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Abstract: The global reliance on fossil fuels can be alleviated through green investment in
sustainable energy. This study critically analyses the effectiveness of current RE policy
instruments in attracting green investment for developing household wind turbines (HWT) in
Pakistan. The foremost purpose of the research is to evaluate the most significant policy
instruments for implementing wind technology. The study used a purposive (non-probability)
sampling approach to administer an opinion poll on energy strategy and collect data from 476
respondents (response rate 81.65%). The study used partial least squares structural equation
modeling (PLS-SEM) to test the hypotheses. The results empirically support the proposed
hypothesis, suggesting that the designated variables have a significant positive impact on
HWT adoption. The model explained 54.6% of the variation in intention (R?) and supported
H1, H3, H4, H6, and H7. However, the results did not support H2. The outcomes suggest that
Feed-in Tariffs are the most efficient strategy for attracting green investment in the country's
HWT sector. The results also indicate that Al-based good governance positively and
significantly moderates the nexus between RE policy instruments and green investment for
HWT. Regulatory authorities must prioritize energy-related policies. In both developed and
developing nations, renewable energy (RE) policies have emerged as a critical concern. The
study results offer a practical guide and key policy recommendations for energy-sector
officials, legislators, and administrative institutions to implement innovative RE strategy
tools that encourage residents to invest in green energy in Pakistan.
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1. Introduction

Over the past decade, political and economic discourse has focused on climate change and
energy issues [1]. Reliable energy resources are essential to modern life [2]. Conversely,
Pakistan faces a serious power crisis that strains the national budget [3]. Power shortages
significantly affect individuals' professional and non-professional interests [4]. Like other
developing nations, Pakistan requires immense power to sustain its large population and
industrial sector [5]. The gap between power needs and available resources has grown out of
control in recent years, and it is particularly pronounced in summer. The country experiences
severe load shedding, with urban areas facing 6 to 10 hours of power outages per day and
rural areas 12 hours [2]. In Pakistan, nonetheless, 51 million people, or 27% of the
population, lack access to electricity, and some residents lack access to clean water [6].
Pakistan's total established energy production capability was approximately 46,605 MW
(46.6 GW) by the end of May 2025. By 2030, capacity is expected to rise to 53,315 MW.
Pakistan's total RE potential is approximately 167.7 GW, exceeding the citizens' total energy
requirement [7]. The National Electric Power Regulatory Authority (NEPRA) reports thermal
plants at 25,937 MW (55.7%), hydel at 11,368 MW (24.4%), nuclear at 3,620 MW (7.8%),
and RE at 5,680 MW (12.2%), with 2,813 MW under net metering. Total power construction
for 2025 1s 69,750 GWh (169.75 TWh), based on power generation [8].

However, actual electricity generation depends on average wind speed, turbine height, and
local conditions [9]. A household wind turbine with a capacity of 2-5 kW can satisfy a
significant portion of a household's electricity requirements. At a 25% capacity factor, the
average output would be about 10,950 kWh per year. Nevertheless, a 5-kW turbine cannot
produce 5 kW continuously; it can only average 1.25 kW (5 kW x 25%) [10]. A wind turbine
can produce 1-10 kW of electricity and water-pumping capacity for a household farm. In
rural areas, households can produce 10—100 kW of electricity for workshops and farms [11].
Overall, small communities can produce 100 kW-1 MW of energy in villages for
agricultural/industrial facilities. Commercial wind turbines can produce 1-6 MW of grid
electricity, while 820 MW of grid electricity can be produced by large, modern offshore
turbines [12]. The Government of Pakistan also describes the Gharo—Keti Bandar coastal belt,
60 km wide and 180 km long, as having an estimated 50,000 MW of exploitable potential.
Currently, the southern zone's wind capacity is approximately 1.84 GW [13]. Annual wind
energy generation depends on turbine size and specific household use. For lighting and
electronics, the potential annual generation is (0.5 kW ~400—1,000 kWh/year). However, this
turbine size can produce (1 kW ~800-2,000 kWh/year) for basic household loads. If you
increase the turbine size to 3 kW, it can produce (~2,500—6,000 kWh/year) to support a
significant household. Similarly, a 5-kW turbine (~4,000-10,000 kWh/year) suits large
households and small farms, while a 10-kW turbine (~8,000-20,000 kWh/year) can generate
energy for large homes, farms, and businesses [14].

By the end of May 2026, the national energy composition will include 121,691 GWh of total
power generated throughout the financial year 2025-26. This figure includes 32%
hydroelectric, 57% thermal, 8% nuclear, and 3% RE [15]. The country's normal energy need
is 17,000 MW; however, the actual energy production is 14,000 MW in any period.
Consequently, the administration faces an average deficit of 3,000 MW, which may rise to
5,200 MW in summer. The alternative RE policy sets clear objectives, including a 20% share
of the energy mix by 2026 and 30% by 2030 [16]. To achieve sustainable economic growth
in Pakistan, Pakistan must replace conventional energy generation methods with RE
resources [17]. Pakistan's energy consumption (kWh per head) is 892, according to the Asian
Development Bank. It is expected to grow at a compound annual growth rate (CAGR) of
5.8% by 2030 [18]. At present, the country's primary energy source is fossil fuels. Inadequate



policies have kept RE's share of the overall energy mix small. The national economy cannot
support heavy dependence on fossil fuels. Therefore, to address the energy crisis effectively,
the government must establish a new energy strategy that effectively employs RE resources,
including biogas and wind. Pakistan possesses extensive wind power potential. Effective
policy incentives, a strong market base, research facilities, and its tropical geography can help
address the country's energy crisis [19].

Currently, the administration relies on 67% non-renewable sources to meet power needs, a
share increasing by 10% per annum [20]. Pakistan's RE sector is negligible, contributing only
0.5% of the country's energy requirements. By the end of 2025, global wind energy installed
capacity reached 1,299 GW [21]. Pakistan's geography offers abundant potential for all
categories of RE resources, including wind power, with an estimated potential of nearly 81
million tons per year [22]. Fortunately, this is the case. Wind energy can significantly impact
the country's economy by generating low-cost energy through wind turbines and combustion
technologies. In Pakistan, the wind resource is 5.5 Wh m-2 d-1. In the seaside zones of
Baluchistan and Sindh, wind speed is 5-7 m s-1, and wind power potential exceeds 20,000
MW [23]. The average monthly wind intensity in Pakistan ranges from 136.05 to 287.36
W/m2. However, the practical wind radiation intensity exceeds 200 W/m2. Pakistan can
generate 45SMW to 83MW of energy per month from 100 m2 in the areas [24]. This
investigation examines four RE strategy mechanisms designed to encourage residents to
install wind power. The policy mechanisms comprise renewable portfolio standards (RPS),
Feed-in Tariffs (FIT), fiscal measures (FM) or tax incentives, and emissions trading schemes
(ETS) to encourage Pakistani residents to invest in the wind energy sector.

The literature has a gap regarding RE policy mechanisms. Pakistan's large population and
industrial growth have exacerbated the gap between energy supply and demand. The RE
sector in Pakistan has predominantly been deficient in the following areas: (i) RE generation
sources, (i1) advanced energy sector directions, (iii) arguments and wind energy introduction,
(iv) a comprehensive energy sector evaluation, (v) energy mix, and (vi) the demand and
supply gap of the alternative energy sector. Although previous research has examined the
wind energy sector [25-27], it has identified gaps. These gaps include (i) the effective use of
existing policy tools and the adoption of new RE policy methods to encourage residents by
providing tax inducements for RE investment. (i1) the policy gap can be addressed by
incorporating new apparatuses into the current policy to entice resident stockholders in the
wind energy segment of Pakistan, with a particular emphasis on HWT; (iii) sophisticated and
operative policy apparatuses, for example, contemporary FIT, tax inducements for HWT, and
RPS, are necessary to attract residents in the household wind energy part on a global scale;
(iv) the country necessitates green outlay through the investigation of RE strategy and policy
tools. We use a quantitative method to test the hypotheses that RE policy instruments
correlate with green investment in the current study. This investigation is divided into
numerous sections. This study addresses the following gaps in the literature: scrutinizing
cost-benefit analysis with practical considerations to encourage the adoption of wind
technology through domestic wind turbines in Pakistan; and highlighting installation and
operational barriers to encourage residents to adopt HWT. This study used a non-probability
(purposive) sampling procedure to select respondents. The study collected evidence to
achieve its objectives through surveys using quantitative data-collection methods. The study
used PLS-SEM to analyze the collected data.

