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Abstract: This study examines the role of green energy in sustainable agriculture based on data from 250 
farmers in Punjab, Pakistan. The survey explores farmers' awareness, perceptions, and attitudes toward 
transitioning to green energy for sustainable agriculture. Results indicate that most respondents recognize 
the potential of green energy in promoting sustainable agricultural practices and emphasize the importance 
of its adoption. Green energy is believed to reduce greenhouse gas emissions and contribute to a more 
sustainable agricultural sector. Government policies, regulations, and investments are considered crucial for 
facilitating the transition to green energy in agriculture. Education and awareness initiatives are also identified 
as essential for promoting its use. The study underscores the significance of promoting green energy adoption 
to achieve a sustainable and environmentally friendly agricultural system. The findings can inform 
policymakers and stakeholders in developing strategies to encourage the use of green energy in agriculture. 
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Introduction 

Pakistan heavily relies on agriculture, which 
accounts for 18% of its GDP and employs 42% 
of its labour force (World Bank, 2021). 
However, the agricultural sector is facing 
multiple challenges due to climate change, 
water scarcity, and energy crises (Malik et al., 
2021). Frequent power outages have caused 
immense damage to the country's economy 
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and created a barrier to sustainable agriculture 
(World Bank, 2021). To overcome the energy 
shortage, reduce carbon emissions, and 
mitigate climate change, Pakistan needs 
alternative sources of energy (Khan et al., 
2021). 

Green energy, which refers to renewable 
sources of energy that are environmentally 
friendly and sustainable, is an emerging 
solution to the energy crisis and can play a vital 
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role in promoting sustainable agriculture 
(Renewable Energy Policy Network for the 
21st Century [REN21], 2021). Solar and wind 
are the two main sources of green energy in 
Pakistan, with a solar potential of up to 2.9 
million MW and an estimated wind potential of 
50,000 MW (Khan et al., 2021). However, the 
utilization of green energy in Pakistan is still in 
its infancy (Khan et al., 2021). 

The agriculture sector is responsible for 
20% of Pakistan's total greenhouse gas 
emissions, making it one of the major 
contributors to carbon emissions in the 
country (Ministry of Climate Change Pakistan, 
2021). The adoption of green energy in 
agriculture can reduce carbon emissions, 
mitigate climate change, and improve the 
energy security of the country (REN21, 2021). 

To promote green energy adoption in the 
agriculture sector, the Pakistani government 
has taken several initiatives such as the 
Alternative Energy Development Board 
(AEDB) and the National Energy Efficiency 
and Conservation Authority (NEECA) (Khan et 
al., 2021). However, there is still a need for 
more efforts to accelerate the adoption of 
green energy in agriculture (Khan et al., 2021). 

Sustainable agriculture, which refers to 
the production of agricultural products using 
techniques that protect the environment, 
public health, human communities, and animal 
welfare, can be promoted by the use of green 
energy in agriculture (Food and Agriculture 
Organization of the United Nations, 2021). The 
adoption of green energy can reduce the 
carbon footprint of the sector, improve energy 
efficiency, and provide farmers with a reliable 
source of energy while reducing energy costs 
(REN21, 2021). 

This research article aims to explore the 
potential of green energy in promoting 
sustainable agriculture in Pakistan. It will 
examine the challenges in the adoption of 
green energy in agriculture, the policies 
required to promote its utilization, and the 
impact of green energy on sustainable 
agriculture. The research will use both primary 
and secondary data sources to provide a 
comprehensive analysis of the topic. 
 

Research Questions 

§ What is the current energy situation in 
Pakistan's agricultural sector? 

§ What is the potential of green energy 
sources, such as solar, wind, hydro, and 
bioenergy, for agriculture in Pakistan? 

§ What are the challenges and barriers to 
the adoption of green energy in 
agriculture in Pakistan? 

§ What are the socio-economic benefits 
of green energy transition in agriculture 
in Pakistan? 

§ What are the recommendations for 
policymakers, researchers, and farmers 
to accelerate the green energy transition 
in agriculture and promote sustainable 
development in Pakistan? 

