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Highlights 

• The working paper aims to present a capability assessment framework and survey 
findings on capabilities in low carbon electrification in Kenya  

• The capability assessment for renewable energy firms and projects is 
operationalized from a theoretical as well as a survey setting and python software 
is utilized to collate and analyse the results.  

• The survey results reveal that the order of predominance of capabilities in low 
carbon electrification firms and projects in Kenya is design and engineering, 
financial and management capabilities, planning and implementation, servicing and 
maintenance as well as supplementary capabilities, respectively. 

• An association between the choice of RE technology and the development and 
distribution of capabilities was also observed. 

 
 
Abstract 
Renewable electrification (RE), particularly improved and sustained access to cleaner 
electricity, remains central in virtually every major developmental agenda in the world 
today. In this regard, Kenya has set a target of achieving universal electricity access by the 
year 2030. Motivated by Kenya’s ambitious target, this working paper focuses on solar, 
wind, small hydro, biogas and geothermal energy projects and firms in Kenya with the 
main goal being to employ a survey framework to analyze renewable electrification 
processes in Kenya. Specifically, the working paper seeks to present the nexus within and 
across the renewable business/project activities and the development of capabilities against 
the outcomes and influencing factors. In addition, the working paper also presents the 
interactions and necessary capabilities for further advancement. The working paper 
clarifies and unpacks the insights from both a theoretical and a survey setting while 
presenting the interactions among the various actors in the RE landscape and highlighting 
the necessary capabilities for further advancement. The working paper is further elaborated 
in separate publications by the authors. The findings presented in this working paper have 
pertinent ramifications on the renewable electrification landscape in Kenya and will inform 
the actors and interventions geared towards enhancing renewable electrification in Kenya. 
 
 
 
Key words: capability framework, renewable energy, electrification, Kenya 
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1. Introduction 
Renewable electrification is widely regarded as one of the key solutions to the threat of 
energy poverty and slow actualization of the sustainable development goals (SDG’s) and 
improved livelihoods in many developing economies. Hence clean energy and particularly 
access to clean electricity remains central in virtually every major developmental agenda 
in the world today. Consequently many national/regional multi-faceted interventions have 
been fronted and continue to receive increased attention (Almeshqab, 2019, Pedersen, 
2016; Zhang, 2016). At the global level, one key intervention in this regard is the United 
Nations led SDG on ensuring access to affordable, reliable, sustainable and modern energy 
for all (Insert UN Ref). However, the goal of providing universal energy access to all by 
2030 requires new innovative initiatives that are economically feasible and sustainable 
(Nzila et al 2012, Flüeler et al 2012) and enhanced capabilities (Rasmus, et al. 2018), which 
are rather quite a challenge (Oshiro et al 2016; Azzuni et al 2018). Nonetheless, this issue 
has received little empirical consideration (Pedersen, 2016; Byrne et al., 2018) hence it is 
not surprising that many developing countries in general continue to consider different 
pathways for enhancing modern energy access .  
 
Kenya has a promising potential for power generation from renewable energy sources 
owing to abundant renewable energy resources such as solar, hydro, wind, biomass and 
geothermal. The main models for enhancing electricity access especially in the rural areas 
in Kenya as well as in most East Africa Community (EAC) states include the creation of 
an enabling environment for renewable energy markets (Byrne et al., 2012) as well as 
capability related interventions especially through rural electrification via the use of mini 
and micro grid infrastructure and the last mile connectivity among others (Almeshqab, 
2019). In the context of this working paper, capability is construed as the competitive 
capacity (in terms of resources, knowledge and skills/competencies) to perform a task 
within a firm or project. In this regard capabilities are generally what makes renewable 
energy (RE) firms or projects (within a country) to perform differently among other 
competing and partnering firms or projects. The variation amongst firms or projects 
performance could be explained by specific differences that arise from different strategic 
capabilities including deployment of strategies, competencies and resources.   
 
The quest for understanding and building capabilities as a concept is quite recent yet the 
practice has been with humans since time immemorial. Studies in this domain have been 
well explored by the so-called industrial revolution or evolution/development with lots of 
emphasis on manufacturing firms. Moreover the concern for Local Capability development 
in the Renewable Energy sector in Developing countries and specifically Sub-Saharan 
Africa is an emerging trend (Lema et al 2017), but gaining much momentum probably 
because of the role RE is expected to play in addressing the United Nation SDG 7 but more 
so bring about Sustainable Industrialization. Studies on Capability have largely been 
domiciled in manufacturing industry with a sharp focus on firm level anlysis. Secondly, 
the debate has been on how to define and measure the concept. Hence this working paper 
seeks to address the question what are the key conceptual perspectives of capability in RE 
studies? The related sub questions include what are the key thematic areas and theoretical 
underpinnings of capability and what are their implications for further research? The 
working paper collates and synthesizes capability literature in an attempt to answer these 
questions. 
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Research on capabilities in renewable energy has therefore continued to evolve via multi-
sectorial analysis (Lindbom, H., et al 2015) as well as the assessment of energy access and 
impact using a variety of models (Cole 2018). Indeed, while capabilities are widely 
perceived to have a potentially greater impact on the sustainability of renewable 
electrification, (Rasmus, et al. 2018, Cole 2018), there is little empirical consideration 
especially from the developing economies perspective. Consequently, there is an ongoing 
debate pertaining to the inadequacy of empirical data on the role of capabilities and their 
outcomes in renewable electrification projects as well as the approach of conducting and 
presenting these assessments (Bird et al., 2013). In addition, there is an apparent lack of 
studies focused on the analysis of capabilities for renewable electrification in emerging 
economies and particularly the East African region where access levels, the urban/rural 
distribution, high use of unclean fuel and abundance of fossil fuels (Nzila 2012) continue 
to present further unique challenges including pricing out of renewables.  
 
The assessment of capabilities in RE projects therefore serves as a basis for decisions 
regarding various enterprise / project activities such as business development measures and 
investments (e.g. technology, training, research and development, policy, etc) as well as 
engagements with other enterprises or organizations. The business / project activities have 
mutual influence on the actual project outcomes. In addition, the overall capabilities, 
decisions, business/project activities and the outcomes collectively and individually 
influence energy access and hence sustainable industrialisation. Consequently, firm level 
capabilities are vital elements for anchorage of sustainable industrialisation. Hence, 
understanding the characteristics of firm level capabilities is critical for sustainable 
industrialisation. In this regard, if renewable electrification in Kenya is analyzed in terms 
of capabilities, there is a higher prospect of identifying the decisions and business/project 
activities that are necessary to enhance energy access in the country. 
 
Towards this end, the goal of this working paper is to review capability literature hence 
develop and operationalize a capability assessment framework to investigate the character 
of capabilities and the associated outcomes among the renewable energy projects in Kenya. 
This goal was actualized through the development and execution of a survey that was built 
around the characteristics (activities) and outcomes of capabilities that are manifested in 
renewable energy firms/projects. The unit of analysis in the survey was renewable energy 
business firms and energy projects in Kenya. The scope of the survey incorporated 
indigenous projects.  
 
The value premise of the working paper is based on both the empirical and results fronts. 
Firstly, the empirical approach employed in the investigation of capabilities in the 
renewable energy sector Kenya is novel and unique to this working paper. Indeed, while 
many researchers have highlighted the importance of investigating RE capabilities, 
very few have articulated a strategy to measure them and actually proceeded to 
systematically measure them empirically as done in this working paper. Secondly, the 
working paper demonstrates empirically that there is a strong association between the 
choice of RE technology and the development hence distribution of capabilities. 
Consequently, the working paper postulates that while the share of solar PV technology in 
Kenya’s energy mix continues to trail other RE technologies such as wind and small hydro, 
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the reported higher development of capabilities in solar PV – RE projects implies that there 
is bound to be an upward trajectory in the share of solar PV in the country’s energy mix. 
In addition, the results reported in the working paper have substantial ramification on the 
sustainability of RE hence industrialization in developing economies.  
 
The structure of the working paper is therefore organised as follows: The current section 
introduces the working paper, presents an overview of capabilities in the context of 
Kenya’s sustained drive towards renewable electrification and then spells out the key 
research questions and hypothesis of the study. Section 2 presents the literature review and 
theoretical framing of capabilities and their frameworks. Section 3 presents the salient 
features of capabilities and implications for research. Section 4 presents the methodology 
for disaggregating capabilities and hence an empirical design for measuring the capabilities 
that was embedded in a survey to assess the capabilities in RE projects/ firms in Kenya. 
Section 5 details and discusses the survey results in terms of general outlook of capabilities 
in RE projects in Kenya prior to presenting a detailed analysis of the five main strands of 
capabilities that were investigated. Section 6 wraps up the conclusions and 
recommendations.  
 
2. Literature review and theoretical framing 
2.1. Overview of Capability, Capacity and Competencies  
The concept of capability has received attention from industry and academics because of 
its importance in yielding desirable outcomes both at individual (micro) level as well as 
collective (meso and macro) level. Its importance notwithstanding, the capability concept 
is riddled with definitional debate besides the apparent confusion between the terms 
competencies, capacity and capability although some writers have attempted to distinguish 
the three. For instance Vincent (2008) defined Competence as the quality or state of being 
functionally adequate or having sufficient knowledge, strength and skill. Competence 
basically refers to an individual’s knowhow or skill. It is usually concerned with knowledge 
content and intensity hence the pertinent questions “Who knows what?” and “How well do 
they know?” Capacity is the power to hold, receive or accommodate. Capacity is generally 
about “amount” or “volume.” The relevant questions related to capacity include “Do we 
have enough?” and “How much is needed?” Capability is a feature, faculty or process that 
can be developed or improved. It is a collaborative process that can be deployed and 
through which individual competences can be applied and exploited. The relevant question 
for capability is not “who knows how?” but “How can we get done what we need to get 
done?” and “How easily is it to access, deploy or apply the competencies we need?” 
 