Furthermore, this investigation anticipates the administration of agreements among
municipalities, government agencies, and wind technology and RE technology investors,



particularly in HWT [28]. This policy typically provides producers with long-term contracts
lasting 15 to 20 years. It also addresses advanced renewable tariffs and RE payments for RE
expertise. FIT further encourages RE by subsidizing RE prices, reducing the cost of exporting
generated energy, and funding any required electrical infrastructure upgrades [29]. This
policy method can attract investment in RE initiatives. FM suggests that RE is positively and
significantly influenced, particularly in HWT [30]. RPS strategies efficiently boost wind
power production in the United States [31]. ETS aims to reduce carbon emissions by setting
up a cap and using a market for tradable emission permits. Energy production payments
(EPP), Tendering (TEND), and other policy instruments in Europe suggest that interaction
with ETS is adversely associated with ETS, contingent on the reduction prices of numerous
knowledge and the carbon emission constraint. ETS policy can significantly increase access
to RE sources. ETS policy tools occasionally reduce the efficiency of EPP and TEND.
Established on this confirmation, this research elected these four policy tools.

This study examines the substantial impacts of RE policies on the sustainability of domestic
wind energy in Pakistan. It will also highlight the obstacles that must be overcome to attract
investment in the wind technology sector and promote sustainable green technology. This
investigation aims to reduce energy costs by categorizing and evaluating how policy
instruments are implemented and how well they perform. Additionally, this analysis
evaluates the efficiency of green power, with particular emphasis on domestic wind turbine
technology, to address this knowledge gap. Accordingly, this analysis aims to identify and
explain the most significant policy obstacles that impede residents' awareness of and adoption
of wind technology. This study examines wind energy use and the key policy instruments for
residents in Pakistan. This research assesses the key characteristics of household wind energy
resources in Pakistan to support the continued development and maintenance of wind
technology. This research aims to encourage rural Pakistanis to adopt household wind
technology for household and commercial use by highlighting Pakistan's wind energy
potential and promoting green energy. Residents in the study area prioritized wind turbines
over advanced agricultural techniques, reflecting their preferred worldview. Conversely, the
biggest obstacle to domestic wind energy adoption is the slow adoption rate, driven by a lack
of awareness. This study is primarily driven by energy conservation and development-based
motives for adopting HWT facilities [32]. The results suggest that Pakistan's transparent and
affordable strategy significantly and positively motivates residents to implement household
wind energy. This study's findings will benefit non-legislative administrations, practitioners,
policymakers, and organizations working to optimize inefficient processes.

The research is divided into several sections: the second section presents "Formulation of
hypotheses," the 3rd section presents "Research methodology," the fourth section presents
"Statistical analysis and empirical results,” and the fifth section presents "Discussion and
implications." Finally, the sixth section presents the "Conclusions and recommendations."

2. Formulation of Hypotheses

2.1. Emission trading scheme and green technology investment in wind turbines

The ETS scheme, which regulates emissions trading ("cap and trade" or adjustment
exchange) and RE production and consumption, is a market-based method for cost-
effectively reducing greenhouse gas emissions and pollution. Empirical evidence shows that
investment in RE is positively influenced by the ETS and RE certificates (R.E.C.),
particularly in the wind region [33]. The ETS has two basic elements: a pollution boundary
and tradable payments corresponding to the boundary (identifiable emissions property). It
enables the purchase and sale of glasshouse gas emissions, reducing costs and providing



economic encouragement. Previous research shows that ETS does not have a statistically
significant impact on residents' attraction at full intensity, but it is strongly correlated with
HWT. Previous studies show that adopting wind energy and subsidies significantly and
positively increases residents' awareness and empowers them in society. Empirical evidence
shows that ETS and R.E.C. strongly affect savings in RE, particularly in wind regions [34].
These studies support the feasibility of wind energy pathways for pastoral populations. The
coevolution of the technological and social sectors catalyzed the HWT innovation process.
The technical and social sectors coevolve during the household wind energy innovation
process. To attract residents to produce energy at low cost, Pakistan's HWT sector must
implement ETS. ETS serves as a source of RE production, and its proceeds fund operations.
ETS also covers administrative outlays and utilization, which has attracted investment from
the Chinese government and helps mitigate economic losses [33].

This theoretical argument posits that ETS can improve innovative residents' activities using
wind technology. Previous studies have empirically validated this relationship and reported a
positive association between low-cost wind technology and residents' innovation. The ETS is
designed to reduce carbon emissions by setting an emissions cap and facilitating the trading
of emission permits. In Europe, other policy mechanisms interact with the ETS. The energy
production payment (EPP) and Tendering (TEND) are closely linked to the ETS, depending
on the reduction price of several expertise and the carbon-emissions boundary. ETS policy
instruments can expand renewable energy sources [35]. Household wind energy is a critical
energy source for households; it is a byproduct of other readily accessible operations and can
empower residents [36]. These studies corroborate this hypothesis. Wind energy is a viable
solution to these energy and ecological concerns, particularly for developing countries. In
addition, implementing HWT has a beneficial and substantial effect on income, residents'
empowerment, and agricultural yields, while it has a detrimental effect on fuelwood costs and
collection time [37]. We have developed a hypothesis based on a substantial body of
evidence. Consequently, we recommend the following hypothesis.

Hypothesis 1 (H1): There is a positive correlation between ETS and green technology
investment in wind turbines (GTIWT)

2.2. Fiscal measures and GTIWT

To encourage investment in real estate, the administration funds one-time investment costs,
fully or partly. FM supports real estate funds through tax declines. To implement the green
path, the authority must fund commercial and statutory support, demonstrate strong
diplomatic commitment, and address the mandate-source imbalance by supplying energy
from thermal energy production [38]. Literature supports the hypothesis for this investigation.
Some relatives are more closely associated with rural families and substantially influence
their adoption of HWT, unlike friends and other relatives. FM or tax inducements suggest a
positive and substantial influence on Pakistan's HWT schemes and complementary power
strategies among resident shareholders. Pakistani residents are drawn to carbon taxes and
emissions trading as carbon evaluation mechanisms. FM has an explicit and substantial effect
on RE proposals, specifically HWT, when local investors use tax incentives [39]. This
theoretical argument suggests that FM can enhance innovative residents' activities using wind
technology. Prior studies have empirically supported this relationship, reporting a positive
correlation between residential wind energy innovation and low-cost technology. Export
diversification and RE can improve load capacity while preserving environmental conditions
[40].

Pakistan faces strategic challenges in the real estate sector, creating uncertainty among
remote and local stakeholders about investment decisions. To address these concerns,



resident investors need financial and tax incentives. FM promotes ecological objectives, is
profitable, and focuses on tax policy. Other financial instruments also support environmental
objectives by complementing one another [30]. Carbon taxes on wind and geothermal energy
are among the most common ways to protect the natural environment from harmful activities
and shift them toward cleaner energy sources [41]. Modifications to fiscal plans in power
plans will expand proceeds charges and restore tax proceeds to residents [42]. These
investigations support this hypothesis. These prior investigations provide corroborating
evidence. This substantial evidence supports this hypothesis. Highlighting technology is a
low-cost approach that encourages the use of clean, cost-effective renewable energy sources
to improve wind turbine performance and facilitate their widespread implementation in
Punjab, Pakistan. Investment capital will increase because of increased excitement and
perceived feasibility of RE initiatives for residents [43]. Constructed on these findings, we
formulated the second assumption as follows.

Hypothesis 2 (H2): There is a significant correlation between FM and GTIWT

2.3. Renewable portfolio standard and GTIWT

The RPS mechanism mandates that electricity companies utilize renewable energy resources
and generate a specific percentage of electricity. Overall electricity capacity has increased by
one-third because of RPS, and wind capacity remains significantly positive. Consistent
estimates show the most substantial effect. RPS is either negligible or severely negative for
wind power [44]. Prior research has empirically validated this relationship. Accordingly,
based on the theoretical justification and corroborating findings from prior research, we
propose the following hypothesis: the RPS policy tool has an optimistic impact on reducing
outlay risk and increasing cumulative returns for residents when appropriately implemented
in HWT. Regrettably, Pakistan does not currently implement RPS [45]. RPS can attract
GTIWT interest in the RE zone globally [46]. To achieve these ambitious objectives,
Pakistan needs policy instruments. Drawing on the literature, we propose a hypothesis for this
investigation. To pursue a green pathway, the government must close the demand-supply gap
through wind power generation, which requires strong financial, legislative, and political
commitments [47]. Developed countries primarily use this policy instrument to attract local
investors to the wind energy sector. However, developing countries such as Pakistan also
need to implement it. Empirical evidence from various studies shows that RPS obligations
effectively promote investment in RE. These findings corroborate this hypothesis. These
prior investigations provide corroborating evidence. This third hypothesis is based on
substantial evidence.