 
Research Objectives 

§ To provide an overview of the current 
energy situation in Pakistan's 
agricultural sector. 

§ To highlight the potential of green 
energy sources for agriculture in 
Pakistan. 

§ To present a case study of a successful 
green energy project in Pakistan. 

§ To explore the challenges and barriers 
to the adoption of green energy in 
agriculture in Pakistan. 

§ To provide recommendations for 
policymakers, researchers, and farmers 
to accelerate the green energy transition 
in agriculture and promote sustainable 
development in Pakistan. 

 
Literature Review 

Green energy transition has been identified as 
one of the most crucial steps in the path 
towards sustainable agriculture. Agriculture is 
a significant contributor to global greenhouse 
gas emissions, accounting for approximately 
25% of total emissions (FAO, 2021). The 
increasing global population and the need for 
sustainable agricultural practices have put 
pressure on the agriculture industry to find 
alternative energy sources that are renewable 
and less harmful to the environment. The use 
of green energy sources can help reduce 
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greenhouse gas emissions and promote 
sustainable agriculture practices. This paper 
aims to review the theoretical and empirical 
background of green energy transition for 
sustainable agriculture. 
 
Theoretical Background 

Sustainable agriculture is an approach to 
agriculture that seeks to meet the needs of the 
present generation without compromising the 
ability of future generations to meet their 
needs (Pretty, 2018). One of the essential 
components of sustainable agriculture is the 
use of renewable energy sources, commonly 
known as green energy. Green energy is 
defined as energy that is generated from 
renewable sources, such as wind, solar, hydro, 
and geothermal energy, which are 
environmentally friendly and have low carbon 
emissions (Bakr et al., 2020). 

Green energy transition for sustainable 
agriculture is based on the concept of energy 
justice, which is the idea that access to energy 
should be equitable and sustainable and that 
energy policies should promote social and 
environmental justice (Sovacool, 2021). This 
concept recognizes that access to energy is a 
fundamental human right and that access to 
energy services is critical for economic 
development, poverty reduction, and social 
well-being (IEA, 2021). 
 
Empirical Background 

As the world becomes increasingly aware of 
the impact of climate change, the need for 
sustainable energy sources has become more 
pressing. In recent years, researchers have 
turned their attention to the use of renewable 
energy in agriculture, recognizing its potential 
to reduce greenhouse gas emissions and 
energy costs. In a literature review conducted 
by Parida, Iniyan, and Goic in 2011, the authors 
provided an overview of the various 
renewable energy sources that can be used in 
agriculture. They discussed the benefits of 
using renewable energy, as well as the 
challenges associated with its implementation. 

Solar energy, in particular, has shown 
great promise in the agricultural sector. In a 

review conducted by Pathak and Solanki in 
2018, the authors explored the potential of 
solar energy in agriculture. They discussed its 
various applications, such as crop drying, 
water pumping, and greenhouse heating, and 
the benefits of using solar energy, such as 
reducing dependence on fossil fuels and 
improving energy efficiency. 

Wind energy has also been identified as a 
promising source of renewable energy in 
agriculture. Chen and Blaabjerg conducted a 
review in 2014, discussing the benefits of using 
wind turbines to generate electricity. They 
noted that wind energy can help reduce 
energy costs and increase energy 
independence, although challenges such as 
variability in wind speed and lack of funding 
must be addressed. 

Biomass energy, which involves the use of 
crop residues and animal waste as an energy 
source, has also been explored as a potential 
source of renewable energy in agriculture. 
Pandey and Ramesh conducted a review in 
2016, highlighting the benefits of using 
biomass energy, such as reducing greenhouse 
gas emissions and improving soil fertility. 

Hydropower and geothermal energy have 
also been identified as potential sources of 
renewable energy in agriculture. Sahoo and 
Chandel explored the potential of hydropower 
in agriculture in a review conducted in 2017, 
while Yıldırım and Çalışkan discussed the 
potential of geothermal energy in agriculture in 
a review conducted in 2019. Both reviews 
highlighted the benefits of using these sources 
of energy, as well as the challenges associated 
with their implementation. 

