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Laos ranked 8" in terms of total greenhouse gas emissions among ASEAN countries, with 17.9 million metric tons of carbon dioxide equivalent (MtCO2e) emissions.
The energy sector was responsible for the majority of emissions, accounting for about 50% or 8.9 MtCO2e, followed by the agriculture sector at around 35% or 6.3 MtCO2e,
and other sectors at approximately 15% or 2.7 MtCO2e (The Global Carbon Atlas reported, 2018). This study investigates greenhouse gas emissions and environmental
issues among industrial entrepreneurs in Vientiane Capital, Lao PDR. Data was collected by using questionnaires and face-to-face interviews were conducted with
participants from 80 different plants in Vientiane Capital between January 25 and March 20, 2018. It identifies various environmental problems caused by industrial plants,
emphasizing the need for specific pollution source mitigation and sustainable waste management. The study reveals significant impacts on health and living conditions,
highlighting the urgency for proactive measures. Climate variations, alterations in seasons, and intensified storms are identified as major contributors to violence levels.
Strategies proposed by entrepreneurs include accurate measurement methods, pollution treatment systems, improved power efficiency, renewable energy adoption, an
environmental protection organization, and efficiency enhancements in logistics and transportation. The study emphasizes the role of government, plant owners, and the
general population in addressing CO2 emissions through collective efforts. Overall, it provides valuable insights and calls for proactive measures, stakeholder engagement,

and diverse strategies for sustainability in Vientiane Capital and Laos.

Introduction

Greenhouse Gases (GHGs) are gases that trap heat in the
Earth’s atmosphere, causing the greenhouse effect and climate
change. The primary GHGs consist of Carbon Dioxide (C02),
Methane (CH4), Nitrous Oxide (N20), and fluorinated gases.
These emissions are predominantly generated by human
activities, including the burning of fossil fuels, deforestation,
industrial processes, and agricultural practices. Major
concerns associated with GHG emissions encompass climate
change, increased carbon dioxide levels, methane emissions,
deforestation, industrial activities, and agricultural practices.
The accumulation of GHGs in the atmosphere has led to a
rise in global temperatures, resulting in climate change. This
phenomenon brings various negative impacts such as higher

sea levels, more frequent extreme weather events, altered
precipitation patterns, and disruptions to ecosystems. Carbon
dioxide, primarily released through fossil fuel combustion, is
the largest contributor to GHG emissions. Elevated levels of
CO2 in the atmosphere lead to ocean acidification, affecting
marine ecosystems and organisms dependent on coral reefs
and shellfish. Methane, a potent GHG, is emitted during the
production and transportation of coal, oil, and natural gas,
as well as from livestock, agricultural practices, and organic
waste decay in landfills. Methane contributes to both climate
change and poor air quality. Deforestation, which involves
clearing forests for agriculture, logging, and urbanization,
releases significant amounts of CO2 into the atmosphere.
Deforestation not only reduces the Earth’s capacity to absorb
CO2 but also diminishes biodiversity and disrupts ecosystems.
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Industrial activities such as manufacturing, mining, and
construction produce GHG emissions through fossil fuel
combustion, chemical reactions, and the release of fluorinated
gases. These emissions contribute to global warming and air
pollution. Agricultural practices like enteric fermentation (the
digestive process in livestock), rice cultivation, and the use of
synthetic fertilizers also contribute to GHG emissions. Nitrous
oxide, another potent GHG, is released from fertilized soils and
animal waste.

Numerous countries have successfully implemented various
actions to address climate change and Greenhouse Gas (GHG)
issues. For example, several European countries, including
Germany, Denmark, and Sweden, have made successful
transitions to a greater share of renewable energy sources
like wind and solar power. Additionally, the European Union’s
Emissions Trading System (EU ETS), the world’s largest carbon
market, has effectively reduced greenhouse gas emissions by
placing a price on carbon and promoting emission reduction
efforts. Amsterdam and Copenhagen have also implemented
extensive cycling infrastructure, reducing car dependency and
promoting sustainable transportation methods.

In the United States, the implementation of Renewable
Portfolio Standards (RPS) has mandated a specific percentage
of electricity generation from renewable sources, thereby
reducing reliance on fossil fuels. Various states and cities
have introduced energy efficiency programs that encourage
the adoption of energy-efficient technologies in buildings,
appliances, and transportation. Organizations like the
Northeast Regional Greenhouse Gas Initiative (RGGI) have
successfully established a cap-and-trade program for power
plants, leading to emission reductions and investments in
clean energy projects.