The research suggests that RPS obligations have a substantial, positive impact on energy
generation, particularly on wind energy development in European states [48]. RPS strategies
efficiently advance wind power production in the United States (del Rio and Bleda, 2012).
RPS and RE policy reforms effectively promote wind energy and wind energy production in
China [31]. RPS strategies can be more efficient when linked with carbon-assessing rules, as
these plans restrain electricity generation from established fossil fuel resources.
Implementing wind energy for economic and social advancement can incentivize rural
residents to participate in innovative initiatives. Residents are increasingly aware of the
benefits of adopting HWT, so they seek solutions that reduce energy costs. According to this
theoretical argument, wind technology can support innovative domestic wind energy
activities. Implementing these policies can promote the expansion of alternative power
expertise, growth, and incentives [49]. Commercial expansion, growth, monetary extension,
and farming affect CO2 positively, whereas RE use affects CO2 emissions negatively [50].
The 3rd hypothesis is recommended because of the preceding discussion.



Hypothesis 3 (H3): There is a significant correlation between RPS and GTIWT

2.4. Feed-in-Tariff

A FIT is a policy instrument that is intended to encourage investment in renewable energy
sources. It compensates small-scale wind energy or HWT producers at a premium over the
market rate for the energy they supply to the grid. These policies aim to stabilize and regulate
RE prices [51]. This mechanism pays the renewable energy producer. Empirical findings,
particularly in the biomass and wind subsector, show that FIT is substantially and positively
correlated with total GTIWT attraction [52]. This analysis assesses the effectiveness of RE
policy mechanisms in attracting GTIWT in developing nations such as Pakistan. FIT has a
beneficial impact on the per-capita volume of photovoltaic capacity a nation adds annually.
The information understates the potential impact of FIT, as a well-designed FIT can have a
much stronger effect than the common FIT currently used. The efficacy of a well-made FIT
can be seven times greater than the impact of FIT. When FIT tariffs are low, regularity
substantially affects its efficiency [53]. The investigation shows that FIT has a substantial,
positive influence on a variety of economic indicators, particularly in wind power. Economic
growth is positively correlated with RE production capacity. RE production strategies can
improve attractiveness to foreign investment [54]. Pakistan established an FIT strategy to
foster renewable energy development and overcome the supply-demand gap. Pakistan failed
to achieve its desired results because it implemented the FIT strategy poorly in the RE
division. The FIT policy failed to foster a competitive environment among management, the
private sector, and Pakistan's residents in electricity production [55].

To establish sustainable regulatory conditions and financial incentives for HWT expansion,
Pakistan must revise its FIT plan. Common methods for reducing RE investment risk and
increasing returns include RPS, auctions, and FIT. The FIT strategy mechanism is more
effective at inviting residents' investment in HWT because of its long-term agreement. The
Chinese government encourages RE investment through tax incentives and monetary
subsidies; however, tax incentives have a stronger effect. The primary driver is the Chinese
government's subsidies for developing micro, minor, and middle-sized RE companies and
residents [56]. Practical assessments show that the FIT program increases returns and
productivity. The FIT strategy is more advantageous for households in enhancing inventory
turnover. The FIT plan instrument has been demonstrated to mitigate the benefits deficit.
Regional programs can influence RE utilization, globalization, and economic growth, and
they can substantially affect CO2 emissions. In 2011, China implemented FIT policies to
encourage wind power utilization[57]. FIT strategies aim to reduce RE costs by promoting
green technology adoption and accelerating circulation. Under the FIT mechanism, the
administration secures green power and sets a price above the market price. Established on
the claims, we propose the 4™ assumption.

Hypothesis 4 (H4): There is a positive association between FIT and GTIWT

2.5. The moderating role of Al-based awareness of good governance (AIAGG)

Al cognizance is a condition of good governance. The complementarity between these factors
has a negative effect on CO2 emissions in the economic sector and on administrative and
organizational control. By using Al-based awareness to develop the financial industry, carbon
emissions can be reduced through effective political and institutional governance [58]. To
improve the impact and output of RE deliverers, they must continually develop and maintain
their professional skills. This study requires implementing Al-based guidelines and good
governance [59]. To address the energy crisis and attract GTIWT, Pakistan must implement
Al-based good governance across all segments of life, with particular emphasis on the



renewable energy sector. Rule of law is the governance indicator associated with green
growth that has the highest maximum criterion value and is of paramount importance in
Pakistan. Al-based good governance can significantly contribute to achieving environmental
sustainability goals. By using all governance indicators, politicians and corporations can
understand the significance of ISO 14001 accreditation in promoting environmental
preparedness in Pakistan [60]. Good governance is a key issue amid biased, national, and
reserve-based disputes, even as the country faces internal and external challenges. Pakistan
has focused on four categories of indicators: corruption suppression, inequality, deprivation,
and discrimination. Taking these indicators seriously will significantly contribute to
establishing good governance in the nation. Pakistan and Germany are currently engaged in
RE plans. Good control supports the link between waste disposal, environmental degradation,
and RE; however, the relationship between investment and environmental deprivation is
weak [61].

Additionally, we examine the efficacy of GTIWT in the RE segment in relation to policy
instruments. After a thorough literature review, we identified several specific research gaps.
The effective utilization of current policy instruments and the implementation of new RE
policy tools to attract local depositors by providing them with tax inducements for RE
investment. The strategy gap is the need to introduce new instruments into the current plan to
invite overseas stakeholders into Pakistan's RE segment, with particular emphasis on HWT.
The RE sector requires sophisticated, efficient strategy mechanisms, such as recent FITs, tax
inducements for HWT, and RPS, to attract investment worldwide. By analyzing RE strategy
and policy mechanisms, the nation can attract green investment. Figure 1 illustrates the
correlation between all parameters and green investment. As a conclusion of the preceding
argument, we propose the fifth assumption.

Hypothesis 5 (H5): Moderating role of AIAGG between IDGE and GTIWT

Hypothesis 6 (H6): Direct role of IDGE and GTIWT
Hypothesis 7 (H7): Direct role of AIAGG and GTIWT
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3. Research Methodology

The present survey used purposive sampling, a non-probability approach, to gather data and
engage energy policy researchers and GTIWT experts in the HWT sector to promote
sustainable development. To reach our sample energy policymakers, energy economists, and
energy policy researchers, we used four policy instruments and purposive sampling. To
accomplish this objective, we implemented the survey from November 2025 to January 2026.
The researchers obtained responses through both open-ended and closed-ended
questionnaires. The authors made a considerable effort to distribute the questionnaires in
person. Purposive sampling is important for evaluating the entire population and for
generalizability [62]. This study aims to assess the effectiveness of RE policy tools in
attracting GTIWT and to investigate how Al-based good governance and economic funding
moderate the relationship between RE strategy methods and GTIWT in Pakistan. The
following criteria were used to select the respondents: (i) respondents are from a variety of
regions with a wide range of fields. We categorized respondents by sector and gender:
government policymakers (106), energy economists (141), energy policy researchers (105),
and energy policymakers (121) (see Appendix A). We considered relevant experience, and
the minimum qualification level for respondents was the undergraduate level. We used these
criteria to select respondents with diverse cultures, behaviors, and backgrounds. Accordingly,
the sample size chosen for this study is significant, and the results are substantial and
beneficial because they reflect the respondents' diverse characteristics [63].

Respondents were selected based on their level of interest in the research topic and
objectives. Participants needed a strong understanding of, or experience with, wind
technology and its application to residents' goals. Participants had to be at least 22 years of
age and have experience with HWT. To ensure relevance, the study also selected respondents
from the target geographic area. Individuals who did not possess any prior knowledge or
expertise in household wind energy were excluded. To identify respondents who could
provide incisive and trustworthy information, the study used purposive sampling. These
selection criteria ensured the collected information was relevant to the study questions and
suitable for PLS-SEM analysis [64]. Additionally, participants were required to have at least
five years of experience in the alternative energy sector. This minimum condition was not
mandatory. Table 1 provides a comprehensive summary of the statistical analysis of
respondents' demographic characteristics. Furthermore, this sampling procedure was
implemented to encompass the entire population, and the findings align with the hypothesis's
predictions [65]. This analysis drew respondents from a variety of traditional conditions and
interactive structures and was conducted in four agronomic capitals (Faisalabad, Lahore,
Gujranwala, and Sialkot) and adjacent pastoral neighborhoods in Pakistan. The demographic
descriptions of the respondents, including age, qualifications, education, direct experience,
and gender, align with the employment guidelines and reflect the diverse characteristics of
those who submitted a standard response in this investigation. The first section of the inquiry
form collects the participant's personal information, while the next section describes HWT.