2.2. Capability conceptual frameworks  
2.2.1. Technology Capability Frameworks 
The technology capability framework can be traced back to Fransman and King (1987) 
who argued that it involves the following activities: search, selection, dominating, 
adapting, developing and conducting research. The main technology capability 
frameworks (Table 1) include those advanced by Lall (1992), Amsden (2001) and Bell 
(2007). This section therefore outlines these key frameworks that have continued to define 
the technology capability landscape. 
 
Table 1: Main technology capability frameworks 
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One of the most cited contributors of the concept of technological capabilities is Lall (1992) 
who, drawing from evolutionary theories, suggested a two-tier framework for analysis 
namely the firm level and national level. Under the firm level analysis Lall defined the firm 
technological capability (FTC) using investment and productions functional approach thus 
advancing three types of capability viz; Investment capability, Production capability and 
Learning capability. He further categorized them into three levels which are basic, 
intermediate and advanced. Basic capabilities are related to investment and project 
execution decisions; intermediary capabilities concerns production aspects such as product 
design and improvement of production system whereas advanced capability concerns with 
how the firm connects to the economy and relates with other firms concerning supplies, 
exchange of information and sale of final product. At National level Lall suggested that 
capabilities can be grouped under three categories viz Physical investment (plant and 
equipment), Human Capital (skills and attitudes created through formal education/training 
and on the job training) and technological effort (production design, expenditure in R&D, 
innovations/patents). Technological effort can be both domestic/local or foreign (acquired 
through transfer) 
 
The Amsden TC framework (Amsden, 2001) further groups Technological capabilities into 
three i) Production capabilities (the skills needed to transform inputs into outputs), ii) 
Project execution   or   implementation   capabilities   (the   skills   needed   to expand 
capacity); and iii) Innovation or R&D capabilities (the skills needed to design entirely new 
products and processes. On the contrast, the Bell TC Framework (Bell, 2007) advanced the 
earlier work (Bell and Pavit 1995) and collapsed the three levels of technology capabilities 
into two dimension of - operation production capability and innovation capability. 
 
2.2.2. Innovative Capability frameworks 
The concept of innovative capability has been regarded as a sub component of technology 
capability. However recent work by Bell (2009, 2012) defines it as the capability to create 
new configurations of product and process technology and to implement changes and 
improvements to technologies already in use. The hierarchy of innovative capability falls 
under four levels namely basic, incremental/intermediate, advanced and world leading.  
 
2.2.3. Social Capability Framework 
The social capability framework is an emerging thinking in development studies advanced 
by scholars who are explaining the ‘catching up’ or the theory of convergence. The key 
tenet is that developing economies have higher growth opportunities since they can tap into 
the advantage of backwardness through access to technology and knowhow. Different 
definitions of the social capability framework have emerged in literature.  Abromovitz 
(1986) defined Social capability in three dimensions namely: managerial and technical 
competence, markets and institutions that are able to mobilize capital on large scale, stable 
and effective government and widespread trust and honesty in the population. Anderson 
and Palacio (2017) defined Social capability as the incentive structures that promote 

TC Framework TC Categorization  Level of analysis Reference 
Lall  basic, intermediate and advanced Firm / National Lall 1992 
Amsden Production, project execution and innovation Firm Amsden 2001 
Bell Operation / production and innovation Hierarchical Bell 2007 
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innovation and investment and the ability to respond to those incentives. This may include 
components of educational levels, quality of institutions, state capacity and social unity. 
Anderson and Johnson (2015) definition of social capability framework includes the issue 
of social inclusion, social energy systems as well as social entrepreneurship. 
 
2.2.4. Entrepreneurial Capability Frameworks 
According to Mosakowski (1998), entrepreneurial capabilities could be defined in terms of 
an entrepreneur’s or an entrepreneurial firm’s ability to act with foresight, creative 
behavior, intuition, heuristics activity, being alert to new opportunities and to develop the 
resources foundation required to start and/or develop a new venture. This definition 
considers the aspects of cognitively viewing entrepreneurship from the individual level of 
analysis as well as objectively observing the entrepreneur as one fulfilling an economic 
function. On the contrary, Zahra (2011) defines entrepreneurial capabilities (EC) as the 
ability to perceive, choose, shape and synchronize internal and external conditions for 
exploration and exploitation by the enterprises. In this context, exploration includes 
recognition, discovery and creation while exploitation means developing opportunities. 
Zahra (2011) also highlights three characteristics of EC as a useful concept to advance, 
namely (i) EC is characterized by interplay of entrepreneurs’ abilities of envisioning and 
mobilizing action; (ii) EC is located at the intersection of cognition and action implying 
that it emerges and develops from certain actions that entrepreneurs take to reconfigure 
conditions within or outside the organization; (iii) EC consists of both exploration and 
opportunities exploitation so it could synchronize and shape emergent conditions on both 
internal and external aspects of the firm. It is therefore apparent that both Mosakowski and 
Zahra (Mosakowski, 1998; Zahra 2011) approaches on EC frameworks converge with 
respect to promoting the cognitive and objectivity functions. 
 
2.2.5. Strategic and Dynamic Capability Frameworks  
Strategic capability frameworks have largely centered on the large firm level analysis. 
According to Day (1994) strategic capabilities are complex bundles of skills and 
accumulated knowledge, exercised through organizational processes that enable firms to 
coordinate activities and make use of their assets. Capabilities are manifested in such 
typical business activities as order fulfillment, new product development, and service 
delivery. A plethora of definitions of different capability constructs have also emerged as 
outlined by several authors (Helfat, 1997; Teece et al., 1997; Eisenhardt and Martin, 2000; 
Griffith and Harvey, 2001; Zollo and Winter, 2002; and Lee et al., 2002). It is therefore 
clear from these writers that the concept has been given different shades of meaning 
ranging from ability of the firm to do something, pre-emptive (reconfiguration of) 
competencies, evolution and dynamism as well as source of competitive advantage.  
 
In defining Strategic capabilities for instance, Desarbo et al., (2005, 2007) highlights five 
major dimensions of firm capabilities which are:  i) Market linking capabilities (market 
sensing and linking outside the organization; ii) Technological capabilities (capabilities 
relating to process efficiency, cost reduction, consistency in delivery, and 
competitiveness); iii) Marketing capabilities  (firm’s knowledge of customers and 
competitors, integration of marketing activities, skills in segmentation and targeting, and 
effectiveness of pricing and advertising programs); iv) Information technology capabilities 
(creation of  technical and market knowledge and facilitate communication flow across 
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functional areas) and v) Management capabilities (abilities to integrate logistics systems, 
control costs, manage financial and human resources, forecast revenues, and manage 
marketing planning). Winter (2003) on the other hand defines organizational capabilities 
as high-level routines that are learned, patterned, deliberate and repeated. He argues that a 
firm’s interrelated system of capabilities determines how well it transforms inputs into 
outputs based on a three-part hierarchical structure (table 2) namely zero order, first order 
and second order.  
 
Table 2: Summary of hierarchy of ambidexterity and capabilities  

Hierarchy of 
ambidexterity 

Focus  Form Mechanisms and 
capabilities 

References 

Zero order Executing a strategy that involves 
simultaneous exploitation and exploration  

State Structural Contextual 
Leadership 

Tushman and 
O’Reilly, 1996; 
Gibson and 
Birkinshaw, 2004 

First order Dynamically shifting strategic content (ratio 
of exploitation and exploration) and the 
organizational context needed to support the 
new strategy  

Process Sensing, Seizing, 
Reconfiguring 

Teece, 2007 

Second order Dynamically shifting the dominant logic to 
adapt top management thinking, behavior, 
and processes to orchestrate an 
ambidextrous organizational system 

Logic Cognitive complexity, 
Behavioral 
complexity, Process 
complexity 

Collis, 1994; 
Winter, 2003 

Authors’ illustration adopted from Winter, (2003) 
 
The Zero order are ordinary capabilities that enable a firm to “make a living” in an 
equilibrium state in which they produce the same goods for the same market at the same 
scale. They relate to routines, enabling a firm to operate at equilibrium (Winter, 2003) 
hence allow the firm to manage the opposing forces of exploration and exploitation at a 
similar state of strategic equilibrium. It is therefore the capability to initiate and maintain a 
state of ambidexterity regardless of its form (simultaneous, sequential, vacillating, etc.). 
The prevailing conception of ambidexterity is as this state of being in which the 
organization effectively explores and exploits (Winter, 2003). They are antecedents that 
enable and support the state of organizational ambidexterity involving structural, 
contextual and leadership mechanisms (Raisch and Birkinshaw, 2008). 
 