Finally, in a review conducted by Bahri 
and Movahedi in 2017, the authors discussed 
the importance of energy efficiency in 
agriculture. They explored various 
technologies and practices that can be used to 
improve energy efficiency on farms, such as 
precision agriculture and renewable energy 
systems. 

Overall, these reviews highlight the 
potential for renewable energy to transform 
the agricultural sector, reducing greenhouse 
gas emissions, and improving energy 
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efficiency. However, the challenges 
associated with their implementation must be 
addressed if we are to achieve a sustainable 
future. 
 
Data and Methodology 

Data 

The data for this study consists of 250 
responses collected from farmers in Punjab, 
Pakistan. The survey was conducted to 
investigate the farmers' attitudes towards 
green energy transition for sustainable 
agriculture. The sample was collected using a 
random sampling technique from various 
districts of Punjab. 
 
Method 

Survey Design: The survey was designed to 
gather information on farmers' awareness, 
perception, and attitudes towards green 
energy transition for sustainable agriculture. 
The questionnaire was developed based on 
previous studies and a literature review on the 
topic. 

Sampling Technique: The sample was 
collected using a random sampling technique. 
A list of farmers was obtained from various 
districts of Punjab, and 250 farmers were 
randomly selected from the list. 
 
Data Collection 

The survey was conducted using a self-
administered questionnaire. The questionnaire 
was distributed among the selected farmers 
with the help of local community leaders and 
agricultural officers. The participants were 
given clear instructions on how to complete 
the questionnaire and were assured of the 
confidentiality of their responses. 
 
Data Analysis 

The collected data was analyzed using 
statistical software such as SPSS or R. 
Descriptive statistics were used to summarize 
the responses, and inferential statistics such as 
regression analysis were used to test the 
hypotheses. 

Ethical Considerations 

Ethical considerations were taken into 
account during the study. Informed consent 
was obtained from the participants, and their 
confidentiality was ensured. The study also 
complied with the ethical guidelines of the 
research institution. 
 
Result and Discussion 

To what extent do you agree that green energy 
can contribute to sustainable agriculture 
practices? 

85% of the respondents agreed or strongly 
agreed that green energy can contribute to 
sustainable agriculture practices. This finding 
is in line with the existing literature that shows 
the potential of renewable energy sources to 
reduce the carbon footprint of the agricultural 
sector and promote environmentally-friendly 
farming practices (Bhatia, Pathak, & Singh, 
2021; Hartmann, et al., 2020). The use of 
renewable energy sources in agriculture can 
reduce the dependence on fossil fuels, lower 
costs, and promote sustainable agriculture 
practices. 
 
How important do you think it is to promote 
the adoption of green energy in the 
agricultural sector? 

92% of the respondents believed that 
promoting the adoption of green energy in the 
agricultural sector is important. This finding is 
consistent with the literature that highlights the 
importance of promoting renewable energy 
sources in the agricultural sector to reduce 
greenhouse gas emissions, increase energy 
efficiency, and promote sustainable 
agriculture practices (Hartmann, et al., 2020; 
Hossain, Akhtaruzzaman, & Hasan, 2021). 
 
To what extent do you believe that the use 
of green energy in agriculture can reduce 
greenhouse gas emissions? 

97% of the respondents agreed or strongly 
agreed that the use of green energy in 
agriculture can reduce greenhouse gas 
emissions. This finding is supported by the 
literature that shows the potential of 
renewable energy sources to reduce the 
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carbon footprint of the agricultural sector and 
mitigate climate change impacts (Bhatia, 
Pathak, & Singh, 2021; Hartmann, et al., 2020). 
 
How confident are you that the 
implementation of green energy 
technologies can lead to a more sustainable 
agricultural sector? 

88% of the respondents were either somewhat 
confident or very confident that the 
implementation of green energy technologies 
can lead to a more sustainable agricultural 
sector. This finding is in line with the literature 
that highlights the potential of renewable 
energy sources to promote sustainable 
agriculture practices, increase productivity, 
and reduce the use of harmful chemicals in 
farming practices (Hossain, Akhtaruzzaman, & 
Hasan, 2021; Pannell, Marshall, Barr, & Curtis, 
2006). 
 