This investigation examines the hypothesized relationship between the dependent variable
(DV) and the independent variables (IVs). The current study demonstrates the predictable
moderation of the IV-DV association. This analysis examines the potential of wind
technology by focusing on residents' economic development. The correlation between the IV
and DV is controlled by Al-based understanding of good governance. We preferred wind
power as the resource for residents to investigate its economic advantages. Catastrophes
result from ecological, sociological, and economic factors. The statistics collection procedure,



variable selection, and respondent characteristics are sub-sections contingent on the research
methodology. These sub-sections are elucidated in the subsequent paragraphs:

3.1. Statistics Collection Procedure

The researchers contacted various professionals, and 597 respondents participated in this
study. Of these, 583 consented to participate; however, 14 responses were rejected as invalid
or incomplete. After obtaining approval, the researchers delivered open- and closed-end
questionnaires. Finally, we used 476 complete surveys. We excluded 107 questionnaires
because they were incomplete, inadequate, or irrelevant. The response rate was 81.65%.
Overall, 476 sample results were valid for this study. We used purposive sampling to select
respondents. The distribution of applicants around the corresponding groupings is illustrated
by the percentages (%) in Appendix A1, which were calculated using descriptive statistics, as
the demographic characteristics of the respondents were analyzed [66]. To conclude the
analysis, the researchers assessed information from September 2025 to February 2026. The
researchers obtained participants' information through familiar contacts with shareholders,
established sites for RE specialists and legislators, and approaches to RE groups and authority
administrators. The study sample is representative of the findings. The questionnaires are
divided into two sections; the initial section details the respondents' information. The second
portion includes an opinion poll on RE policy mechanisms designed to interest GTIWT,
promote environmental HWT improvement, and improve energy resources and affordable
power.

3.2. Variable Selection

We adapted scale items from prior research for the current investigation. We used eight items
(FIT) to evaluate the Feed-in-Tariff (FIT) policy methods construct. We extracted and
modified these items from the preceding investigation [52]. We adopted and modified the
emission trading scheme (ETS) items from [35] and assessed them using seven items. The
study used eight items to measure fiscal measures (FM), adapted and modified from [67]. We
assessed the renewable portfolio standard (RPS) using six items, adapted from [31]. The
study used four items to assess intent to use green energy with HWT (IDGE). We adapted
these items from the original research. We incorporated and controlled all elements of this
representative variable from the literature [68]. Eight elements measure Al-based good
governance (AIAGG). Lastly, we selected five items assessing investment in green
technology in wind turbines (GTIWT) as unpredictable. These items were adapted and
revised from the literature [69].

3.3. Demographic Attributes of the Respondents

Most respondents (421, 88.44%) were female, while only approximately 55 (11.55%) were
male. Additionally, 113 (23.73%) participants were aged 22 and younger, followed by 71
(14.92%) and 51 (10.71%) aged 23-33 and 34-43, respectively. Among participants aged
54-63 years, the phase diversities were 91 (19.12%) and 85 (17.86%). Conversely, 118
(24.79%) respondents had a minimal level of education, which is classified as under-metric.
91 respondents (19.12%) completed a metric degree. 81 respondents (17.01%) had completed
education in the Faculty of Arts. 87 (18.28%) respondents had completed a bachelor's degree,
while 99 (20.80%) had completed a master's degree in various subjects. We also assessed
participants' knowledge: 121 (25.42%) had 0-5 years of experience, while the largest group
had 6-10 years (86; 18.06%). However, some participants had 1620 years of experience (85;
17.01%), and a small number had 20 years of experience (87; 18.28%). Nevertheless, the
demographic profile of the respondents is illustrated in Table 1. 111 (21.72%) respondents
had adopted the TESUP Atlas model, 78 (16.39%) had adopted the Icewind Freya, 58



(12.18%) had adopted the Semtive Nemoi, 64 (10.09%) had adopted an ANTARIS Series,
and 48 (10.08%) had adopted a Colite DS3000. 50 (10.50%) respondents had adopted the
TESUP Magnum, 46 (9.66%) had adopted the Primus Wind Power AIR 40, and 51 (10.71%)
had adopted a Primus Wind Power AIR MaX. Table 1 shows the demographic features of
respondents

Table 1. Demographic Features of Respondents (household women, local small investors,
and entrepreneurs) (N=476).

Variables Characteristics Frequency %
Gender Male 421 88.44
Female 55 11.55
Age Less than 22 113 23.73
23-33 71 14.92
34-43 51 10.71
44-53 65 13.65
54-63 91 19.12
64 and above 85 17.86
Respondents' education Under metric 118 24.79
Metric 91 19.12
Faculty of Arts 81 170.1
Bachelor 87 18.28
Master 99 20.80
Respondent's experience 0-5 years 121 25.42
6-10 years 86 18.06
11-15 years 97 20.38
16-20 years 85 17.86
20 and above 87 18.28
Selected residential wind turbines TESUP Atlas 78 16.39
Icewind Freya 81 17.01
Semtive Nemoi 58 12.18
ANTARIS Series 64 10.09
Colite DS3000 48 10.08
TESUP Magnum 50 10.50
Primus Wind Power AIR 40 46 9.66
Primus Wind Power AIR MaX 51 10.71

4. Empirical Results

4.1. Data Analysis and Results

This study used structural equation modeling to analyze the data [23]. This study analyzed
the rational dimensions using PLS-SEM, a component-focused method. The authors used
PLS-SEM because it is appropriate and well supported in the literature [70]. Using SEM in
contemporary research offers several advantages for equitable analysis compared with
conventional statistical methods. PLS-SEM can support our quantitative assessment by
improving result accuracy, calculation efficiency, and ease of interpretation [71]. As a
second-generation procedure, PLS-SEM can address challenges associated with first-
generation research. PLS-SEM is a multivariate evaluation tool that also helps examine
multiple variables within the same study and time frame. PLS-SEM is becoming more
prevalent in business research because it can address multiple, intricate relationships
simultaneously; however, inappropriate analytical techniques can produce inaccurate
findings, underscoring the need for appropriate statistical tools in management and social
science research [64].



Measurement and structural assessment models are two-stage analysis methods in PLS-SEM
that generate results in two stages [72]. Using the validity and reliability of the RE policy
methods currently employed in this analysis to attract GTIET in Pakistan, the measurement
valuation prototype provides an internal measurement of the template. This study analyses
RE policy methods using structural equation modeling. The primary statistical analyses were
performed using PLS 4.0 software. PLS-SEM is used to examine relationships among the
variables in the template under study. Furthermore, covariance-based structural equation
modeling has lower statistical power than partial least squares path modeling. PLS-SEM is
preferred because it captures relationships among many variables. Additionally, Smart-PLS, a
modification-based SEM, employs PLS, also known as path modeling, to assess relationships
between variables [73]. Smart-PLS's primary objective is hypothesis testing, and it makes it
easy to implement complex models in business research. In this investigation, we used
measurement model assessment and structural model assessment as the two primary Smart-
PLS approaches. We can verify the measurement model's construct validity and reliability
through discriminant and convergent validity. Cronbach's alpha, composite reliability, and
item loads can assess convergent validity based on correlations among all research items.
Fornell-Larcker, cross-loadings, and the Heterotrait-Monotrait ratio, however, can assess
correlations between the study variables and support discriminant validity. Additionally, the
study tests and reviews the hypotheses using path analysis in the measurement model; the
discussion section details the analysis.

The current investigation used path analysis to establish connections between the variables.
The results suggest that RE policy mechanisms, including FIT, RPS, FM, and ETS, positively
affect GTIWT in Pakistan. Nevertheless, the measurement model results demonstrate the
convergent validity of the RE procedure method objects used in the present survey. The
Convergent Validity table shows that Alpha and CR exceed 0.70, while AVE and loadings
exceed 0.50. These values across all items suggest high inter-item correlation and convergent
validity. The study also assesses convergent validity by examining correlations among all
items. The convergent validity table indicates that CR exceeds 0.70, AVE exceeds 0.50,
Cronbach's alpha exceeds 0.70, and factor loadings exceed 0.50. These results suggest that
the elements are highly correlated and support convergent validity. Table 2 presents all
convergent validity results.