China has emerged as a global leader in renewable energy
investment, significantly expanding its solar and wind power
capacities and making substantial investments in electric
vehicle infrastructure. China has also initiated large-scale
afforestation projects, such as the “Great Green Wall,” to combat
desertification and sequester carbon dioxide. Furthermore,
China has committed to reaching the peak of its carbon dioxide
emissions by 2030 and achieving carbon neutrality by 2060,
demonstrating its intent to transition towards a low-carbon
economy.

A statement mentioned above, reducing greenhouse
gas emissions is a global challenge. In order to fulfill its
obligations under the Paris Agreement on climate change,
the Lao government has established a target of decreasing its
greenhouse gas emissions by 20% before the year 2030. Laos
ranked 8th in terms of total greenhouse gas emissions among
ASEAN countries, with 17.9 million metric tons of carbon
dioxide equivalent (MtCO2e) emissions. The energy sector
was responsible for the majority of emissions, accounting for
about 50% or 8.9 MtCO2e, followed by the agriculture sector at
around 35% or 6.3 MtCO2e, and other sectors at approximately
15% or 2.7 MtCO2e (The Global Carbon Atlas reported, 2018).

The city of Vientiane is the focal point of the country’s
development, particularly in the industrial sector, as evidenced
by the increasing influx of investment from both domestic and
foreign sources. However, this growth in industrial production
has led to environmental challenges, as the CO2 emissions
released during the manufacturing process have become a cause
for concern. Therefore, the current study aims to investigate
the industrial entrepreneur’s perception of greenhouse gas
emissions in Vientiane Capital, Lao PDR, regarding the impact
of greenhouse gas emissions. It also intends to evaluate
the environmental issues associated with plants and their
impacts. Additionally, the study seeks to identify a viable
approach to reduce CO2 emissions and pinpoint the primary
entity responsible for tackling this issue. Finally, the research
provides recommendations to the government on managing
CO2 emissions and the critical implementer.

Literature review

This section provides a review of previous studies that have
examined stakeholders’ perceptions of climate change and GHG
issues in different countries. Additionally, it suggests policies
that have been proposed to cope with these problems. The
findings from these studies shed light on the understanding
and perspectives of various stakeholders, including government
officials, policymakers, businesses, and the general public,
regarding climate change and GHG mitigation measures.

According to a study by Muhammad Awais, et al. [1],
while there is significant awareness about climate change
and its impacts in Pakistan, there is a limited understanding
of greenhouse gas emissions and their role in contributing to
climate change. The study highlights that education, income,
and media exposure are crucial in shaping people’s attitudes
toward climate change and greenhouse gas emissions. The
authors suggest that targeted education and awareness-raising
campaigns can improve public understanding of these issues
and encourage sustainable behaviors.

In the Philippines, farmers possess knowledge about climate
change and its effects, but their understanding of Greenhouse
Gas (GHG) emissions and their contribution to climate change
is limited. Nevertheless, farmers exhibit a favorable attitude
towards implementing practices that can decrease GHG
emissions. However, the lack of information and resources
impedes their ability to do so, as noted by Carpio, et al. [2].
Meanwhile, although many Americans believe that climate
change is happening and is human-induced, much doubt and
skepticism still exist regarding the issue. The general public
has identified various methods for mitigating climate change,
such as renewable energy and carbon capture and storage. Still,
it recognizes potential obstacles to their adoption, according to
Leiserowitz, et al. [3]. The research conducted by Weber and
Stern (2011) investigated the connection between the public’s
opinions on climate change, greenhouse gas emissions, and
their support for policies designed to reduce emissions in
the United States. The study revealed that the public’s beliefs
about the root causes and seriousness of climate change, as
well as their confidence in scientists and institutions, were
significantly related to their backing for policies aimed at
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alleviating climate change. Additionally, the study found that
people’s views on the effectiveness and fairness of different
policy measures impacted their support for these policies. The
authors suggested that enhancing public comprehension of
climate change and its outcomes, as well as providing clear
information about policy alternatives, could enhance public
support for mitigation measures.

According to Poortinga, et al. [4], Australians showed worry
over climate change and greenhouse gases but lacked a deep
comprehension of the scientific principles associated with them.
They depended more on their personal experiences to make
judgments. To overcome the gap between scientific knowledge
and public perception regarding climate change and greenhouse
gases, additional education and engagement programs are
necessary. Isaac Luginaah, et al. [5], many Ghanaians know
about climate change. Still, there are noteworthy deficiencies
in their understanding of the root causes, consequences, and
prospective solutions to the issue. The research suggests that
for Ghana to implement effective climate policies, there needs
to be a boost in public awareness and education about climate
change and greenhouse gas mitigation methods.