The skills and processes through which top managers allocate and orchestrate resources for 
exploration and exploitation are critical to foster positive integration (Smith, 2009). It is 
through a variety of such micro and macro actions by top management that structures, 
systems and cultural contexts for ambidexterity are maintained (Gibson and Birkinshaw, 
2004). It involves organizational and leadership capabilities that create, manage and sustain 
these hard and soft tools for sustaining an ambidextrous state through learning and repeated 
use, these routines become tacit, organizationally embedded core capabilities (Leonard-
Barton, 1992; Tushman et al., 1997).  
 
First order capabilities are anticipatory and reactive managerial routines for sensing when 
to change, seizing on change and reconfiguring the firm’s asset base for a new orientation 
(Teece, 2007). To adjust the equilibrium state in response to environmental changes, firms 
rely on first-order, or dynamic, capabilities which allows for reconfiguring the mechanisms 
of zero-order ambidexterity through cycles of continuous, incremental realignments of the 
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firm’s strategic focus or in response to abrupt environmental disruptions. Due to these 
environmental shifts, firms likely move along a continuum between poles of exploitation 
and exploration and thus operate over time under different levels of emphasis on each 
orientation (Gupta et al., 2006; Lavie et al., 2010). To maintain strategic fit with evolving 
conditions, firms must change their emphases of exploration and exploitation (Burgelman 
and Grove, 2007; Drazin and Van de Ven, 1985; Randolph and Dess, 1984). 
 
This first-order adaptive form of ambidexterity, in sum, involves a process to reconfigure 
the resource allocations between exploitation and exploration to realign strategic focus; 
and to reconfigure features of the internal context to support the changed nature of the 
strategic content. To reconfigure their organizations for success during a period of ferment 
and change, leaders need more than dynamic capabilities. They need to alter their logics, 
schema and behaviors (Tushman et al., 1997). Adjusting structures, contexts, resource 
allocations, strategic emphases and even cultural variables requires a complex array of 
leadership capabilities (Hooijberg et al., 1997). Complex and often contradictory cognitive 
and behavioral capabilities (Eggers and Kaplan, 2009; Kaplan, 2011) must be bent, shaped 
and simultaneously employed to enable first-order ambidexterity to reconfigure zero-order 
ambidexterity mechanisms. 
 
The second or higher-order capabilities refer to the abilities of leaders to have foresight 
and to orchestrate strategic change proactively (Collis, 1994; Winter, 2003). The existence 
and value of these higher-order capabilities can be debated based on the criteria that 
capabilities be routinized and patterned phenomena and not ad hoc problem-solving 
activities (Winter, 2003). On the other hand, when competing in dynamic environments, 
superior higher-order capabilities that confer flexibility and foresight advantages may have 
greater value than lower-level capabilities (Collis, 1994). Disequilibrium triggers may be 
quite infrequent suggesting that ad hoc problem-solving may be more effective than 
routinized capabilities for navigating such periods (Winter, 2003). Prior successes, 
however, can foster cognitive inertia (Hodgkinson, 1997; Tripsas and Gavetti, 
2000;Tushman et al., 1997). If management is dependent on those mental models so useful 
in the prior competitive environment, they may fail to notice and accurately interpret 
environmental change (Hodgkinson, 1997). This suggests a need for higher-order 
capabilities that promote cognitive and behavioral flexibility in how top management scans 
and interprets their environment. Further, leaders must be able to orchestrate 
reconfigurations of resources and capabilities across differing states of ambidexterity (Lin 
and McDonough, 2011), and to do so, they must avoid inertia in their thinking and 
behaviors. 
 
Leaders cannot wait for the disequilibrium event to develop or acquire the capabilities. 
Through learned and routinized practices (i.e. capabilities), management can maximize 
their readiness for such events and increase the probability for success in proactively 
addressing change (Tushman et al., 1997). Through capabilities for cognitive, behavioral 
and process complexity, the leadership team can enable second-order capabilities 
conferring superior competitive advantages in learning, flexibility and speed of 
realignment (Collis, 1994).  
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The fact that they must continuously maneuver between leading the firm on zero-order 
ambidexterity, alterations via first-order ambidexterity and maintain readiness for even 
greater complexity of change suggests that second-order ambidexterity is necessary to 
excel under such complexity. Leaders need a “cognitively sophisticated and disciplined 
approach” to guard against rigidities in their own biases, schemas, behavioral patterns and 
process leadership styles (Teece, 2007). Ad hoc problem-solving (Winter, 2003) will likely 
be too slow or unprepared for such complex realignments. This second-order form of 
ambidexterity, a more cognitive and strategic level of capabilities, describes the notion of 
a higher-order, meta capability (Collis, 1994). 
 
Second-order ambidexterity is a style of flexible and adaptive strategic management that 
facilitates the necessary organizational context suitable for any operational content (i.e. any 
functional state of ambidexterity). Behavior must align and support a variety of 
organizational contexts as the nature of the exploration-exploitation balance shifts with 
changes in the strategic content. Although first-order ambidexterity reconfigures resources 
and organizational context to support a changed state of ambidexterity (zero-order 
equilibrium), second-order ambidexterity enables a flexible DL that can orchestrate zero-
order ambidexterity for the current state, alter it for incremental shifts via first-order 
ambidexterity and proactively realign the entire organization to address discontinuous 
change. The behaviors demanded by these variations are often simultaneously 
contradictory. Second-order ambidexterity, therefore, requires a repertoire of paradoxical 
top management behaviors. 
 
2.3. Theoretical foundations of Capability  
The theoretical foundations of capability concept include but not limited to human capital 
global value chains, innovations systems theory, capability approach, resource based and 
dynamic capability and entrepreneurial view. 
 
2.3.1. Human Capital Theory 
Capability is integration of knowledge, skills, personal qualities and understanding used 
appropriately and effectively - not just in familiar and highly focused specialist contexts 
but also in response to new and changing circumstances. The human capital theory 
therefore views capability as an all-round human quality observable in purposive and 
sensible action (Weaver, 1994). Capability can be observed when we see people with 
justified confidence in their ability to take effective and appropriate action; explain what 
they are about; live and work effectively with others; and continue to learn from their 
experiences as individuals and in association with others, in a diverse and changing society. 
(Stephenson, 1992) 
 
The term human capital theory (Schultz, 1961) proposed that human capital consisted of 
the knowledge, skills and abilities of the people employed in an organization. The Shultz’s 
initial definition of human capital is both concise and somewhat limited since it does not 
take into consideration the concept of ‘value’ and the importance of ‘investment’ in Human 
Capital. Consequently, Becker (1993) later on defined human capital as the knowledge, 
information, ideas, skills, and health of individuals. Becker’s definition is also limited 
although it adds an extra dimension in terms of the ‘health of individuals’. Indeed, the 
health and well being of individuals is an important factor in contemporary research that 
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relates to the contextual development of human capital within organizations. In this 
connection, Bontis et al (1999) defines human capital as ‘the human factor in the 
organization; the combined intelligence, skills and expertise that gives the organization its 
distinctive character. The human elements of the organization are those that are capable of 
learning, changing, innovating and providing the creative thrust which if properly 
motivated can ensure the long-term survival of the organization’. Bontis et al (1999) 
highlight the importance of innovation, change and creativity and its role in Human Capital. 
Moreover, the definition emphasizes the role of motivation in leveraging these capacities. 
The approach by Bontis et al (1999) acknowledges the importance of ‘distinctive character’ 
and alludes to the outcome of business sustainability by referring to the ‘long-term survival 
of the organization’.  
 
Human Capital theory suggests that individuals who invest in education and training will 
increase their skill level and be more productive than those less skilled, and so can justify 
higher earnings as a result of their investment in Human Capital. As Becker (1993) 
suggests, schooling raises earnings and productivity mainly by providing knowledge, skills 
and a way of analyzing problems’. Moreover, Becker’s ideas play an important role in 
contemporary employee development and learning literature, as Human Capital theory 
fuels the idea that employees’ knowledge and skills can be developed through investment 
in education or training, that is, learning (Grant 1996a, Hatch and Dyer 2004).   
 
2.3.2. Capability approach 
The capability approach as advanced by Sen (1980) is a broad normative framework for 
the evaluation of individual well-being and social arrangements, the design of policies and 
proposals about social change in society. The core characteristic of the capability approach 
is its focus on what people are effectively able to do and to be, that is, on their capabilities. 
This contrasts with philosophical approaches that concentrate on people’s happiness or 
fulfillment of desire, or on theoretical and practical approaches that concentrate on income, 
expenditures, consumption or fulfillment of basic needs. A focus on people’s capabilities 
in the choice of development policies makes a profound theoretical difference, and leads 
to quite different policies compared to neo-liberalism and utilitarian policy prescriptions. 
The capability approach is used in a wide range of fields, most prominently in development 
thinking, welfare economics, social policy and political philosophy. It can be used to 
evaluate a wide variety of aspects of people’s well-being, such as individual well-being, 
inequality and poverty. It can also be used as an alternative evaluative tool for social cost-
benefit analysis, or to design and evaluate policies, ranging from welfare state design in 
affluent societies, to development policies by governments and non-governmental 
organizations (NGOs) in developing countries. In academia, it is being discussed in quite 
abstract and philosophical terms, but also used for applied and empirical studies. In 
development policy circles, it has provided the foundations of the human development 
paradigm (Fukuda-Parr 2003; Fukuda-Parr and Kumar 2003).    
 