4.2. Measurement Assessment Model

In this research, the measurement model is necessary to evaluate the strength and
dependability of all constructs addressed in the study. The measurement model confirmed the
validity and reliability of the constructs and validated the influence of the entire set of items
[70]. The measurement model is based on reliability assessments, including internal
consistency reliability and item reliability, as well as validity tests, including discriminant
validity and convergent validity [74]. Item consistency was assessed using outer loadings,
while internal consistency reliability was assessed using CR; Convergent validity was
assessed using AVE. The cross-loadings of all elements exceed the inception estimate of 0.50
[75]; Refer to Table 2. The analysis confirmed that typical case loadings must exceed 0.50 for
all observations, and each item must contribute to the construct. The AVE should exceed the
recommended value of 0.50. When each construct's CR exceeds 0.70, the measurements are
considered reliable [76]. The selected RE policy instruments showed CR amounts ranging
from 0.728 (ETS) to 0.762 (RPS). All AVE amounts fall within the range of 0.610 (RPS) to
0.748 (ETS). The other factor is loadings range from 0.50 to 0.937. Tables provide a
comprehensive list of all verified reliability values, as indicated by the measurement



assessment model. All elements meet convergent validity in this study, and the component
loadings exceed 0.50. Table 2 indicates convergent validity analyses.

Table 2. Convergent validity analyses

Constructs Items Loadings a CR AVE
Emission trading scheme ETS1 0.840 0.909 0.728 0.748
ETS2 0.818
ETS3 0.825
ETS4 0.809
ETSS 0.795
ETS6 0.755
ETS7 0.792
ETS1 0.840
Fiscal measures FM1 0.860 0.931 0.743 0.675
FM2 0.815
FM3 0.846
FM4 0.844
FMS5 0.846
FMo6 0.820
FM7 0.780
FM8 0.759
Renewable portfolio standard RPS1 0.898 0.952 0.762 0.610
RPS2 0.937
RPS3 0.792
RPS4 0.900
RPS5 0.931
RPS6 0.936
Feed-in-Tariff FIT1 0.917 0.924 0.738 0.654
FIT2 0.829
FIT3 0.783
FIT4 0.821
FIT5 0.809
FIT6 0.833
FIT7 0.826
FITS8 0.790
Al-based awareness of good ATAGG 0.837 0.941 0.751 0.710
governance
AIAGG2 0.867
AIAGG3 0.853
AIAGG4 0.821
ATAGGS 0.877
ATAGG6 0.859
ATAGG7 0.833
AIAGGS 0.790
Intention to develop green energy IDGEI 0.869 0.887 0.722 0.747
with household wind turbines
IDGE2 0.891
IDGE3 0.872
IDGE4 0.823
Green technology investment in wind GTIWT1 0.917 0.943 0.757 0.716
turbines
GTIWT2 0.923
GTIWT3 0.931
GTIWT4 0.833
GTIWTS 0.909

We assessed discriminant validity by comparing the bold values in the cross-loadings table
with those of other influences in each rank. Additionally, the values in the right and left



sections of the table are smaller than those in boldface. The boldfaced significances in Table
3 suggest that all influences have robust associations with one alternative but ineffective
correlations with other components. To verify discriminant validity, we compared the
boldfaced assessments in the cross-loads table row with the other components. In this
investigation, the discriminant validity of these boldfaced assessments is strong and surpasses
that of the other components in each row. When evaluated with the boldfaced standards, the
other left- and right-side evaluations are lower. Table 3 presents the cross-loadings.

Table 3 Cross-loadings

Factors AIAGG ETS FIT FM GTIWT IDGE RPS
AIAGG 0.837 0.323 0.345 0.326 0.606 0.779 0.609
ATAGG2 0.867 0.397 0.353 0.394 0.657 0.793 0.646
ATAGG3 0.853 0.366 0.332 0.364 0.596 0.783 0.587
AIAGG4 0.821 0.393 0314 0.396 0.635 0.758 0.631
AIAGGS 0.877 0.397 0.323 0.386 0.637 0.769 0.623
AIAGG6 0.859 0.415 0.389 0.410 0.592 0.791 0.588
AIAGG7 0.833 0.399 0.426 0.405 0.510 0.772 0.505
AIAGGS 0.790 0.348 0.362 0.343 0.622 0.723 0.619
ETS1 0.392 0.840 0.401 0.815 0.215 0.397 0.230
ETS2 0.362 0.818 0.309 0.737 0.284 0.359 0.286
ETS3 0.371 0.825 0.454 0.729 0.252 0.362 0.250
ETS4 0.345 0.809 0.474 0.743 0.210 0.347 0.207
ETS5 0.374 0.795 0.450 0.619 0.228 0.384 0.226
ETS6 0.345 0.755 0.334 0.633 0.211 0.349 0.206
ETS7 0.348 0.792 0.406 0.659 0.239 0.339 0.235
FIT1 0.359 0.464 0.776 0.482 0.152 0.375 0.149
FIT2 0.351 0.405 0.829 0.450 0.189 0.375 0.190
FIT3 0.330 0.427 0.783 0.451 0.187 0.337 0.179
FIT4 0.306 0.354 0.821 0.395 0.175 0.297 0.165
FITS 0.357 0.376 0.809 0.393 0.176 0.362 0.165
FIT6 0.353 0.408 0.833 0.427 0.193 0.363 0.184
FIT7 0.315 0.350 0.826 0.391 0.101 0.329 0.100
FITS8 0.334 0.450 0.790 0.478 0.143 0.347 0.139
FM1 0.367 0.789 0.478 0.860 0.238 0.383 0.240
FM2 0.392 0.740 0.401 0.815 0.215 0.397 0.230
FM3 0.382 0.732 0.454 0.846 0.250 0.372 0.248
FM4 0.348 0.603 0.472 0.844 0.213 0.347 0.212
FMS 0.375 0.662 0.473 0.846 0.233 0.367 0.235
FMe 0.365 0.693 0.455 0.820 0.227 0.372 0.223
FM7 0.368 0.633 0.398 0.780 0.269 0.351 0.279
FMS8 0.348 0.692 0.406 0.759 0.239 0.339 0.235
GTIWT1 0.640 0.262 0.186 0.269 0.917 0.597 0.739
GTIWT2 0.684 0.267 0.196 0.258 0.923 0.651 0.798
GTIWT3 0.685 0.246 0.184 0.242 0.931 0.652 0.704
GTIWT4 0.618 0.273 0.174 0.253 0.833 0.589 0.710
GTIWTS 0.639 0.266 0.182 0.273 0.909 0.601 0.736
IDGE1 0.677 0.397 0.323 0.386 0.637 0.869 0.623
IDGE2 0.659 0.415 0.389 0.410 0.592 0.891 0.588
IDGE3 0.633 0.399 0.426 0.405 0.510 0.872 0.505
IDGE4 0.690 0.348 0.362 0.343 0.622 0.823 0.619
RPS1 0.684 0.267 0.196 0.258 0.723 0.651 0.898
RPS2 0.637 0.269 0.181 0.275 0.712 0.592 0.936
RPS3 0.584 0.265 0.166 0.248 0.700 0.562 0.792
RPS4 0.673 0.253 0.176 0.249 0.611 0.640 0.900
RPS5 0.644 0.252 0.165 0.257 0.601 0.603 0.931
RPS6 0.639 0.266 0.182 0.273 0.609 0.601 0.936

Notes: N = 476; ETS, emission trading scheme; FIT, feed-in tariff; FM; fiscal measures, GTIWT; green
technology investment in wind turbines, AIAGG; Al-based awareness of good governance; RPS, renewable
portfolio standard



The research also assesses correlations between unpredictability and discriminant judgment.
The Fornell-Larcker measure is a commonly used technique for evaluating discriminant
strength in studies involving underlying unpredictability. Investigators have criticized the
Fornell-Larcker criteria. If the discriminant validity is less than 0.85 [77] or 0.90 [78],
Larcker's hypothesis is rejected. The Fornell-Larcker measure is a standard result commonly
used to estimate the discriminant strength of models in structural modeling. However, the
current study demonstrates that the Fornell-Larcker measure may not consistently identify a
deficit in discriminant strength under specific circumstances. When estimating the
discriminant power of measurement standards, researchers often disregard the Fornell-
Larcker criterion. It is utilized to determine whether the dimensions of a construct are
adequately obvious to necessitate belief in their explanation [79]. Its adaptability is enhanced
because it requires only one measurement technique. Table 4 explains discriminant Validity
with Fornell-Larcker
Table 4. Discriminant Validity with Fornell-Larcker

Factors AIAGG ETS FIT FM GTIWT IDGE RPS
AIAGG 0.743
ETS 0.451 0.705
FIT 0.420 0.502 0.709
FM 0.418 0.466 0.538 0.722
GTIWT 0.324 0.429 0.204 0.486 0.603
IDGE 0.323 0.351 0.433 0.447 0.585 0.664
RPS 0.317 0.291 0.398 0.289 0.494 0.578 0.600

The HTMT ratio is a more suitable measure of discriminant validity than the Fornell-Larcker
criteria, as numerous researchers have criticized the latter [80]. The discriminant validity will
be deemed legitimate if the value is less than 0.85 or 0.90. Table 4 reveals that all estimates
are below 0.90 [77]. Discriminant validity has also been noted in the conclusions section
adjacent to the variable quantity. Cross-loadings are used to evaluate discriminant validity.
The values depicted in the figures suggest that the Nexus-with-itself variables are more
significant than the other variables. The variables show low correlation, supporting
discriminant validity. The most recent method employed to evaluate discriminant validity is
the HTMT ratio. The HTMT ratio values exceed 0.90, as indicated by the figures. These
results suggest discriminant strength and weaker associations among variables. Table 5
displays all highlighted values.

