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Abstract

Purpose- Within the context of Indian oil businesses, the purpose of this study is
to investigate the impact that human capital management has on innovation and
entrepreneurialism. Because of the growing global rivalry, innovation is
becoming increasingly important for the success of organizations.
Design/Methodology/Approach- The research utilized a survey design, gathering
both qualitative and quantitative data from 600 employees across major Indian
oil companies, including ONGC, Indian Oil Corporation, and Bharat Petroleum.
Data analysis was conducted using correlation, regression, and qualitative
interviews.

Findings- The study found a positive correlation between human capital
investment and innovation outcomes. Leadership, training, and cross-functional
collaboration emerged as key factors in fostering an entrepreneurial culture.
Human capital, consisting of employees’ skills, knowledge, and experience, is a
critical driver of innovation.

Research Implications- The findings emphasize the need for strategic human
capital development to enhance innovation performance. The study also
highlights areas for future research on leadership and team dynamics in
innovation management.

Practical Implications- The research suggests that implementing a strategic
'workforce development' plan can significantly improve innovation and
entrepreneurship in the Indian oil industry.

Social Implications- By enhancing human capital and fostering innovation, the
oil sector can contribute to broader economic development and job creation,
influencing societal progress in India.

Originality/Value- This study provides a unique perspective on the relationship
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between human capital management and innovation in the Indian oil sector,
offering valuable insights for both academics and industry practitioners.
Keywords: Human Capital, Indian Oil Industry, Innovation, Entrepreneurship,
Workforce Development, Employee Development, Leadership, Cross-functional
Collaboration.

1. Introduction

Over the past few years, the trends in the global energy industry have significantly changed,
mainly due to factors such as changes in the price of oil in the international markets,
innovations in technology that have led to environmental concerns, and the development of
other non-conventional energy resources (Ekemezie, 2024). These have seen Indian oil
companies forced to adopt innovation and entrepreneurship in equal measure to compete in
the market. They have done previous studies concerning the establishment of research in
Research and Development (R&D) for innovation output as well as the criticality of innovation
to economic performance (Cooke, 2010). However, while human capital is postulated to
matter in both innovation and economic performance, not much is known about human capital
itself; or the type of skills that are useful in converting R&D into innovation and similarly
converting innovation into productivity (Dash, 2024).

It is unclear how much the increase in training investment intended to improve human capital
plays a role in increasing the productivity of industries, which can be attributed to the
difficulties associated with the quantification of investment of this type of KBC. Besides, as
training contributes towards upskilling human capital, the paper further examines how the
officially measured INN output and various forms of training are associated with the LP,
differentiating between formal, informal, and non-formal training (Obeidat, 2020). For any
organization to survive and thrive in this highly volatile environment it has become mandatory
to innovate. Several organizations standing for innovation can design new technologies,
enhance productivity, minimize expenses, and adapt to the changes successfully (Prabhu,
2015).

1.1 Background of the Study

One of India's most important economic drivers and guarantors of energy supply is the
country's massive oil and gas industry. Industrial activity, transportation, and residential
energy consumption are all greatly impacted by it. The public sector behemoths of India's oil
industry—ONGC, I0C, BPCL, and HPCL—are not only kings of the domestic market but
also make formidable impressions abroad (Obeidat, 2020). There is a lot of pressure on these
businesses to adopt more sustainable energy practices, and the global energy market is very
competitive and marked by unpredictable pricing and tightening regulations. Human capital,
which includes employees' expertise, knowledge, experience, and abilities, is essential to
encourage this kind of innovation (Ahmed, 2019). Since it is workers who come up with fresh
concepts, inject creativity into problem-solving, and execute entrepreneurial endeavours,
human capital is becoming more and more acknowledged as a critical factor in driving
innovation. While studies on human capital's effect on innovation and entrepreneurship have
been conducted in several fields, very little has been done to examine its influence in the oil
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business, especially in India (Sharma, 2019). Therefore, the purpose of this research is to
investigate how Indian oil companies use their human capital to innovate and be
entrepreneurial, with the hope of illuminating the tactics these businesses use to attract and
retain top talent.