2.3.3. Resource Based View, Dynamic Capability and Entrepreneurial view 
The Resource based theory (RBV) aspires to explain the internal sources of a firm's 
sustained competitive advantage (SCA). Its central proposition is that if a firm is to achieve 
a state of sustained competitive advantage (SCA), it must acquire and control valuable, 
rare, inimitable, and non-substitutable (VRIN) resources and capabilities, plus have the 
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organization in place that can absorb and apply them (Kraaijenbrink et al., 2009; Barney, 
1991a, 1994, 2002). The RBV was originally developed by Wemerfelt (1984), who 
believed that corporate advantages come from quantity, quality, and frequency of use of 
internal resources, instead of from the external environment. The RBV of firms mainly 
emphasizes their internal strengths and weaknesses, in contrast to industrial organization, 
which focuses on firms' external opportunities and threats (Grant, 1991; Foss and Eriksen 
1995). 
 
According to Day (1994), assets are the resource endowments the business has 
accumulated (e.g., investments in the scale, scope, and efficiency of facilities and systems, 
brand equity, and the consequences of the location of activities for factor costs and 
government support); and capabilities are the glue that brings these assets together and 
enables them to be deployed advantageously. Capabilities differ from assets in that they 
cannot be given a monetary value, as can tangible plant and equipment, and are so deeply 
embedded in the organizational routines and practices that they cannot be traded or imitated 
(Dierkx and Cool 1989). The RBV theory focuses on resources that are stable and enduring 
sources of advantage (Barney, 1994). RBV emphasizes firm with idiosyncratic resources 
that are owned or controlled by the firm showing that capabilities of deploying resources 
make firms heterogeneous in nature and that is why RBV is considered a useful tool for 
corporate strategy formulation (Fahy and Smithee, 1999).  
 
Early work by Penrose (1959) that greatly influenced the RBV argued that managers who 
strategically deploy capabilities, and add capabilities to the existing capability base that 
best allow the SBU to implement its growth plans, will be rewarded with higher growth 
rates and performance levels. Penrose with this investigation discovered the role that 
resources play in the organization for example, a single asset, a source of wealth, not creates 
a competitive advantage, but the services that the organization provides resource assets, as 
a result, provides a competitive advantage. The RBV defines capabilities as bundles of 
skills and knowledge that allow SBUs to make best use of the assets they possess and to 
efficiently coordinate their activities (Day, 1990). SBU-specific capabilities are deeply 
rooted in the SBU’s routines and practices and therefore are usually difficult for 
competitors to imitate (Dierckx and Cool 1989). 
 
The (dynamic) capabilities framework is an entrepreneurial approach that emphasizes the 
importance of (signature) business processes, both inside the firm and also in linking the 
firm to external partners. It also recognizes the importance of critical resources and good 
strategy, therefore, dynamic capabilities coupled with good strategy are seen as necessary 
to sustain superior enterprise performance, especially in fast-moving global environments 
(Teece, 2014).  
 
Entrepreneurial companies create, define, discover, and exploit opportunities – frequently 
well ahead of their rivals (Hamel and Prahalad, 1994; Miller, 1983; Sathe, 2003). While 
debate persists about the correlates of the processes associated with opportunity creation, 
discovery and successful exploitation (Davidsson, 2004), most scholars readily 
acknowledge the importance of these processes in generating value for firms and their 
owners. The literature shows that established companies benefit from having dynamic 
capabilities in crafting new business and corporate strategies (Bowman and Ambrosini, 
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2003); entering new market arenas (King and Tucci, 2002); completing successful mergers; 
learning new skills (Bowman and Ambrosini 2003; Zollo and Winter, 2002); overcoming 
inertia (King and Tucci, 2002; Repenning and Sterman, 2002); leveraging their other 
resources (Bowman and Ambrosini, 2003); introducing innovative programmes that 
stimulate strategic change (Repenning and Sterman, 2002); and successfully 
commercializing new technologies generated within their R&D units (Marsh and Stock, 
2003). These activities increase organizational agility and market responsiveness (Zahra 
and George, 2002b). 
 
 
3 Salient features of the capability concept and the implication for research 
3.1 Capability Concept as a Multidimensional  
One strand of the conceptual debate is the contention that Capability concept is typified 
along certain dimensions. In defining Strategic capabilities for instance, Desarbo et al., 
(2005, 2007) highlights five major dimensions of firm capabilities which are:  i) Market 
linking capabilities (market sensing and linking outside the organization; ii) Technological 
capabilities (capabilities relating to process efficiency, cost reduction, consistency in 
delivery, and competitiveness); iii) Marketing capabilities (firm’s knowledge of customers 
and competitors, integration of marketing activities, skills in segmentation and targeting, 
and effectiveness of pricing and advertising programs); iv) Information technology 
capabilities (creation of technical and market knowledge and facilitate communication 
flow across functional areas) and v) Management capabilities (abilities to integrate logistics 
systems, control costs, manage financial and human resources, forecast revenues, and 
manage marketing planning). 
 
On the other hand, Wang and Ahmed (2007) decomposed the concept of Dynamic 
capabilities into three key dimensions namely i) Absorptive capability (ability to recognize 
the value of new, external information, assimilate it and apply for commercial use, that is 
acquisition, assimilation, transformation and exploitation process of knowledge 
management) ii) Adaptive capability (inherent flexibility  of resources and the flexibility 
to in applying the resources) and iii) Innovative capability (developing new products, 
processes and markets) 
 
3.2  Capability Concept   linked to Unique Resources and Competencies 
The Resource based view (RBV) scholars (Barney, 2006) have argued that capabilities are 
linked to the unique and superior resources and competencies that enhance the life and 
competitiveness of a firm. Notions like Value, Rarity, Inimitability, Non-substitutability 
(VRIN), Core competences and distinctive capabilities are commonly used to profile these 
unique resources that could give rise to long-term survival of a firm. Core Competencies 
and Distinctive capabilities (DC) are parts of strategic orientation concept advanced by 
Prahalad & Hamel (1990) that refers to the unique skills and activities a firm owned to be 
ahead of others and fulfills valuable, rare, inimitable and organized resources. Distinctive 
capabilities constitute firm’s integrated bundle of skills and technologies, which are unique 
with knowledge driven and behavioral routines contributing to competitive advantage 
Rajwinder et al., (2010) showing that distinctive competencies developed through 
entrepreneurial process such as opportunity recognition, creative process and innovation. 
They are robust and can be used in different ways to speed the firm's adaption to 
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environmental change (Boynton and Victor 1991; Prahalad and Hamel 1990) and serve as 
a source of competitive advantage and also accounts for the durability of these advantages 
(Amit and Schoemaker 1993; Peteraf, 1993). 
 
Distinctive competencies help a firm stand out in its markets when its competencies are 
superior to its competitors (Prahalad and Hamel 1990). The durability of capabilities-based 
advantages stems from their scarcity, relative immobility, either because they cannot be 
traded or are much more valuable, where they are currently employed than they would be 
elsewhere and the difficulty that competitors face in understanding and imitating them 
(Reed and De Fillippi 1990); capabilities that support a market position that is valuable and 
difficult to match hence must be managed with special care through the focused 
commitment of resources, assignment of dedicated people, and continued efforts to learn, 
supported by dramatic goals for improvement (Prahalad and Hamel 1990). The most 
defensible test of the distinctiveness of a capability is whether it makes a disproportionate 
contribution to the provision of superior customer value-as defined from the customer's 
perspective-or permits the business to deliver value to customers in an appreciably more 
cost-effective way (Prahalad and Hamel 1990). 
 
3.3 Capabilities as Developed, Deployed and Embedded 
There is an increasing argument in literature that, capabilities are dynamic thus built 
(developed) rather than bought in the market (Makadok, 2001). They are organizational 
processes in the most general sense (Helfat et al., 2007) or routines (Zollo & Winter, 2002) 
which may have become embedded in the firm over time, and are employed to reconfigure 
the firm‘s resource base by deleting decaying resources or recombining old resources in 
new ways (Simon & Hitt, 2003). This means that dynamic capabilities are viewed to be 
essentially path dependent (Dierickx & Cool, 1989), as they are shaped by the decisions 
the firm has made throughout its history, and the stock of assets that it holds (Eisenhardt & 
Martin, 2000; Zollo & Winter, 2002).  
 
Hafeez et al., (2002) posits that capabilities are formed through the coordination and 
integration of activities and processes, and are the product of the collective learning of 
individual assets. It is the ability to make use of resources to perform some task or activity 
with the core competence or core capability as the firm specific knowledge system that 
exerts competitive advantage, which may pertain to a knowledge base, a technological 
system, a managerial system, and/or a norm and value system (Leonard Barton 1992). 
Thus, Capabilities are characterized by significant barriers to duplication, whether these 
are in the tacitness inherent in the skills of individuals or groups or in the complexity and 
specificity of organizational routines 
 
3.4 Capability as an antecedent to some ‘desirable outcome’  
Most scholars perceive Capability as an antecedent to some outcomes or desirable ends. 
This normative thinking is probably the single most reason why it has generated lots of 
contribution to the concept in an attempt to fully understand it and thus reap the benefits it 
accrues. Some of the outcomes of leveraging on Capability include improved individual 
job performance and career growth, development of new products thus market growth, 
improved firm performance and growth and a generally higher quality of life for humanity 
 



IREK PROJECT WORKING PAPER NO. 9, APRIL 2020 
 

 14 

3.5 Capability as Observed at various level of actor/agent analysis 
Concept of capability is usually observed at various actor levels.  At Individual level, one 
can observe employees knowledge, skills and attitude and relate to employee performance 
(Nieves & Haller, 2014). Some have also observed the element of employee creativity and 
innovative work behavior and its relation to idea generation and implementation (Birdi et 
al., 2016). At group level, the main concerns are how the actors bond and exploit their 
networking capability. Researchers who study Organizational Capability will observe a 
firms strategic orientation towards exploiting its strategic capabilities so as to gain superior 
performance (sustained competitive advantage (Desarbo et al 2005). In this case the 
managers, investors and those involved in corporate governance become the key units of 
observation. At a wider societal level scholars in development studies are usually interested 
in the attainment of the welfare and freedoms of the members of a given constituents and 
thus the agents of development such as the government, Non-governmental organizations, 
and role of development. A broader stakeholder approach may therefore suffice that 
includes the suppliers and consumers. 
 