Table 5. Discriminant Validity with HTMT

Constructs Full Collinearity VIF

AIAGG 1.537
ETS 2.151
FIT 2.247
FM 2.467
GTIWT 2.378
IDGE 2.778
RPS 2.214

We used the comprehensive VIF methodology to assess the likelihood of CMB. VIF values
ranged from 1.537 to 2.778 for all structures and remained below the level mentioned of 3.3.
Consequently, the research posed no meaningful risk of general approach bias. Table 6
presents the CMB estimation; however, Figure 2 illustrates the measurement model.



Table 6. Evaluation of CBM

Factors AIAGG ETS FIT FM GTIWT IDGE RPS
AIAGG
ETS 0.487
FIT 0.451 0.545
FM 0.479 0.448 0.578
GTIWT 0.364 0.515 0.418 0.307
IDGE 0.366 0.501 0.477 0.491 0.747
RPS 0.653 0.413 0.421 0.308 0.648 0.735
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Figure 2. Measurement assessment model

4.4. Structural Assessment Model

PLS-SEM has two critical phases: the structural prototypical and the measurement typical.
This discussion focuses on the structural evaluation template, which assesses correlations
between exogenous and endogenous variables. This section reports statistical values such as
path coefficients (B values), coefficient of determination (R2), predictive relevance (Q2),
effect size (f2), and t values. The PLS-SEM literature has established criteria for estimating
the significance level of path coefficients and evaluating hypotheses. We assessed hypothesis
significance using bootstrapping with 5000 subsamples at the 5% significance level (one-
tailed) (Hair et al., 2011). The findings indicate that only H2 is not supported. The
outstanding suppositions, such as ETS (B = 0.257, t = 1.938 > 1.64, p < 0.05), RPS (B =
0.584, t = 17.345 > 1.64, p < 0.05), FIT (p = 0.243, t = 4.977 > 1.64, p < 0.05), IDGE as




direct relation (B = 0.354, t=2.110 > 1.64, p < 0.05), and AIAGG as moderator (f = 0.138, t
=3.735>1.64, p < 0.05) and AIAGG as direct relation ( =0.917, t = 5.306 > 1.64, p < 0.05)
have a substantial and constructive influence on GTIWT.

The representation has strong explanatory power because the R? value for GTIWT is 0.546.
This suggests that RE policy mechanisms can influence wind turbine GTIWT. Nevertheless,
the model's efficiency and efficacy do not depend solely on R2; this single value is
insufficient to evaluate the model [81]. Consequently, measuring predictive relevance in the
structural assessment model is a suitable approach in Q> The Q? value is more sophisticated
and refined than zero, as the strong predictive relevance of the latent exogenous standards
shows [80]. The model's predictive relevance is both positive and significant, as evidenced by
the Q? value of 0.291 in the current study. This suggests that adopting RE policy
mechanisms, including FIT, ETS, FM, and RPS, has increased GTIWT in HWT. F? has a
technical value. The three effect sizes, small, medium, and large, are represented by 0.02,
0.15, and 0.35, respectively [77]. Therefore, the effect sizes of the f> values vary from
medium to large (refer to Table 7). This study employs a variety of statistical techniques,
which are detailed in Table 7. FM has no encouraging or substantial effect on GTIWT, and
all variables in this study's model that show a positive and significant relationship have t-
values greater than 1.64. The results suggest that the moderating variables are significantly
correlated with the constructs in the structural pattern, which is designed to interest GTIWT
for HWT in Pakistan. Table 7 displays hypothesis testing using structural evaluation model.
Figure 3 illustrates the structural evaluation template.

Table 7. Structural evaluation model results (Hypothesis testing)

Factors Hypothesis B- S.D. T- P- Supported R? Q? 2
values values values
H1 ETS -> IDGE 0.257 0.133 1.938 0.045 Yes 0.155
H2 FM > IDGE 0.101 0.144 0.705 0.483 No 0.011
H3 RPS -> IDGE 0.584 0.034 17.345 0.000 Yes 0.215
H4 FIT -> IDGE 0.243 0.049 4.977 0.000 Yes 0.205
H5 IDGE -> GTIWT 0.354 0.168 2.110 0.037 Yes 0546 0.291 0.140
H6 AIAGG x IDGE -> GTIWT 0.138 0.037 3.735 0.000 Yes 0.190
H7 AIAGG > GTIWT 0.917 0.173 5.306 0.000 Yes 0.223
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Figure 3. Structural assessment models.

5. Discussion and implications

Policymakers and residents have been compelled to explore alternative energy sources in
Pakistan because of severe electricity load-shedding and energy shortages. GTIWT is
positively correlated with the RE policy instruments. The results suggest that the FIT strategy
is the most appropriate RE policy instrument for attracting wind-based GTIWT. The results
corroborated the previous investigation [30], which indicated that the FIT strategy has a
positive impact on RE share. The FIT policy instrument guarantees RE producers a fixed
compensation rate for a designated duration. The results also indicated that the selected RE
plan instruments, including RPS, FIT, and ETS, have a positive and substantial effect on
GTIWT, particularly in Pakistan's HWT. The results align with previous research [82], which
shows that FIT is a significant policy instrument with the potential to attract global GTIWT
in RE. The study supported five of the six hypotheses but rejected one because it lacked an
arithmetic implication. ETS (B = 0.257, t = 1.938 > 1.64, p < 0.05) is accepted as the first
hypothesis, as indicated by the statistical analysis. This study examines the effectiveness of
energy policy instruments for wind technology to address this knowledge gap. The results
confirmed the previous investigation's findings [9]. The study's supplementary objective is to
encourage residents to integrate wind technology into their households by incorporating three
factors that may influence their energy intentions and provide low-cost energy benefits:
economic growth, significant environmental change, and wind technology integration.

The research found that FIT is the most efficient policy method for significantly attracting
GTIWT for HWT in Pakistan and globally. The outcomes align with previous research by
[83], which indicates that RE strategy methods, such as FIT, enable RE generation
development worldwide. The RPS strategy has a beneficial impact on the fascinating GTIWT
for HWT; however, Pakistan has not implemented it. The results align with the previous
study [84], show that the RPS mechanism positively affects local investors by reducing
investment risk and increasing returns when designed appropriately in HWT. FM or tax




incentives have an insignificant effect on alternative power schemes, specifically in HWT
schemes, through residents in Pakistan. Accepting the third hypothesis supports the current
research. The statistical test supports this finding (RPS: B = 0.584, t = 17.345 > 1.64, p <
0.05). These results are consistent with the previous study (Khan et al., 2020a), indicating
that RPS has a substantial positive effect on HWT projects by attracting local investors
through tax incentives. In contrast, public investing is negatively correlated with GTIWT, as
stakeholders do not rely on management resources. The current research supports the fourth
hypothesis. The FIT is accepted, as indicated by the statistical test (B = 0.243, t = 4.977 >
1.64, p < 0.05). Pakistan's energy shortage is not being effectively addressed by the immense
potential of renewable energy sources because of a lack of attractive infrastructure and
supportive policies [2]. This study addresses the policy deficit by proposing the
implementation of advanced instruments within existing policies to attract local investors in
HWT. The most potent policy instruments for attracting global investment in the RE segment
are FITs, tax incentives, and RPS.