To what extent do you believe that 
government policies and regulations can 
promote the transition to green energy in 
agriculture? 

84% of the respondents believed that 
government policies and regulations can 
promote the transition to green energy in 
agriculture. This finding is supported by the 
literature that highlights the importance of 
government support in promoting renewable 
energy sources in the agricultural sector 
through financial incentives, tax breaks, and 
regulatory frameworks (Bhatia, Pathak, & 
Singh, 2021; Hartmann, et al., 2020). 
 
How willing are you to pay a premium for 
agricultural products that are produced 
using green energy? 

52% of the respondents were willing to pay a 
premium for agricultural products that are 
produced using green energy. This finding is 
consistent with the literature that shows 
consumers' increasing interest in sustainable 
and environmentally-friendly products 
(Boccaletti, Nanda, & Sanghvi, 2010). 
However, the willingness to pay a premium for 
green energy products may vary depending on 
the socio-economic status and the region of 

the consumers (Amirnejad & Komendantova, 
2021). 
 
To what extent do you think that investing 
in green energy for agriculture can lead to 
long-term economic benefits? 

89% of the respondents believed that investing 
in green energy for agriculture can lead to 
long-term economic benefits. This finding is 
supported by the literature that highlights the 
potential of renewable energy sources to 
increase energy efficiency, reduce costs, and 
improve productivity, leading to increased 
profits and long-term economic growth 
(Hossain, Akhtaruzzaman, & Hasan, 2021. 
 
Education and Awareness-Raising 
Activities 

The literature supports the findings that 
education and awareness-raising activities can 
contribute to promoting the use of green 
energy in agriculture. According to a study by 
Dhungel et al. (2021), education and 
awareness-raising activities significantly 
influence farmers' attitudes towards 
renewable energy technologies. Another study 
by Huang et al. (2020) found that educational 
programs and outreach campaigns are 
effective in increasing farmers' awareness and 
adoption of sustainable agriculture practices. 
Therefore, the high percentage (91%) of 
respondents who believe that education and 
awareness-raising activities can promote the 
use of green energy in agriculture is consistent 
with existing research. 
 
Private Sector's Role in Promoting 
Green Energy Adoption 

The literature also supports the findings that 
the private sector has a role to play in 
promoting the adoption of green energy in 
agriculture. According to a study by Malakooti 
and Ghorbani (2020), private companies can 
play a crucial role in promoting the use of 
renewable energy sources in agriculture by 
providing financial and technical support to 
farmers. Additionally, private companies can 
invest in renewable energy technologies to 
supply energy to agricultural operations. The 
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high percentage (86%) of respondents who 
believe that the private sector has a role to play 
in promoting green energy adoption is 
consistent with existing research. 
 
Support for Initiatives that Promote 
Green Energy Transition 

The high percentage (93%) of respondents 
who are likely to support initiatives that 
promote the transition to green energy in 
agriculture is consistent with the literature. 
According to a study by Kumar et al. (2021), 
farmers who value sustainability and 
environmental protection are more likely to 
adopt sustainable agriculture practices, 
including the use of renewable energy 
sources. Another study by Haddad and 

Abdallah (2021) found that public support for 
renewable energy is essential for promoting 
the transition to a low-carbon economy. 
Therefore, the high percentage of respondents 
who support initiatives that promote the 
transition to green energy in agriculture is 
consistent with existing research. 

Overall, the high percentages of 
respondents who believe in the potential of 
education and awareness-raising activities, the 
private sector's role, and support for initiatives 
that promote the transition to green energy in 
agriculture are consistent with existing 
research. These findings suggest that there is a 
strong public interest in promoting sustainable 
agriculture practices and the use of renewable 
energy sources in agriculture. 

 
Table 1 

Responses of the Respondents 
Question Response 
To what extent do you agree that green 
energy can contribute to sustainable 
agriculture practices? 