3.6 Operationalization of framework for capability indicators 
Analysis of capabilities in a business or project can be done using a framework that 
disaggregates the main typologies of capabilities essential for renewable electrification. An 
analytical operationalization (Reichert et al. 2011, Panda 1996 and Lall 1992) of such 
framework yields four main dimensions namely financial, structural (management), 
operational (technical) as well as personnel and supplementary capabilities (Table 2).  
 
Besides financial and engineering capabilities, the development of local technical 
capability to plan, execute (construct, commission and operate) and sustain projects 
(maintain the generation and improve service quality) is the key for the realisation of 
sustainable and enhanced energy access. This chapter therefore employs the project 
lifecycle perspective and the dimensions of capabilities that are summarised in table 2 to 
analyse capabilities in the renewable energy firms and projects. The effective and accurate 
analysis of the different aspects of capabilities from the project lifecycle view point has 
been linked to monumental bearing in the assessment of renewable electrification projects 
(Ye 2019). However, besides financial and strategic capabilities, the development of local 
technical capability to plan, execute (construct, commission and operate) and sustain 
energy projects (maintain the generation and improve service quality) is the key for the 
realisation of sustainable and enhanced energy access.  
Table 2: Analytical operationalization summary of the dimensions of capabilities 
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3. Methodology and rationale for the assessment of capabilities  
3.1. Measurement and indicators of capabilities 
The procedure for the assessment of capabilities for renewable electrification in Kenya as 
covered in this study entailed: 

• Analysis of renewable electrification related operations undertaken within a project 
or enterprise and the identification of the ability and knowhow necessary to 
perform the operations. 

• Development of a set of indicators for assessing the operations with respect to 
capabilities, outcomes and influencing factors. 

• Analysis of extend to which the capabilities are deployed within the 
project/enterprise, their outcomes and influencing factors. 

The specific categories of capabilities that were investigated included financial and 
management, design and engineering, project implementation, servicing and maintenance 
as well as supplementary capabilities. 
 

i. Financial and management capability. 
The assessment of financial and management capability entailed the evaluation of financial 
acquisition and management as well as strategic management and steering. The specific 
capability elements that were assessed in this case included the capability to identify, 
assess, negotiate and finalize terms of financing; deploy integrated financial systems; 
develop and implement strategic plan for the organization; create new organizational 
structures; plan, monitor and control research and development (R&D) projects; as well as 
make strategic decisions, implement and integrate the organization activities. The key 
indicators that were evaluated included the level of independence with respect to the 
respective capabilities. 
 

ii. Design and engineering capability. 
The evaluation of design and engineering capability involved the assessment of the 
capability to: undertake routine design & detail engineering of process; adapt both 
internally and externally acquired technologies; duplicate internally/externally acquired 

Dimension Activities Elements 
Financial and management 
capability 

• Financial acquisition and management 
• Strategic management and steering 

• Identification, assessment, negotiation and 
finalization of terms. 

• Development and implementation of strategic plans, 
organizational structures, monitoring and evaluation. 

Operational (Technical 
/design and engineering) 
capability 

• Planning and execution activities 
(Design and engineering, construction 
and technology acquisition).  

• Project evaluation, procurement, support, process 
improvements, planning, monitoring & control 

Implementation capability • Implementation activities (feasibility 
studies, performance of civil works, 
erection and commissioning) Planning, 
monitoring and controlling processes,  

• Quality assurance, inspection and 
inventory control 

• Planning, monitoring and coordination of project 
implementation activities. 

Servicing and maintenance 
capability 

• Project sustenance, servicing and 
maintenance activities 

• Carrying out maintenance, planning, monitoring and 
coordinating service activities 

Personnel and supplementary 
capability 

• General acquisition (procurement, 
consumables and human resource) 

• Planning, monitoring and coordination of acquisition 
processes (consumables, human resource, etc) 



IREK PROJECT WORKING PAPER NO. 9, APRIL 2020 
 

 16 

technologies; identify, assess, negotiate and finalize the terms of the technology to be 
acquired; identify, assess, negotiate and finalize the terms of acquiring raw materials, 
supporting facilities, spare parts and consumables; undertake process/product 
improvements and development of new ones; plan, monitor and control design, engineering 
& contract activities. The specific indicators that were evaluated included: 

• Total number of detail engineering studies completed in the last 5 years 
• Level of independence in carrying out detail engineering studies  
• Cost overrun as a % of budgeted project cost due to lapses in detail engineering 
• Cost of technology adaptation as a % of the cost of technology acquired internally 

as well as externally 
• Total number of internally and externally acquired technologies duplicated in the 

last 5 years 
• Level of independence when duplicating internally and externally acquired 

technologies 
• Cost of reverse engineering activities as a % of cost of technologies purchased 
• % of major contracts for which technology acquisition activities were performed 

without any external assistance during the last 5 years 
• % of major contracts for which technology acquisition activities for  raw materials, 

supporting facilities, spare parts and consumables were performed without any 
external assistance during the last 5 years 

• Total number of new or significantly improved product/goods 
• Level of independence in the development of significantly improved 

product/goods/services 
• Total number of new or significantly improved services accomplished  
• % of research contracted to outside agencies out of the total projects undertaken 
• Total number of new process, technology or design accomplished  
• Time overrun during detail engineering as a % of the scheduled time 

 
iii. Project implementation capability. 

The assessment of project implementation capability involved the evaluation of the 
capability to: support project feasibility studies, parameter estimation, value engineering, 
site engineering (in terms of technical, economic, financial, environmental and social 
aspects); perform civil works; erect and commission equipment; plan, monitor and control 
construction, erection and commissioning activities; effectively utilize and control the 
conversion technologies and auxiliary processes; undertake quality assurance, inspection 
and inventory control. In this regard, the specific indicators that were employed for the 
evaluation of project implementation capability elements included: 

• Total number of feasibility studies of projects completed during the last 5 years 
• Level of independence when carrying out feasibility studies; site selection, 

preparation of construction specifications and cost estimation over the last 5 years; 
civil construction; as well as when erecting and commissioning equipment. 

• Number of large civil construction works done by the firm in the last five years 
• Number of equipment erected and commissioned by the firm in the last five years 
• Cost overrun during civil construction and erection as a % of budgeted project cost 

due to lapses in planning, monitoring & control activities 
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• Time overrun during civil construction and erection as a % of scheduled time due 
to lapses in planning, monitoring & control activities 

• Successful start up rate 
• Actual unit availability as a percentage of planned unit availability 
• Inventory turnover of major spare parts 

 
iv. Servicing & maintenance capability 

The assessment of servicing and maintenance capability involved the evaluation the 
capability to: carry out maintenance (preventive, routine, corrective, improving and 
predictive maintenance) and offer technical advice; diagnose problems, undertake 
corrective actions (repairs, maintenance, replacement and disposal); plan, monitor and 
coordinate service activities and capacity. The specific indicators that were employed were 
respectively: 

• Total maintenance hours used as a % of gross available hours 
• Average time taken to restore electricity supply after a failure or fault has occurred 

(System average restoration index) 
• Average time taken to attend to interruptions 

 
v. Supplementary capabilities 

The assessment of supplementary capabilities included the evaluation of the capability to: 
acquire competent human resource; acquire the necessary technology and raw materials; 
plan, monitor and coordinate resource acquisition processes. In this regards, the key 
indicators that were employed to assess the respective supplementary capabilities included 
level of independence during the procurement of human resource; acquisition technology 
and raw materials; development of procurement strategies. A detailed elaboration of the 
different capability elements, their respective indicators as well as the criteria for 
evaluating the level of deployment of the respective capabilities is espoused in the IREK 
working paper on capabilities, outcomes, interactive learning and influencing factors 
(Nzila 2020). The indicators are further integrated into a questionnaire (Nzila 2020) that 
was used to assess the various capability categories and their outcomes for renewable 
electrification in Kenya. 
 
3.2. Empirical design, development and execution of the survey 
The survey sought to interview Kenyan firms dealing with solar, wind, geothermal, small 
hydro and biomass/biogas. The design of the survey was based on preliminary work from 
two IREK project workshops held in 2016 and 2017. During the preliminary exercise, a 
database was developed to map out the renewable energy projects in the country. The 
survey respondents were then selected from the database. To obtain a representative sample 
of the firms, a random recruitment process was undertaken from a sample frame generated 
from the prior-constructed database.  
 