Numerous researchers have encountered obstacles in RE policy tools. However, no
investigator has yet characterized and assessed current RE policy tools across various
influences to determine the most effective instrument for attracting GTIWT in Pakistan. This
research gap requires thorough investigation. This investigation aims to identify the most
efficient policy mechanism for Pakistan to attract investment. We compared the effectiveness
of four RE strategy mechanisms, FIT, RPS, FM, and ETS, in attracting investors to Pakistan
to improve the HWT segment. Statistical testing supports IDGE as a direct effect (B =0.354, t
=2.110 > 1.64, p < 0.05), and this research accepts the 5th hypothesis. Statistical testing also
supports the 6th hypothesis, which is acknowledged and supports the proposed exploration.
AIAGG serves as a moderator (B = 0.138,t=3.735> 1.64, p < 0.05). The results suggest that
the FIT policy is the most effective policy method for HWT. This is due to several factors,
including long-standing (15-20 years) agreements, cost advantages, strong credibility, and
diverse values across RE resources. The model has strong explanatory power, with an R2 of
0.546 for IDGE — GTIWT. This study suggests that RE policy mechanisms can influence
GTIWT for wind power plans. Consequently, the analytical importance measurement of the
structural template is a suitable approach in Q% In the current investigation, the Q? value is
0.291, suggesting that the demonstration has substantial analytical application and is positive.
This study indicates that green investment in HWT is increasing due to the adoption of RE
plan mechanisms such as FIT, ETS, and RPS. The t-values in the current research exceed
1.64, and H2 has a negative and insignificant impact on green investment in HWT. All
variables in this study's model show positive, significant relationships.

By integrating critical socioeconomic, energy policy instruments, and sustainability factors
into a unified theoretical framework, this research contributes to literature. It explains how
these factors influence residents' development and the outcomes of sustainable wind
technology. The research also identifies the mechanisms underlying the proposed
relationships, thereby enabling a deeper theoretical understanding that extends beyond direct
associations with green energy. Furthermore, it builds upon previous research by examining
these relationships in an emerging-economy context, where such evidence is scarce. Overall,
the findings reinforce the current theoretical explanation by providing a context-specific
framework to guide future research on the adoption of sustainable wind technology and green
energy.



5.1 Theoretical Contributions

The FIT strategy is important to Pakistan if implemented effectively. Furthermore, we
conducted semi-organized discussions with management policymakers, energy economists,
energy policy researchers, and energy policymakers to address the substantial obstacles to
HWT in Pakistan. Finally, we offer policy recommendations for administrative bodies and
legislators to remove these barriers, revise RE policy approaches, and engage local
stakeholders to advance HWT in Pakistan. Pakistan has substantial renewable energy
potential, particularly in HWT; however, policy obstacles substantially impede investment in
the energy sector. Therefore, the nation must implement alternative renewable energy
technologies effectively and efficiently to overcome these formidable obstacles and attract
international investment. The RE sector, particularly HWT, lacks clear RE policies that
enable participation by international and local private investors. Delays in allocations or
clearances discourage international and local private stakeholders from pursuing renewable
developments. Acquiring energy producers under a secure-rate power purchase contract is an
inadequate incentive for global or local power producers to invest in renewable energy
sources because costs fluctuate. The environmental structure is inadequate and vulnerable to
both domestic and worldwide shareholders.

The current FIT approach is poorly employed, fails to attract investment, and is not justified.
It focuses mainly on conventional, outdated power bases and needs attractive programs for
renewable energy. The subsidy mix is unbalanced, as most grants are allocated to fossil fuels
to attract investment rather than renewable sources. Inadequate collaboration and expertise
among numerous policymaking departments, groups, associations, and other participants may
delay policy implementation. International investors are demotivated, and delays in allocating
projects to international or local investors limit the expansion, encouragement, and
commercialization of renewable energy. The energy sector lacks an inclusive organizational
structure because it lacks a central body. Current energy policies are ineffective at controlling
energy costs and practices, leading to misuse of funding and grants because of the absence of
international-level legislation. Renewable technology penetration is limited in Pakistan
because policy regulators lack awareness, and the RE sector faces non-combination problems
in controlling strategy.

5.2. Practical Implication

The RE sector faces obstacles to professional, high-speculative activity and financial
constraints, mainly due to limited access to small-scale lending facilities. The short benefit
cycle and low returns are among the many factors that discourage domestic investors from
investing in Pakistan's real estate sector. Nevertheless, these conditions can entice investors,
including high efficiency, shorter growth periods, and low fund budgets for investment
preferences. Inadequate economic funding in the RE industry creates an obstacle: high
investment costs. This lack of support also hinders equipment operation and maintenance,
along with constraints on working assets and a weak customer support infrastructure.
Political issues in Pakistan have consistently undermined RE policy. Despite political
resistance, the government apparatus has failed to implement necessary changes, even though
essential and emerging RE procedures require significant reform. Pakistan faces operational
RE challenges, including political influence, unrealistic targets, inadequate environmental
research and development, and insufficient planning. Pakistan's democratic government's
primary shortcoming is policy prioritization: theoretically sound but rarely implemented.
Political parties abuse their authority, diverting subsidies meant for the renewable energy
sector to other sectors. A complete lack of political will is confronting the alternative energy
sector. Political party conflicts largely consume Pakistan's energy sector. Political parties
focus on upcoming elections rather than Pakistan's community problems. Political parties



must reevaluate their principles and recognize the national significance of the energy
shortage.

6. Conclusions and recommendations

Even in developed or developing economies, a nation's economic development and progress
depend on a neutral energy source across all regions. Pakistan, an improving economy,
generates electricity using conventional fossil fuels to meet its energy needs. However, the
current imbalance between energy demand and supply stems from population growth and
heavy industrial development. Additionally, the findings indicate that the RE policy tools
chosen in this analysis, including RPS, FIT, and ETS, have a substantial positive impact on
GTIWT, particularly for HWT in Pakistan (see Table 7). The research determined that FIT is
the most applicable policy tool for attracting GTIWT for HWT in Pakistan and worldwide.
The RPS policy positively affects GTIWT attraction for HWT; however, Pakistan has not
implemented it. FM or tax inducements have a negligible effect on alternative power
schemes, specifically HWT projects funded by overseas stakeholders in Pakistan. In contrast,
resident funds show a favorable correlation with GTIWT, as stakeholders do not rely on
management assets. The research also suggests that carbon assessment and emissions
negotiation are carbon-evaluation tools that strongly appeal to GTIWT; however, Pakistan
has not implemented them. The lack of perceived long-term stability is why private
investment is not being attracted to government funds or public speculation for HWT
estimates. In this article, we examined how RE policy mechanisms fail to attract GTIWT to
Pakistan's RE sector, particularly in HWT.

Furthermore, Pakistan's renewable energy strategies and tax incentives are inadequate for
attracting stakeholders to its wind power sector. We found that other factors, rather than
policy instruments, often attract GTIWT. The outcomes suggest that the FIT strategy interests
GTIWT in RE across all classifications, but Pakistan does not employ it properly. In addition
to attracting residents to HWT in Pakistan, RPS policies have a substantial and positive
impact on Pakistan's wind and substitution energy strategies by attracting local stakeholders.
The findings suggest that the moderating variable (Al-based good governance) is strongly
correlated with positive indicators in the structural model designed to attract green investment
in HWT in Pakistan. In Pakistan, GTIWT is attracted to carbon pricing instruments, including
emissions trading and carbon taxation. Pakistan's practical transportation and economic
sources are insufficient to facilitate the expansion of renewable energy equipment. These
findings also apply to other South Asian states, such as India, Sri Lanka, and Bangladesh,
through the implementation of FIT, RPS, and ETS policy mechanisms to encourage
investment in the renewable energy sector, particularly HWT. Pakistan's administration has
followed restricted policy approvals to address the HWT obstacles mentioned above and
advance the RE sector [45]. To increase demand for HWT in Pakistan, the government,
stakeholders, and RE-related institutions must collaborate cohesively and integrate their
efforts. These conclusions are implicit; this investigation requires additional quantitative
studies. Nevertheless, we suggest pursuing this promising research area further.

Consequently, to attract GTIWT interest in wind power estimates in other developing
countries, potential authors must examine the effects of other RE policy mechanisms,
including C.T. and NEMET. Additionally, future research must expand the sample size of
countries and country-level data due to data constraints. The consistent evaluation can be
applied to other Asian development territories or contexts to assess the feasibility of RE
policy mechanisms for regional authorities and to encourage GTIWT to invest in low-carbon
power machinery. Pakistan's federal government does not manufacture wind turbines, and



local wind-system technology is unavailable. The nation's equipment and essential
components depend on imported technology. Accurate wind maps are not used to assess wind
speed intensity. The installation and operation of large-scale HWT projects depend on foreign
sources. Pakistan faces technical challenges, including a lack of standards and energy storage,
inadequate exploration and expansion, limited infrastructure, and limited knowledge of
maintenance and operations. RE technology lacks procedures and guidelines on durability,
reliability, and performance. These issues prevent RE from achieving its large-scale
commercialization objectives. Storage disrupts electricity grids because of the primary
technical issue: an imbalance between demand and supply. The final section presents the
conclusions. Therefore, researchers interested in adopting HWT must identify the remaining
components while considering this study's findings. In a developing nation like Pakistan, we
have chosen RE policy instruments.