2. Research Problem

Human capital has become more important in the oil industry, which relies heavily on physical
resources and money, especially as companies adopt more efficient and environmentally
friendly practices. Little is known about the impact of human capital on innovation and
entrepreneurship in Indian oil corporations, despite the increasing emphasis on innovation. It
is unclear what kinds of skills and knowledge are necessary to spearhead these initiatives or
how businesses might foster an environment that encourages innovation and risk-taking.
Indian oil companies should re-evaluate their methods of team building, talent acquisition, and
employee training if they want to foster innovation.

To address these shortages, this research analyses how Indian oil companies foster an
entrepreneurial spirit and innovate via their people resources. The research examines the
possibilities and limitations of resource-intensive organizations through the lens of the
bureaucratic and slow-to-adapt Indian oil industry.

3. Research Objectives

This study's main goal is to investigate how human capital influences innovation and
entrepreneurship in Indian oil businesses. The study's specific objectives are to:

> To investigate the impact of human capital on innovation and entrepreneurship
initiatives in Indian oil companies.

> To identify the specific competencies, skills, and experiences that are most beneficial
in driving these initiatives.

> To assess how Indian oil companies are currently leveraging their human capital to
foster a culture of innovation and entrepreneurship.

> To analyze the effectiveness of existing workforce development strategies in
supporting innovation efforts.

> To provide recommendations for enhancing human capital strategies to further
promote innovation and entrepreneurial success in the sector.

4. Research Questions
To achieve these objectives, the following research questions guide the study:

1. How does human capital contribute to the innovation and entrepreneurship efforts of
Indian oil companies?
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2. What specific competencies, skills, and experiences are most beneficial for fostering
innovation and entrepreneurship in the sector?

3. How do Indian oil companies leverage their workforce to support their innovation
initiatives?

4. What role does employee training and development play in driving innovation in the
oil sector?

5. How can Indian oil companies enhance their human capital strategies to promote a
culture of innovation and entrepreneurship?

5. Hypotheses

H1: Human capital has a significant positive impact on the success of innovation and
entrepreneurship initiatives in Indian oil companies.

H2: Companies that invest more in employee development and training show higher levels of
innovation output and entrepreneurial success compared to those with lower investments in
human capital.

H3: Employees with a higher degree of technical and managerial skills contribute more
effectively to innovation and entrepreneurship than those with limited skill development.

6. Significance and Scope of the Study

This research might illuminate how human capital can fuel innovation and entrepreneurship
in a resource-intensive and conservative business. The results are useful for Indian oil
corporations and other businesses with innovation issues. As the global energy market
changes, Indian oil firms must adapt to new challenges and possibilities, including cleaner,
more sustainable energy. This study emphasizes the significance of investing in people for
long-term success in a competitive and continuously changing market by focusing on human
capital. This study adds to the literature on human capital, innovation, and entrepreneurship
in the oil business. Innovation in resource-heavy sectors like oil and gas has received less
investigation than in high-tech businesses like IT and pharmaceuticals. This research fills an
essential vacuum in the literature by giving insights that may be used in the oil industry and
other industries that want to use human capital to innovate.

The present study centers on human capital and its relevance to innovation and
entrepreneurship in India’s oil firms. The study focuses on the major oil companies of India
like ONGC, 10C, BPCL, and its subordinates HPCL Both future top management, middle
management, and front-line employees are included in the sample pool. The opportunities for
the study are to explore how these companies train, develop, and undertake talent management
practices and how these result in innovation. This paper also discusses the various factors that
are hurdles to implanting innovation culture at Indian oil companies such as bureaucratic red-
tapism and regulatory compliance issues and the reluctance of this industry to take risks due
to the traditional mindset.
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7. Research Methodology
7.1 Research Design

The research integrates both quantitative and qualitative research methods to capture a holistic
view of the impacts of human capital on innovation and entrepreneurship in Indian oil
companies. The use of both these approaches gives a firm a strong foundation to analyze both
numerical data as well as qualitative analysis views from industry experts.

Self-administered questionnaires were completed by the employees of the Indian oil
companies engaging in innovation and entrepreneurship. It is based on the data collected
through semi-structured interviews with HR manager’s heads of innovation departments and
other related professionals.