The survey questionnaire was in the form of a structured interview protocol, with close 
ended and a combination of dichotomous and multichotomous questions. The 
questionnaire consisted of items that were intended to collect data on the following five 
main sections: 

• General information  
• Business / project activities 
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• Learning and development of capabilities  
• Benefits and outcomes  
• Influencing factors  

The data collection technique was based on cross-sectional survey method owing to its 
nature of utilising a questionnaire to collect views and information from respondents at a 
single period in time as well as to identify the relationship between predefined variables. 
The choice of the target geographic area and population was motivated by the need to 
obtain sufficient data. To this end, a clustering approach was employed whereby the 
population of the respondents was clustered in terms of solar PV, wind energy, small 
hydropower, geothermal and biomass projects in Kenya. The details of the sample frame 
and sample size are provided in table 3. The sample size was computed according to 
Cochran’s formula (Hamed 2017, Gill et al 2010) at 95% confidence interval and 5% 
margin of error. 
 
Table 3: Survey sample frame and sample size 
Technology Sample frame Sample size 
Small hydro 15 14 
Wind 11 11 
Solar 57 50 
Geothermal 4 4 
Biogas 6 6 
Hybrid 9 9 
Total 102 94 

 
3.3. Data analysis 
An analysis of the questionnaires was conducted in multiple stages. A number of 
descriptive statistics were done, followed by distribution tests, multiple responses and 
multiple dichotomy data analysis using numerical Python. The analysis involved the use 
of bar charts and line curves to visualize output for the different variables in each question. 
The graphs represent the total number of respondents who indicated their intention of 
affirming their responses to the respective questions. The survey data was analysed using 
the python software. The survey results are presented both qualitatively and quantitatively 
through analysis consisting of summary statistics reported for the full sample frame. The 
various elements and indicators for measuring each of the different categories of 
capabilities, their outcomes and influencing factors are presented in Table 4. The indicators 
are further integrated into a questionnaire (Appendix 1) that was used to assess the various 
capability categories and their outcomes for renewable electrification in Kenya. 
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Table 4: Framework for the analysis of capabilities in low carbon energy firms and projects in Kenya 
(a) Framework for analysis of financial and management capability  

 
Category Elements Indicators Criteria for evaluating the level of deployment of capability 

High Moderate Low 
Financial 
acquisition 

Capability to identify, 
assess, negotiate and 
finalize terms of 
necessary financing 
(identify, assess, 
negotiate & finalize 
the terms) 

Level of dependence on 
external agencies for the 
acquisition of finance 

 

If the firm is not 
dependent on external 
consultants for acquisition 
of finance  

If the firm is only dependent 
on external consultants for 
evaluation of financial plan 

If the firm is 
completely 
dependent on 
external consultants 
for acquisition of 
finance  

Financial 
management 

Capability to deploy 
integrated financial 
systems 

Level of dependence on 
external agencies for the 
implementation of financial 
management systems 
 

If the firm is not 
dependent on external 
consultants for the 
implementation of 
financial management 
systems 

If the firm is partially 
dependent on external 
consultants for the 
implementation of financial 
management systems 
 

If the firm is 
completely 
dependent on 
external consultants 
for the 
implementation of 
financial 
management 
systems 

Strategic 
management 

Capability to develop 
and implement 
strategic plan for the 
organization 

Level of dependence on 
external consultants for 
developing procurement 
strategies 
 

If the firm is not 
dependent on external 
consultants for developing 
procurement strategies 

If the firm is partially 
dependent on external 
consultants for developing 
procurement strategies 

If the firm is 
completely 
dependent on 
external consultants 
for developing 
procurement 
strategies 

Level of dependence on 
external consultants for 
implementing strategic plan 

 

If the firm is not 
dependent on external 
consultants for the 
preparation of strategic 
plan  

If the firm is only dependent 
on external consultants for 
evaluation of strategic plan 

If the firm is 
completely 
dependent on 
external consultants 
for preparing 
strategic plan  

Capability to create 
new organizational 
structures 

Degree of dependency in 
undertaking minor changes in 
the organizational structure of 
the firm in the last 5 years. 
 

If external consultants are 
only required to review 
the firm’s action plan  

If dependent on external 
consultants for other services 
but not for action plan 
formulation 

If completely 
dependent on 
external consultants  

Degree of dependency in 
undertaking major changes in 
the organizational structure of 
the firm in the last 5 years.  

If external consultants are 
only required to review 
the firm’s action plan  

If dependent on external 
consultants for other services 
(eg., analysis of business 
environment) but not for 
action plan formulation 

If completely 
dependent on 
external consultants  

Capability to plan, 
monitor and control 
R&D projects 

Level of dependence on 
external agencies for 
implementation of new 
organizational methods in 
business practices, R&D or 
production 

If not dependent on 
external agencies 
 

 

If dependent on external 
agencies for other services but 
not for implementation of new 
organizational methods in 
business practices 

If completely 
dependent on 
external agencies 
 

 

% of R&D projects reaching 
the completion stage out of the 
total projects undertaken 

If more than 70% If between 50% & 70% If less than 50% 

Steering Capability to make 
strategic decisions, 
implement and 
integrate the 
organization activities 

Level of dependence on 
external agencies for 
implementation of new 
procedures and processes 
within the company. 
 

If not dependent on 
external agencies 
 

 

If dependent on external 
agencies for other services but 
not implementation of new 
procedures and processes 
within the company 

If completely 
dependent on 
external agencies 
 

 

Degree of dependency in 
making strategic decisions, 
implementation and 
integration of the organization 
activities 

If not dependent on 
external agencies 
 
 

If dependent on external 
agencies for other services but 
not for the formulation and 
implementation for strategic 
decisions 

If completely 
dependent on 
external agencies 
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(b) Framework for analysis of design and engineering capability 

  

Category Elements Indicators Criteria for evaluating the level of deployment of capability 
High Moderate Low 

Design and 
engineering 

Capability to do 
routine design & detail 
engineering of process 

Total number of detail engineering 
studies completed in the last 5 years 

If the firm has more than 2 
detail engineering studies 
per annum 

If the firm has 1 to 2 detail 
engineering studies per annum 

If the firm has less than one 
detail engineering studies per 
annum 

Level of dependence on external 
consultants for carrying out detail 
engineering studies  

If the firm is not dependent 
on external consultants for 
carrying out detail 
engineering studies  

If the firm is only dependent on 
external consultants for 
technology evaluation & 
planning 

If the firm is completely 
dependent on external 
consultants for carrying out 
detail engineering studies  

Cost overrun as a % of budgeted 
project cost due to lapses in detail 
engineering 

If less than 5% 
 

If between 5% and 10% 
 

If more than 10% 

Capability to adapt 
both internally and 
externally acquired 
technologies 

Cost of technology adaptation as a % 
of the cost of technology acquired 
internally 

If less than 25% If between 25% & 49% If more than 50% 

Cost of technology adaptation as a % 
of the cost of technology acquired 
externally 

If less than 25% If between 25% & 49% If more than 50% 

Capability to duplicate 
internally/externally 
acquired technologies 

Total number of internally acquired 
technologies duplicated in the last 5 
years 

If the firm has acquired 
more than 2 technologies 
per annum 

If the firm has acquired 1 to 2 
technologies per annum 

If the firm has acquired less 
than 1 technologies per 
annum 

Level of dependence on external 
consultants for duplicating internally 
acquired technologies 

If the firm is not dependent 
on external consultants  for 
duplicating internally 
acquired technologies 

If the firm is only partially 
dependent on external 
consultants  for duplicating 
internally acquired technologies 

If the firm is completely 
dependent on external 
consultants  for duplicating 
internally acquired 
technologies 

Total number of externally acquired 
technologies duplicated in the last 5 
years 

If the firm has acquired 
more than 2 technologies 
per annum 

If the firm has acquired 1 to 2 
technologies per annum 

If the firm has acquired less 
than 1 technologies per 
annum 

Level of dependence on external 
consultants for duplicating externally 
acquired technologies 

If the firm is not dependent 
on external consultants  for 
duplicating externally 
acquired technologies 

If the firm is only partially 
dependent on external 
consultants  for duplicating 
externally acquired technologies 

If the firm is completely 
dependent on external 
consultants  for duplicating 
iexternally acquired 
technologies 

Capability to identify, 
assess, negotiate and 
finalize the terms of 
the technology to be 
acquired 

Cost of reverse engineering activities 
as a % of cost of technologies 
purchased 

If less than 25% If between 25% & 49% If more than 50% 

% of major contracts for which 
technology acquisition activities were 
performed without any external 
assistance during the last 5 years 

If less than 50% If between 50% & 70% If more than 70% 

Capability to identify, 
assess, negotiate and 
finalize the terms of 
acquiring raw 
materials, supporting 
facilities, spare parts 
and consumables 

% of major contracts for which 
technology acquisition activities for  
raw materials, supporting facilities, 
spare parts and consumables were 
performed without any external 
assistance during the last 5 years 

If more than 70% If between 50% & 70% 
 
 
 

 

If less than 50% 
 

 

Capability to 
undertake 
process/product 
improvements and 
development of new 
ones 

Total number of new or significantly 
improved product/goods 

 
If more than 4 

 
If between 3 and 4 

 
If less than 3 

Level of dependence on external 
agents for development of 
significantly improved product/goods 