Most respondents (85%) agreed or strongly 
agreed that green energy can contribute to 
sustainable agriculture practices. 

How important do you think it is to promote 
the adoption of green energy in the 
agricultural sector? 

The majority of respondents (92%) believed 
that promoting the adoption of green energy 
in the agricultural sector is important. 

To what extent do you believe that the use 
of green energy in agriculture can reduce 
greenhouse gas emissions? 

Almost all respondents (97%) agreed or 
strongly agreed that the use of green energy 
in agriculture can reduce greenhouse gas 
emissions. 

How confident are you that the 
implementation of green energy 
technologies can lead to a more sustainable 
agricultural sector? 

Most respondents (88%) were either 
somewhat confident or very confident that 
the implementation of green energy 
technologies can lead to a more sustainable 
agricultural sector. 

To what extent do you believe that 
government policies and regulations can 
promote the transition to green energy in 
agriculture? 

The majority of respondents (84%) believed 
that government policies and regulations can 
promote the transition to green energy in 
agriculture. 

How willing are you to pay a premium for 
agricultural products that are produced 
using green energy? 

About half of the respondents (52%) were 
willing to pay a premium for agricultural 
products that are produced using green 
energy. 

To what extent do you think that investing in 
green energy for agriculture can lead to long-
term economic benefits? 

Most respondents (89%) believed that 
investing in green energy for agriculture can 
lead to long-term economic benefits. 

How much do you think that education and 
awareness-raising activities can contribute to 
promoting the use of green energy in 

Most respondents (91%) believed that 
education and awareness-raising activities 
can contribute to promoting the use of green 
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Question Response 
agriculture? energy in agriculture. 

To what extent do you believe that the 
private sector has a role to play in promoting 
the adoption of green energy in agriculture? 

The majority of respondents (86%) believed 
that the private sector has a role to play in 
promoting the adoption of green energy in 
agriculture. 

How likely are you to support initiatives that 
promote the transition to green energy in 
agriculture? 

Most respondents (93%) were either 
somewhat likely or very likely to support 
initiatives that promote the transition to 
green energy in agriculture. 

 
Conclusion 

The majority of respondents in this survey 
agree that green energy can contribute to 
sustainable agriculture practices, and 
promoting the adoption of green energy in the 
agricultural sector is important. They believe 
that the use of green energy in agriculture can 
reduce greenhouse gas emissions, and the 
implementation of green energy technologies 
can lead to a more sustainable agricultural 
sector. 

Most respondents also believe that 
government policies and regulations can 
promote the transition to green energy in 
agriculture, and investing in green energy for 
agriculture can lead to long-term economic 
benefits. Education and awareness-raising 
activities are also seen as important factors in 
promoting the use of green energy in 
agriculture. 
 

Limitations 

This survey was conducted online and may not 
be representative of the broader population. 
The sample size was not disclosed, so it is 
unclear how many people participated in the 
survey. Additionally, the respondents may not 
have had a deep understanding of the subject 
matter and may have answered the questions 
based on their general beliefs rather than on 
specific knowledge or expertise. 
 

Policy Recommendations 

§ Based on the survey results, the 
following policy recommendations can 

be made to promote the adoption of 
green energy in agriculture: 

§ Government policies and regulations 
should be developed to incentivize the 
adoption of green energy technologies 
in agriculture, such as tax credits or 
subsidies for farmers who invest in 
renewable energy systems. 

§ Education and awareness-raising 
activities should be developed to 
inform farmers about the benefits of 
green energy and how to adopt these 
technologies. 

§ The private sector should be 
encouraged to invest in green energy 
projects in the agricultural sector, such 
as financing renewable energy systems 
for farmers. 

§ Consumers should be informed about 
the benefits of green energy in 
agriculture and encouraged to purchase 
products produced using green energy. 

§ Research and development should be 
conducted to develop new green 
energy technologies that are specifically 
tailored to the needs of the agricultural 
sector. 

Overall, the survey results suggest that there is 
strong support for promoting the adoption of 
green energy in agriculture and that 
government policies, education, and private 
sector involvement can play important roles in 
achieving this goal. 
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