7.2 Sample Selection

A purposive sampling technique was employed in the study to target people who are involved
with innovation and entrepreneurship initiatives. The participants included employees and
managers from the different departments of the oil companies to capture the multi-level
decision-making. The study aimed at getting 600 respondents and the sample was drawn from
a wide range of the organization's departments that we can classify as belonging to technology,
innovation, human resource management, and research departments.

To get cross-sectional data some of the leading Indian oil companies like ONGC, I0C, BPCL,
HPCL, and others have been included in the survey. The survey was aimed at employees with
experience of not less than 2 years in innovation or entrepreneurship programs and possessing
diverse educational and skills backgrounds.

7.3 Data Collection Methods

Quantitative and qualitative semi-structured interviews were used to acquire primary data for
this study. Based on study goals, 600 workers of Indian oil corporations including ONGC,
I0C, and BPCL were given structured questionnaires. These personnel were chosen for their
involvement in innovation, entrepreneurship, and other creative ventures. The poll examined
staff abilities, education, innovation exposure, and the company's direct involvement in skill
development. HR managers, department heads, and other innovation-related executives were
sampled. These companies were interviewed to provide qualitative data on human capital
development and use for innovation and entrepreneurship.

Secondary data for the research was gathered from information sources including the
company’s annual report, innovation initiative report, white papers, and other public
documents concerning the innovation strategies and workforce development programs of the
target companies. Thus, this data offered useful information complementing and supporting
the primary data obtained.

7.4 Data Analysis Techniques

To describe employee demographic characteristics when collected data from the surveys, the
study employed descriptive statistics that facilitated the summarization of employee profiles
in terms of education standards, years of experience in innovation, and their current role in
managing innovations. To test the hypothesis on the relationship between human capital
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investment and innovation, correlation analysis was done by comparing the different types of
human capital investments such as training, skill development, etc. The innovation outcomes
that were analysed were the success rate of new projects, patents, and the degree of market
impact. To compare the quantitative effect of human capital factors (education, expertise,
skills, etc.) on the success rate of innovation and entrepreneurship, multiple regression analysis
was performed. Independent variables consisted of employer skill level, experience, and
investments in training while dependent variables included innovation results including the
result of the project, generation of revenue, and penetration into the market.

Anonymous, taped interviews were taken and written down, then codes were given to each
part of an interview by the coder, and subcategories were developed out of that. There were
specific themes identified as key enablers of innovation and entrepreneurship namely;
leadership support, cross-functional relationships as well as learning. Content analysis of
interviews was done to code and analyze various factors that are likely to impact human capital
when it comes to innovation. It was considered pertinent to identify insights regarding the
motivation of the employee, availability of resources, and leadership positions.

8. Results and Discussion

The socio-demographic characteristics of the respondents who participated in the study as
stated in the tables below. Responses were obtained from 600 participants who worked for
different Indian oil companies including their age, gender, level of education, years of working
experience, and their current involvement in innovation or entrepreneurial activities.
Descriptive analysis assists in the determination of the distribution of such important variables,
which forms the basis of future analysis.

Table 1: Demographic Characteristics of the Respondents

Variable Category Frequency (n) Percentage (%)
Gender Male 450 75.0%
Female 150 25.0%
Total 600 100%
Age Group 20-30 years 120 20.0%
31-40 years 240 40.0%
41-50 years 180 30.0%
51+ years 60 10.0%
Total 600 100%
Educational Background Undergraduate 180 30.0%
Postgraduate 300 50.0%
Doctorate 120 20.0%
Total 600 100%
Years of Experience 0-5 years 120 20.0%
6-10 years 210 35.0%
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11-15 years 180 30.0%
16+ years 90 15.0%
Total 600 100%
Current Role in Innovation Initiatives Direct Involvement 360 60.0%
Indirect Involvement 150 25.0%
No Involvement 90 15.0%
Total 600 100%

Source: Survey and Interview Responses from 600 Employees of Major Indian Oil Companies