If the firm is not dependent 
on external agents  

If the firm is only dependent on 
external consultants for 
technology evaluation, EIA & 
planning 

If the firm is completely 
dependent on external 
consultants for carrying out 
feasibility studies  

Total number of new or significantly 
improved services accomplished  

If more than 4 If between 3 and 4 If less than 3 

% of research contracted to outside 
agencies out of the total projects 
undertaken 

If less than 25% If between 25% & 49% If more than 50% 

Capability to plan, 
monitor and control 
design, engineering & 
contract activities 

Total number of new process, 
technology or design accomplished  

If more than 4 If between 3 and 4 If less than 3 

Time overrun during detail 
engineering as a % of the scheduled 
time 

If less than 5% If between 5% and 10% If more than 10% 
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(c) Framework for analysis of project implementation capability  

 
   

Category Elements Indicators Criteria for evaluating the level of deployment of capability 
High Moderate Low 

Project 
implementation 
Capability 

 

Capability to support 
project feasibility 
studies, parameter 
estimation, value 
engineering, site 
engineering (in terms 
of technical, 
economic, financial, 
environmental & 
social aspects) 

Total number of feasibility 
studies of projects completed 
during the last 5 years 

If the firm has more than 
two project evaluation 
studies per annum 

If the firm has 1 to 2 
project evaluation 
studies per annum 

If the firm has less than one 
project evaluation studies per 
annum 

Level of dependence on external 
consultants for carrying out 
feasibility studies 
 

If the firm is not 
dependent on external 
consultants for carrying 
out feasibility studies  

If the firm is only 
dependent on external 
consultants for 
technology evaluation, 
EIA & planning 

If the firm is completely 
dependent on external 
consultants for carrying out 
feasibility studies  

Level of dependence on external 
agencies in site selection, 
preparation of construction 
specifications and cost estimation 
over the last 5 years.  

If the firm is either self- 
dependent or retains 
consultants only for 
review construction 
specifications and cost 
estimation  

If the firm is dependent 
on external agents only 
for a part of 
construction 
specifications and cost 
estimation 

If the firm is completely 
dependent on external agents 
for construction specifications 
and cost estimation  

Capability to perform 
civil works 

Number of large civil 
construction works done by the 
firm in the last five years 

If the firm has executed 2 
or more large civil 
construction projects per 
annum 

If the firm has executed 
1 to 2 large civil 
construction projects 
per annum 

If the firm has executed less 
than 1 large civil construction 
projects per annum 

Level of dependence on external 
agencies for civil construction 

If the firm is not 
dependent on external 
agents for civil 
construction  

If the firm is only 
dependent on external 
agents for monitoring of 
civil construction 

If the firm is completely 
dependent on external agents 
for civil construction  

Capability to erect 
and commission 
equipment 

Number of equipment erected 
and commissioned by the firm in 
the last five years 

If the firm has erected and 
commissioned 2 or more 
large projects per annum 

If the firm has erected 
and commissioned 1 to 
2 large projects per 
annum 

If the firm has erected and 
commissioned less than 1 
large projects per annum 

Level of dependence on external 
agencies for erecting and 
commissioning equipment 

If the firm is not 
dependent on external 
agents for erecting and 
commissioning equipment  

If the firm is only 
dependent on external 
agents for calibration of 
erected and 
commissioned 
equipment 
 

If the firm is completely 
dependent on external agents 
for erecting and 
commissioning equipment  
 

Capability to plan, 
monitor & control 
construction, erection 
and commissioning 
activities 

Cost overrun during civil 
construction and erection as a % 
of budgeted project cost due to 
lapses in planning, monitoring & 
control activities 

If less than 5% 
 
 

 

If between 5% & 10% 
 

 

If more than 10% 
 

 

Time overrun during civil 
construction and erection as a % 
of scheduled time due to lapses 
in planning, monitoring & 
control activities 

If less than 5% If between 5% & 10% 
 

If more than 10% 

Capability to 
effectively utilize and 
control the 
conversion 
technologies and 
auxiliary processes 

Successful start up rate If more than 90% If between 75% & 90% If less than 75% 

Actual unit availability as a % of 
planned unit availability 
 

If more than 90% If between 75% & 90% If less than 75% 

Capability to 
undertake quality 
assurance, inspection 
and inventory control 

Inventory turnover of major 
spare parts 

If more than 1 If between 0.5 and 1 If less than 0.5 
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(d) Framework for analysis of servicing and maintenance capabilities  

 
(e) Framework for analysis of supplementary capabilities  

  

Category Elements Indicators Criteria for evaluating the level of deployment of capability 
High Moderate Low 

Servicing & 
maintenance 

Capability to carry out 
maintenance (preventive, 
routine, corrective, improving 
and predictive maintenance) 
and offer technical advice 

Total maintenance 
hours used as a % of 
gross available hours 

If more than 90% If between 70% & 90% If less than 70% 

Capability to diagnose 
problems, undertake corrective 
actions (repairs, maintenance, 
replacement and disposal) 

Average time taken to 
restore electricity 
supply after a failure or 
fault has occurred 
(System average 
restoration index) 
 

If less than 3 hours  If between 3 hours and 
10 hours 

If more than 10 hours  

Capability to plan, monitor and 
coordinate service activities 
and capacity 

Average time taken to 
attend to interruptions 

If less than 4 hours  If between 4 hours and 
8 hours 

If more than 8 hours  

Category Elements Indicators Criteria for evaluating the level of deployment of capability 
High Moderate Low 

Supplementary 
capabilities 
 
 

Capability to acquire 
competent human resource 
(identify, assess, negotiate & 
finalize the terms) 

Level of dependence on 
external agencies for 
the procurement of 
human resource 
 

If the firm is not 
dependent on 
external agents for 
procurement of 
human resource 
 

If the firm is only 
dependent on external 
consultants for 
evaluation of human 
resource 

If the firm is 
completely 
dependent on 
external agents for 
procurement of 
human resource 

Capability to acquire the 
necessary technology and raw 
materials (support facilities, 
spare parts & consumables; 
identify, assess, negotiate & 
finalize the terms) 

Level of dependence on 
external agents in the 
acquisition technology 
and raw materials\ 

If assistance is not 
normally needed  

If assistance is required 
for bid evaluation only 

If assistance is 
required for floating 
and evaluation of 
tenders, contract 
negotiation and letter 
of award placement  

Capability to plan, monitor 
and coordinate resource 
acquisition processes 

Level of dependence on 
external consultants for 
developing procurement 
strategies 
 

If the firm is not 
dependent on 
external consultants 
for developing 
procurement 
strategies 

If the firm is partially 
dependent on external 
consultants for 
developing procurement 
strategies 

If the firm is 
completely 
dependent on 
external consultants 
for developing 
procurement 
strategies 
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4. Results and discussions 
 
4.1. Capability: Concepts, Theories and Application in Renewable Electrification 

Studies 
The Concept of Capability especially in the fields of strategic management, industrial 
development and renewable energy electrification studies has continued to gain 
momentum. The development of Technological capabilities and other forms of capabilities 
have been touted as a key driver in not only helping firms gain competitiveness but also 
achieve Sustainable Development Goal 7 on ensuring access to affordable, clean 
sustainable and modern energy, both in developed and developing countries. While 
progress has been made in building local and international capabilities for RE, concerns 
abound over the various types, existence, importance as well as the slow speed particularly 
in Sub-Saharan Africa. Moreover, literature on concept of capability itself remains 
scattered besides taking many shades of meaning that is likely to stifle progress in this 
research agenda. This section therefore employs a formative literature review to bring 
together the various theoretical and conceptual frameworks on the concept of Capability 
that includes technological, innovation, entrepreneurial and strategic perspectives with 
illustrations on their applications in renewable electrification studies. Further elaboration 
on this section is available in Korir and Nzila 2020.  (See IREK book project Chapter 3). 
 
4.2. Survey on capabilities 
This section presents the descriptive statistics of the survey findings pertaining to 
business/project activities prior to delving into findings on the development of capabilities, 
their outcomes and the linkages therein. An analysis of the mutual connection of the survey 
data and the evaluation of the responses is also presented. A more detailed elaboration on 
the survey is available in Nzila and Korir 2020. (See IREK book project Chapter 8) 
 
4.2.1. Data inventory 
The data inventory from the survey of the different respondents is summarised in Table 5 
in terms of a summary mapping matrix of the respondents. As shown in the mapping 
matrix, the respondents were characterised by a variety of players of which private actors 
were the majority amongst all the categories while unlike the all the other low carbon 
resources considered, solar PV technology was prominently represented across the 
different categories of respondents. These findings are in agreement with Rolffs et al., 2015 
as well as Ockwell and Byrne, 2016 and they reaffirm that, unlike the other low carbon 
energy categories, solar PV technology remains a significant player in the Kenyan energy 
market segment. While these findings do not resonate with the current energy mix in the 
country where the share of solar PV remains largely obscure, it is evident that based on its 
prominence across all the respondents, in the near future the share of solar PV in the 
country’s energy mix is bound to leapfrog the other low carbon resources such as wind and 
hydro power. 
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Table 5: Mapping of the survey respondents 
Categories Solar PV Wind Small 

Hydro 
Geothermal Biomass Hybrid 

Private/Industry X X X X X X 
Quasi Private  X X X   
University/Research X X X  X X 
Consulting X X    X 
Public Authority X X  X  X 
NGO X      
Religious Mission X  X    
Cooperative Society X      

 
 
4.2.2. Business/Project Activities 
Generally, with a view to understanding the project activities and the inherent capabilities, 
the respondents were asked a group of questions whereby they were supposed to focus 
mainly on their involvement in their latest renewable energy project. The results considered 
responses from firms in which respondents were required to indicate the type of activities 
they were involved in from a project life cycle perspective, in terms of: project initiation, 
planning, implementation, monitoring and evaluation as well as follow-up and closure. The 
resultant responses are presented in Figures 1 - 5. With respect to project initiation, the 
activities in which most respondents were involved in include proposal development, 
feasibility studies and business plan development (n=44, 42 and 37 respectively). The 
activities in which the least respondents were involved in include delimitation of 
boundaries and definition of results (n=20 and 28 respectively). The responses were further 
analysed to establish the level of correlations with other factors considered in the survey 
and the results presented in section 5.  
 

