from different organisations was furthermore not 

integrated properly into the project which meant that each subculture perceived trust, 

commitment, success, working together, attitudes to time and decision making differently, 

hence the evidence of disagreements on key issues and ethics found by this study. The 

strengthening of the organisational culture in the project would have, according to McLaurin 

(2006), lessened the negative effects caused by cultural differences. Even though the study 

was not extended to identify the characteristics of different subcultures, there is sufficient 

evidence of the existence of subcultures as shown by the different viewpoints between project 

personnel. The project’s senior managers did not appear to understand this and only towards 

the project’s end made efforts to address this. McLaurin (2006) mentions that common values 

in an organisational culture increase the performance of the workforce.   

 

There were some characteristics of an engineering based organisational culture as defined by 

Schein (2004) identified by this study. Such culture focuses on product development and a 

course of action by being innovative and continually looking for ways of improving the 

products. This culture can be a disadvantage in the absence of proper control by management 

because it usually leads to scope creep which increases expenditure without on-time delivery 

of project outputs. This study also found that there are positives that came out of the failed 

project in terms of nuclear and engineering skills development for South Africa. The former 

Minister of Public Enterprises mentioned that the PBMR programme contributed to the 

retaining nuclear skills in South Africa and also in the development of new skills (South 

African government information 2010).  

 

It was evident that initially the South African government was committed to funding the 

PBMR project. But continual missing of deadlines, increased costs and a lack of a stable 

design probably contributed probably more to the eventual decision by government to close 

the project, rather than the publicly stated reasons of a lack of customer and investors. This 

paper specifically addressed the impact organizational culture had on the project’s demise and 

it is hoped that this will contribute to the wider understanding by project managers and 

systems engineers of the important role this plays in project success. Ironically, during the last 

two years of the project’s existence the company’s management seemed to realise the 

importance of a singular culture within the company and actively initiated a large and rather 

expensive culture-shaping project (PBMR 2009).  
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