A majority of the responders are male (75%) — this is in line with the existing employment in
the Indian oil sector where the majority of employees are men. Women are neglected here but
only twenty-five percent of the participants are women. 40% of the employees fall in the age
category of 31-40 years and 30% in the 41-50 years which also tells that the employees are
experienced. This is evidenced by the fact that 20-30-year-olds account for 20 % of the
employees thus signifying that the workforce is mainly comprised of early-career employees,
10% of the employees are over 50 years of age. About 50% of the responders had their
postgraduate degrees thus suggesting that the Marine Corps has well-educated personnel,
which suggests that they could innovate. A third (30%) has an undergraduate degree and 20%
have a doctorate showing the importance of achieving postgraduate status. Duration stands at
6-10 years with 35% while 11-15 years employed 30% of the workforce. Lower-level workers
including those with less than five years of work experience are 20% while 16 or more years
of work experience are only 15%. The majority of them 60% reported that they are actively
participating in innovation and entrepreneurship programs of their organizations a sign of high
employee turnout. Still, only a quarter of them are involved in innovation projects at least
indirectly, with 15% indicating that they do not have anything to do with innovation, which
means that there could be a path for engagement.

Table 2: Mean and Standard Deviation of Continuous Variables

Variable Mean Standard Deviation
Age (Years) 37.8 85

Years of Experience 92 5.1

Innovation Involvement (1 = Direct, 0 = No Involvement) 0.60 0.49

Source: Calculated from Survey and Interview Responses of 600 Employees of Major Indian
Oil Companies

The age mean of respondents is 37. 8 years, their mean age extent being 8 years and the age
deviation being 8 as well. , the five-year employment period indicated RAT workers were of
fairly different ages. This means that most of the workers are of mid thirty age group which is
affiliated with Innovation leadership and experience. It has also been observed that they have
a standard variation of 5. On average, the respondents have been with their employer for 1
year and 9 months. With 2 years of experience. This implies a large pool of human resources
with different levels of competency, and this could impact business-related innovation or start-
ups. Here the estimated mean for innovation engagement is equal to 0. This means that most
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respondents are already participating in innovation activity (Mean = 60), thus, many workers
are not (SD = 0. 49).

Human capital investments and innovation results in Indian oil companies: are correlation and
regression analysis. The analysis employs the survey that involved 600 employee samples.
Observational research investigated human capital indicators and innovation efficiency. Linear
relationship strength and direction were assessed by the Pearson correlation coefficient.

Table 3: Correlation Analysis

Variable Innovation Success p-value
Human Capital Investment 0.68 0.001
Educational Background 0.45 0.005
Training Frequency 0.55 0.002
Years of Experience 0.52 0.003
Leadership Development Programs 0.62 0.001
Cross-functional Team Collaboration 0.60 0.002

Source: Survey data collected from 600 employees across Indian oil companies

That is why the observed positive correlation with the correlation value of 0. The coefficients
of correlation analysis found in 68 reveal that there is a moderate to significant positive
relationship between investment in human capital and innovation performance. This means
that Indian oil business innovation increases when they spend more on human-resource
development components like education, training, and leadership. The correlation reported
here is quite small and positive and amounts to 0. 45 between educational background and
innovation achievement hence implying that academicians are more innovative as compared
to non-academicians or low educated persons. The correlations of 0.55 and 0.52 for training
frequency and years of experience show a positive relationship with the success of innovation
meaning that training frequency and years of experiences foster innovation. Leadership
development programs show a strong positive correlation with 0 while cross-functional team
collaboration has a positive correlation of 0.62 and 0. The 60 level shows that these variables
are important in presenting innovation.

Based on the theoretical specifications of human capital characteristics, a multivariate
regression analysis showed how effectively one could predict innovation.

Table 4: Regression Analysis

Variable Coefficient () | Standard Error | t-Value | p-Value
Constant 0.80 0.15 5.33 0.001
Human Capital Investment | 0.65 0.09 7.22 0.001
Educational Background 0.38 0.11 3.45 0.005
Training Frequency 0.52 0.10 5.20 0.001
Years of Experience 0.48 0.12 4.00 0.002

Source: Regression analysis based on survey responses and company records from 600
employees in Indian oil companies

Nanotechnology Perceptions Vol. 20 No.7 (2024)



771 Manish Seth et al. Exploring the Role of Human Capital in....

Human capital investment, educational background, number of training events completed, and
years of practice explained 72 percent of innovation outcomes in the regression analysis (R-
squared = 0.72). Large F-statistics suggest a good fit of the model while the p-values are
significant at 0.00 levels, further affirming that the models are well specified. A regression
coefficient of 0.65 (p-value < 0. 001) implies a significant positive relationship between
Human Capital Investment & Innovation Success. Investment in human capital signifies the
achievement of consequence innovation results and each unit of investment therein enhances
innovation outcome by 0.65 units. As hypothesized, training frequency is a significant positive
determinant of innovation performance (f =0. 52p=0. 52, p <0. 001) indicating the importance
of staff training from time to time. The years of experience and education level significantly
correlate with innovation performance having coefficients of 0.48 and 0.38 respectively.