Consequently, the findings of the present investigation are not equally applicable to both
developed and underdeveloped nations. Therefore, the authors must conduct further research
to determine the most effective methods for encouraging investors to invest in HWT in
developed countries. GTIWT is influenced by a variety of factors and policy instruments that
are not included in this investigation. Future researchers should examine additional factors
not addressed in this study. Data collection in this study is not comprehensive because it
relies on a single source. Future scholars should include additional data sources when
replicating this research to strengthen data validity. Similarly, the research assessed the RE
policy instruments currently in operation and implemented through a nationwide strategy in
Pakistan, an expanding nation, to attract international investment. As a result, the current
investigation applies equally to developed and developing countries. Authors must therefore,
in the expectations, determine the influence of other strategy mechanisms on RE to interest
investment in both developed and underdeveloped nations.

6.1. Policy recommendations

Additionally, the administration should recruit local and international experts specializing in
HWT from advanced countries. The nation should reduce its heavy reliance on fossil-fuel
power and improve RE capacity by implementing RPS and FIT. These policy tools can
attract and encourage energy producers to invest in HWT. To promote renewable energy
development, the nation must implement sustainable, innovative financing programs. The
administration should retain attractive RE finance and loan provisions and requirements,
particularly for small shareholders, to promote RE development. To address tariff restrictions,
establish tax standards, and obtain power from non-utility generators, NEPRA and AEDB
should consult. Develop power purchase mechanisms and measures tailored to commercial-
scale household wind energy turbines. This investigation yields empirical and theoretical
implications. The substantial literature review makes a global contribution to the literature on
COz emission reduction and RE policy. This study investigates the effectiveness of four RE
policy mechanisms, FIT, RPS, FM, and ETS, in attracting GTIWT to the nation. By
establishing the effect of these four RE policy tools on GTIWT for both expanding and
acquiring nations, such as Pakistan, this study expands the literature. To encourage local and
external stakeholders to support the sustainable growth of HWT schemes in Pakistan, the
present study offers practical strategies for relevant RE regulatory bodies, ADEB and
NEPRA, to adopt and effectively implement the current policy tools.

Because the study's guidelines enhance the energy sector's performance by attracting GTIWT
to HWT projects, they are of paramount significance to RE policymakers and competent
authorities in Pakistan. Effective planning of RE policy mechanisms can engage both
regional and overseas stakeholders, thereby improving HWT project performance by



improving GTIWT in the nation. Therefore, RE policy mechanisms can attract substantial
financing for HWT initiatives, provided expert management frameworks and an
administration-owned legislative framework, such as WAPDA in Pakistan, define them
adequately. Furthermore, Pakistan's RE guidelines and tax incentives are inadequate to attract
shareholder financing for HWT. We also found that factors other than policy instruments
attract GTIWT. For instance, a FIT policy can attract GTIWT in RE across all categories;
however, Pakistan has not implemented it effectively.

Appendix A

Table Al. Horizontal cross-questioning and the way respondents (energy policymakers,
energy economists, and energy policy researchers) engaged in the semi-structured interview.
Measure progress by implementing sustainable household wind turbine performance, as

determined by HWT proprietors.

Variable Items Cross-examinations Y%
Emission trading scheme EST1 The ETS viewpoint is a crucial tool for home wind turbine 254
energy policy.
EST2 Installing an ETS has the potential to boost profits and attract 21.5
new residents and owners for HWT.
EST3 The broad adoption of home wind turbine technology allows the  25.6
ETS to obtain sufficient electricity.
EST4 Improved home wind turbine technology may affect ETS’s 24.4
profitable development.
ESTS One of the most important tools for residential wind turbine 18.3
energy strategy is the successful implementation of the ETS
EST6 Emissions-trading policy instruments could increase revenue and 6.0
attract new residents for HWT.
EST7 ETS policy instruments affect the technology of home wind 43
turbines, which may evolve.
Fiscal measures FM1 Implementing FM for operating domestic wind turbines can 20.2
increase prosperity and minimize natural resource consumption.
FM2 Natural resource reduction is the term used to describe FM 14.5
implemented to justify environmental preservation and the
operation of household wind turbines.
FM3 It is imperative to implement FM that provide government 10.6
support for domestic wind turbines to modify residents'
behavior.
FM4 Implementing FM for domestic wind turbines has the potential to ~ 10.5
enhance residents' prosperity.
FM5 To support the operation of domestic wind turbines and preserve 9.7
the environment, FM are implemented.
FM6 The government provides FM to modify residents' behavior by 8.0
supporting domestic wind turbines.
FM7 The potential of wind turbines to enhance prosperity and reduce  15.5
the consumption of fossil fuels can be supported by FM
FMS8 To support the operation of domestic wind turbines and preserve ~ 10.6
the environment, FM are implemented.
Renewable portfolio standard RPSI1 Utilizing domestic wind energy can improve the economic 17.2
feasibility of an RPS.
RPS2 Implementing RPS in HWT can support organizations' financial ~ 16.4
and environmental growth.
RPS3 Understanding its implementation is a prerequisite for approving = 22.2
domestic HWT in pastoral regions under the RPS policy.
RPS4 Adopting RPS policy instruments for HWT in the study area has  14.5
the potential to reduce the use of grid-linked energy.
RPS5 Household wind turbine technology has the potential to mitigate ~ 19.3




Feed-in-Tariff

Intention to develop green
energy with household wind
turbines

Al-based awareness of good
governance

Green technology investment in
wind turbines

RPS6

FIT1

FIT2

FIT3

FIT4

FIT5

FIT6

FIT7

FIT 8

IDGEI

IDGE2

IDGE3

IDGE4

ATAGG1

AIAGG2

AIAGG3

ATAGG4

AIAGGS

ATIAGG6

AIAGG7

ATAGGS

GTIWTI

GTIWT2

GTIWT3

the impact of RPS policy and fossil fuel-based power.
The RPS policy instrument can enhance the economic efficacy of
wind energy.
The contentment of users with the Feed-in-Tariff policy for wind
turbines to encourage residents
The Feed-in-Tariff policy for wind turbines is implemented to
encourage efficient resource utilization.

The Feed-in-Tariff policy for wind turbines is designed to
enhance the performance of existing household wind turbines.
The Feed-in-Tariff policy offers a natural energy strategy and
efficient justifications to motivate residents to engage in HWT.
The Feed-in-Tariff policy can encourage residents to propose

clean energy plans.
The Feed-in-Tariff policy can encourage the local community's
clean energy strategy to contribute to sustainable development.

To encourage residents, the Feed-in-Tariff policy permits the
operation of domestic wind turbines.

The Feed-in-Tariff policy is recognized as a sustainable energy
strategy and provides effective incentives to recruit investors in
green energy.

Raise awareness of the environmental consequences of
incorporating household wind turbine technology.

Acceptance of household HWT depends on residents' intention
to change their financial behaviour by using household wind
turbines to generate green energy.

The objective is to attract residents involved in rural and pastoral
ventures by using household wind turbines to develop renewable
energy.

Residents’ profitability is enhanced by their intention to develop
green energy.

The adoption of HWT can be facilitated by comprehending Al-
based awareness of good governance.

By raising awareness, artificial intelligence has the capacity to
draw in new residents.

The adoption of HWT for the benefit of rural residents can be
facilitated by Al-based awareness of good governance.
Al-based awareness of good governance can also be
advantageous to rural residents.

Al-based awareness of good governance, which enables the
administration to attribute the presence of domestic wind
turbines to residents.

The potential to lure domestic HWT in rural areas is present due
to Al-based awareness of good governance.

Al-based awareness of the adoption of good governance in HWT
has the potential to attract new residents.

The comprehension of HWT can be facilitated by Al-based
awareness of the adoption of good governance.

A critical instrument for the development of a residential wind
turbine energy policy is the investment in green technology in
wind turbines.

The potential to increase profits and attract new residents is
present with the investment of green technology in wind
turbines.

Residents who are engaged in resident ventures in rural areas
may be attracted to green technology investments in wind
turbines.

10.4

14.2

11.4

223

13.1

16.5

11.5

6.6

15.8

26.6

27.4

25.8

20.2

20.2

23.2

17.4

7.0

11.3

8.3

7.1

55

18.5

22.5

19.6




GTIWT4  The presence of green technology investment in wind turbines in ~ 21.3
rural areas is attributable to the awareness of HWT.

GTIWTS The administration can attribute the presence of wind energy to 18.0
the investment in green technology in wind turbines.
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