 
Fig. 1. Nature of involvement in project initiation  
Pertaining to the involvement in project planning (Fig. 2), the results indicate that the 
activities in which the majority of the firms were involved in include the development of 
project plan, financial plan, procurement plan and definition of operational requirements 
(n=41, 40 and 38 respectively). On the other hand, the major activities in which the least 
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number of the respondents were involved in include construction of basic civil works, 
system integration and development of new project model (n=25 and 27 respectively).  
 

 
Fig. 2. Nature of involvement in project planning  
In the case of project implementation (Fig. 3), the results show that most respondents were 
involved in capacity building, provision of project management services and resource 
acquisition (n=37, 34 and 32 respectively). On the other hand, provision of turnkey 
solutions was the major activity having the least number of respondents (n=22).  
 

 
Fig. 3. Nature of involvement in project implementation  
Pertaining to the involvement in project monitoring and evaluation (Fig. 4), the results 
show that most respondents were involved in performance assessment, quality 
management and cost management (n=47, 43 and 42 respectively). Conversely, the 
activities with the least involvement of the respondents were change management and 
communication management (n=23 and 28 respectively). With respect to the role of the 
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RE firms in project follow up and closure (Fig. 5), the results show that most respondents 
had distinct involvement in provision of instruction and training for staff as well as project 
writing (n=39 and 38 respectively).  

  
Fig. 4. Nature of involvement in project monitoring and evaluation  
  

  
Fig. 5. Nature of involvement in project follow-up and closure  
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4.2.3. Financial and management capabilities in low carbon energy projects 
A general overview of the different elements under financial and management capabilities 
in low carbon energy enterprises and projects is presented in a radar plot (Fig. 6) whereby 
all the capability indicators share equal prominence scaled up from low to high based on 
the frequency of the respective responses. The shape of the radar plot indicates the spread 
of the capabilities with respect to the deployment of the capabilities according to the 
indicators formulated earlier in table 4(a). The results therefore show that the low carbon 
firms and projects have significantly high and hence noticeable capabilities specifically in 
financial management, steering and strategic management (as demonstrated in non-
dependency on external agents for the respective activities). However, there was low to 
moderate capabilities in financial acquisition as well as in planning, monitoring and control 
of research and development activities. This is demonstrated by the moderate to complete 
dependency on external agents for the acquisition of finance and implementation of new 
organizational methods as well as by the per-cent of research and development projects 
reaching completion out of the total projects undertaken.  

Fig. 6. Analysis of financial and management capabilities  
Based on the overall analysis of the financial and management capabilities, it is shown that 
the high, moderate and low capabilities presented by the firms/projects have respective 
cumulative radar plot surface areas of 45%, 35% and 18% of the total possible surface area. 
These results therefore indicate that while the low carbon firms and projects in Kenya have 
high management capabilities, there are a number of missing capabilities especially with 
respect to the capability to plan, monitor and control research and development activities.   
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4.2.4. Design and engineering capabilities in low carbon energy projects 
Pertaining to design and engineering capabilities (Fig. 7) it is shown that there was high 
capability in routine design and detail engineering, undertake process improvements and 
duplicate internally acquired technologies. However there was low to moderate capabilities 
in adoption of internally and externally acquired technologies; in identification, 
assessment, negotiation and finalization of technology acquisition as well as in planning, 
monitoring and controlling design engineering and contract activities. Indeed, it is shown 
that the high, moderate and low capabilities presented by the firms/projects have respective 
cumulative radar plot surface areas of 37%, 12% and 18% of the total possible surface area. 
These results show that the overall design and engineering capabilities in the low carbon 
energy firms and projects in Kenya can be regarded as high but with noticeably irregular 
lower extremes. It can therefore be argued that the energy firms and projects in Kenya have 
mixed accumulation and hence deployment of design and engineering capabilities. 
 
 

Fig. 7. Analysis of design and engineering capabilities   
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4.2.5. Implementation capabilities in low carbon energy projects 
 
Fig. 11 presents the implementation capabilities in low carbon energy firms and projects 
in Kenya. The results show that the high, moderate and low capabilities presented by the 
firms/projects have respective cumulative radar plot surface areas of 14%, 19% and 41% 
of the total possible surface area. Based on the indicators considered, it is evident that most 
of the firms and projects that were evaluated demonstrated low implementation capability 
(red radar plot). Hence it is evident from the results that for most of the respondents, there 
was complete dependence on external agents for the implementation of low carbon energy 
projects especially with respect to supporting project feasibility studies, utilization and 
control of conversion technologies as well as in erection and commissioning of equipment. 
However, the capabilities for site selection, preparation of construction specifications and 
cost estimation is observed to range from moderate to high. On the other hand the capability 
to undertake quality assurance, inspection and inventory control as well as the execution 
of feasibility studies is observed to be high. 
 

Fig. 8. Analysis of implementation capabilities   
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4.2.6. Servicing, maintenance and supplementary capabilities in low carbon energy 
projects 

The servicing, maintenance and supplementary capabilities in low carbon energy projects 
and firms in Kenya is presented in Fig.9. It is shown that, apart from the mixed (low to 
moderate) capability to acquire the necessary technology and raw materials, there were 
predominantly high capabilities with respect to all the capability dimensions evaluated. On 
the other hand, it is shown that there was low to moderate capability in supplementary 
capability and specifically in the acquisition of technology (support facilities, spare parts 
& consumables; identify, assess, negotiate & finalize the term).  
 

 
Fig. 9. Analysis of maintenance and supplementary capabilities  
 
 
 
 
 
 
 
 
 
 
 



IREK PROJECT WORKING PAPER NO. 9, APRIL 2020 
 

 31 

5. Conclusions and Recommendations 
 
5.1. Influence of business and project activities on the development of 

capabilities 
 
The survey results revealed that the vast majority of the respondents had distinct 
involvement in all the main activities within the project lifecycle, that is project initiation, 
planning, implementation, monitoring and evaluation as well as follow up and closure. This 
implies that most of the respondents have developed the requisite capabilities pertaining to 
project execution.  However it was also revealed that there were certain activities within 
the project life cycle where the respondents had least involvement especially in most 
activities related to project implementation, follow up and closure. In this connection, it 
can therefore be concluded that there is slow development of capabilities with 
respect to project implementation, follow up and closure as well as in certain aspects of 
project initiation. 
 
5.2. Development of capabilities versus the role of learning 
The survey results indicate that all the respondents had undertaken a variety of 
activities geared towards learning and development of capabilities in their projects.  
However the role of external consultants, universities and research institutes in the 
development of capabilities appears to be rather obscure. In addition, while the survey 
has revealed evidence of learning within the projects, especially owing to the nature 
of the activities and self-spearheaded accomplishments over the last five years, there 
was minimal evidence of learning across the projects owing to minimal interactions 
amongst different projects. This implies that development of capabilities remains 
concentrated within the projects and that there is minimal learning hence 
diffusion/distribution of capabilities across the projects.  
 
In addition, based on the mode and character of engagements with other enterprises or 
institutions in Kenya (either as part of the business/project or not), the survey has revealed 
that the key modes of engagement between the projects/enterprises and the other local 
actors include: training, design, testing, information acquisition, hiring of experts, and 
partnerships. Hence it can be concluded that diversity in the learning mechanisms provides 
an avenue for the development of different capabilities in the RE projects. In this 
connection, there is a high likelihood that while in the near future many RE projects in the 
country will continue to be spearheaded from within the individual firms, the avenue for 
mitigating any shortfalls in the existing capabilities largely remains uncharted.   
 
5.3. Nature, extend and role of the development of capabilities and interactive 

learning on sustained renewable electrification in Kenya 
 
It can be determined from the survey findings that the studied firms possess diverse 
management, strategic and technological capabilities. The implications of these findings 
are that the studied firms possess divergent generic knowledge-intensive and interactive 
learning ability to individually mobilize different capability resources necessary for 
successful implementation of competitive strategy and value creation in the low carbon 
energy environment. The survey results also indicate that while the low carbon firms and 
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projects in Kenya have high management capabilities, there are a number of missing 
capabilities especially with respect to the capability to plan, monitor and control research 
and development activities. In addition, the moderate to complete dependency on external 
agents for undertaking various project activities expose the local firms to the influence by 
global actors devoid of any alternative recourse.  
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