The qualitative study participants were selected through purposive sampling from the chosen
Indian oil corporations; consisting of HR managers and other innovation-related staff, and
innovation chiefs. A summarization of the findings in the analysis of the qualitative data
showed the following themes.

Table 5: Key Themes Identified from Qualitative Data

Theme Description Frequency | Sample Quotes Source

Leadership and | The role of leadership in | 45% "Our leadership team continuously | Interview with

Vision promoting a culture of pushes for innovative solutions, | Innovation
innovation and making us feel empowered." Head, I0C
entrepreneurship.

Training and | Continuous skill development | 40% "The company’s investment in | Survey

Skill programs aimed at fostering employee training has helped us stay | Response,

Development innovative  thinking and updated with new technologies, | ONGC
entrepreneurial skills among which directly impacts our ability to | Employee
employees. innovate."

Cross-functional | Encouraging collaboration | 35% "Collaboration across departments | Interview with

Collaboration across different departments has brought diverse perspectives, | HR Manager,
and functions to enhance which often leads to breakthrough | BPCL
innovation. innovations."

Autonomy and | Providing employees with the | 32% "We are encouraged to take Survey

Empowerment autonomy to experiment with ownership of our ideas and have the | Response,
new ideas and entrepreneurial freedom to experiment, which is BPCL
projects. essential for fostering innovation." Employee

Resource Adequate funding and | 30% "We are given clear access to funding | Interview with

Allocation resources dedicated to for innovative projects, which enables | Innovation
innovation projects, with clear us to explore new technologies | Lead, ONGC
processes for resource without worrying about immediate
allocation. cost implications."

Organizational Creating a culture that | 28% "The company culture here is very | Survey

Culture promotes  creativity,  risk- innovation-focused. We are | Response,
taking, and entrepreneurial encouraged to take risks, which is | I0C
initiatives. critical for entrepreneurship." Employee

The proportion of the target respondents who named the topics is also indicated in the table
above. Management and strategy are the factors that have the most influence on innovation
and entrepreneurship in Indian oil companies, 45 % of the respondents said. Some of the
concerns from the employees include the ways through which top management fosters
innovation through the setting of goals and the creation of new initiatives. The same goes for
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training and skill development which has been found important by 40% of the respondents.
The desire to learn and grow did it with passion: thereby, employees were able to learn
innovation and entrepreneurship. Integrative cooperation was also mentioned by some of the
participants as highly important for innovation, especially in large organizations like oil
companies that apply functional structures with silos. Notably, 32% of the responders pointed
to the issue of autonomy and empowerment pointing at the need for experimentation among
the employees. I have observed that an empowered culture was raised and affected creativity
almost weekly. Another two factors that were evaluated as embracing the development of
innovations were the distribution of resources and the organizational culture, but the
percentages of them were 30% and 28% respectively.

Quantitative interviews and questionnaires used in data collection were assessed plan with the
creation of a coding scheme to assess qualitative interviews. In answering the questions, the
use of themes and patterns was made to achieve coding.

Table 6: Coding Summary of Qualitative Data

Code Description Frequency | Percentage
o)

LD (Leadership) Leadership’s role in promoting innovation and | 90 45%
entrepreneurship.

TS (Training and Skills) Training and skill development programs for employees. 80 40%

CF (Cross-functional | Cross-department collaboration for innovation. 70 35%

Work)

AU (Autonomy) Employee autonomy in pursuing entrepreneurial activities. 64 32%

RA (Resource Allocation) Resource allocation to innovation projects. 60 30%

oC (Organizational | Culture promoting creativity, risk-taking, and | 56 28%

Culture) entrepreneurship.

Table 6 below shows the summary of the coding quality in which each theme has a unique
code. The most frequent code was Leadership (LD) which supported the notion that leadership
is the major determinant of innovation in Indian oil firms. Training and Skills (TS) came
second with 40 % of the reply acknowledging the need to upgrade the worker skills.

This research established that human capital is the key factor that influences innovation and
entrepreneurship within Indian oil firms. The quantitative research revealed that there was a
significant correlation between the training, development, and acquisition of skills of the staff
and innovative results. Such human capital and innovation performance were closely related
0. 68 and it was found to be positively correlated and to a significant degree, 0.690 proving
the close relation. As shown above, it also means that, as organizations spend on staff training,
there can be improvements in their innovation.

Hypothesis one was supported by a regression study whereby human capital enhanced
innovation. Superior technical skills, problem-solving ability, and leadership qualities enabled
the employees to build more entrepreneurial ventures that resulted in new businesses, products,
and improvements in organizational processes (Kowalski, 2018). Such outcomes accentuate
the need for and importance of pursuing and updating one’s professional competency,
particularly in areas of module undergoing rapid developments and requiring many resources
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such as the oil and gas sector (Majumdar, 2016).

Organizational culture was mentioned by HR managers and innovation leaders in qualitative
interviews as a requisite for innovation (Mitra, 2019). Enterpriser reveals that companies with
highly collaborated and open structures perform better. In its questions, employees also
acknowledged that leadership and cross-organizational training encouraged ideas and
innovative implementation in carrying out activities beyond the employee’s official duties or
role (Kolte, 2023).

9. Conclusions

This research focuses more on the importance of human capital in enhancing the nature of
innovation and firm start in Indian oil firms. The studies show that HIHC is positively and
significantly related to innovation outcomes with concerned investment. The competencies,
training as well and professional development of the employees as indicated very vital in
driving the growth of a culture that supports innovation and encourages entrepreneurial
activities. Studies show that there is a significant correlation between the effectiveness of
human capital development in terms of training, leadership development and skill
development, and innovation and entrepreneurship. These programs help not only in
increasing the capabilities of the employees but also in increasing the engagement and
productivity of the employees which results in a better implementation of these innovations
that are being put forward. The results of the study also support the hypothesis that one must
link human capital management initiatives to innovation objectives to rein from investments.
Companies involved in the Indian oil industry that manage to cultivate their talent pool to cater
to the innovation requirements register higher competitiveness within the market space.

9.1 Limitations of the Study
While the study provides valuable insights, several limitations need to be acknowledged:

> While the employees surveyed are 600, it could be deemed a relatively large sample
size, but it may not offer the complete picture of the entire Indian oil industry especially some
of the upcoming players in the market or selective sectors.

> The study mainly considers large Indian oil companies such as ONGC, and Indian Oil
Corporation and hence may not include small firms and those in specific regions.

> Some of the methods used in this study like Interviews and surveys though effective
are often influenced by the subjectivity of the respondent in regards to human capital and
innovation.

> This research is focused on the Indian oil industry only, and hence the findings of this
study may not be generalized to other industries especially those that may be characterized by
a different innovation environment.

The following restrictions could be overcome in future research to enhance the understanding
of HC and innovation nexus.
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9.2 Recommendations for Future Research
To build on the findings of this study, several avenues for future research are recommended:

> Future Cross-Sectoral Studies Cross-Sectoral Studies could elaborate on how human
capital contributes to the innovation of other industries including technology, pharmaceuticals,
or manufacturing industries to find similarities and differences between the financial and the
respective industries.

> Further Extensions Forging comparisons or having a more nuanced look at India by
having regional comparisons or subnational comparisons may give more value-added
information regarding the role of human capital in the indicated economic contexts.

> Longitudinal Studies a longitudinal study that examines the HC investment, and its
effects in the long run especially in innovation and entrepreneurship success would be
insightful.

> Technological Disruption Based on the rising significance of digital change and
automation in oil companies, research could examine how technological disruptions affect
human capital and innovation.

> Exploring Measurement of Specific Human Capital Development Programmes Future
research may further investigate the effectiveness of particular types of HCA initiatives, for
instance, innovation laboratories, leadership training, or implementing cross-functional teams.

Thus, the mentioned areas may be elaborated in subsequent studies to offer a deeper insight
into human capital's impact on innovation and entrepreneurship in the oil industry and other
sectors and countries.
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