Carmichael, et al. [6] emphasize that sociocultural factors
shape the public’s beliefs regarding climate change and
greenhouse gas emissions. Factors such as social norms,
political ideology, and personal experiences can significantly
influence perceptions. It is essential to comprehend these
factors to create efficient policies that aim to tackle climate
change and diminish greenhouse gas emissions.

The release of greenhouse gases (GHG) is a major
contributor to climate change and has been a cause for concern
in recent decades. One proposed solution is an environmental
tax, which is explored in this literature review. Numerous
studies have shown a connection between GHG emissions
and environmental tax. Baranzini, et al. (2017) found that
CO2 emissions taxes were the most effective policy tool for
reducing GHG emissions, followed by energy consumption
taxes and fossil fuel use taxes. Several factors, such as the
demand for energy, the level of taxation, and the availability
of alternative energy sources influence the effectiveness of
environmental taxes. Hsu, et al. (2018) examined the impact of
a carbon tax on GHG emissions in China and found that it could
reduce emissions by up to 18% by 2030. Moreover, it could
have a positive impact on economic growth in the long run by
encouraging the use of cleaner energy sources.

In summary, the public’s awareness and understanding of
climate change and greenhouse gas emissions across different
countries, including Pakistan, the Philippines, the United
States, Australia, and Ghana, suggest that education, income,
media exposure, personal experiences, and sociocultural factors
shape people’s attitudes and perceptions towards climate
change and its causes. Moreover, the potential effectiveness
of environmental taxes as a solution to reduce greenhouse
gas emissions. Overall, the studies highlight the importance
of enhancing public awareness and education about climate
change and its impacts to encourage sustainable behaviors and
support effective policy measures.

Methodology
Population and sample

According to the Ministry of Industry and Trade [7],
Vientiane Capital has a total of 2,736 plants, comprising 84
large plants, 186 medium plants, and 2,466 small plants. The
factory industries in Vientiane are classified based on their
greenhouse gas emissions, with a total of 351 plants, including
30 large plants, 112 medium plants, and 209 small plants. The
population used in this study are industrial plants in Vientiane
Capital total of 351in 9 districts by using Proportional Stratified
Random Sampling as follows (Table 1).

The study focuses on industrial plants operating in food
and beverage, metal, processing, plastics, and other industries.
The majority of these plants fall under the Small and Medium
Enterprise (SME) classification, indicating their smaller
size. It is important to note that in the Lao PDR, however,
there is currently no clearly established classification system
specifically for GHG emissions. To address this, the study
classifies the industrial plants into three categories based on the
number of workers: small size (with fewer than 50 workers),
medium size (with 50-99 workers), and large size (with more
than 100 workers). This worker-based categorization provides
a practical approach to classify the plants in the absence of a
specific GHG classification system.

Data collection

In this research, data were collected through the use of
questionnaires, which were divided into three main sections.
The first section focused on obtaining general information
about the plants, such as their establishment year, location,
investment type, industrial type, number of employees,
average monthly income, and other related details. The second
section aimed to identify the environmental problems caused
by each plant and their impacts. Finally, the third section
aimed to explore the industrial entrepreneurs’ perception and
understanding of greenhouse gas emissions and their impact,
their approaches to reducing greenhouse gas emissions and
their impact, as well as the key organizations involved in
addressing these problems. Face-to-face interviews were

Table 1: Shows the number of industrial plants in Vientiane's Capital.

Chanthabouly 35 8
Sikhodtabong 49 11
Xaysedtha 31 7
Sisattanark 48 11
Naxaiythong 17 4
Xaythany 92 21
Hardxaiyfong 74 17
Sangthong 1 0
Parknguem 4 1
Total 351 80

Source: Ministry of Industry and Trade [7].
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conducted with participants from 80 different plants in
Vientiane Capital between January 25 and March 20, 2018.

Data analysis

In the process of analyzing the gathered data, various
statistical techniques were employed to derive meaningful
insights and draw valuable conclusions. One of the fundamental
methods used was descriptive statistics like percentages, which
are commonly used to summarize and describe data.

To evaluate the environmental impact of the plants, the
entrepreneur was presented with a range of options regarding
the environmental issues caused by their operations. These
options encompass the release of wastewater, noise pollution,
generation of garbage, air pollution, emission of unpleasant
odors, and the utilization of chemicals in their production
processes. The assessment of the environmental impact
depends on the responses provided by the entrepreneurs (more
detail please, see the Supplementary Information part) [8-15].

Results
General information about plants

Table 2 presents plants’ years of operation, 20 plants fall
into the 5 - 10 years and 11 - 16 years groups, each representing
25% of the sample size. However, 14 plants (17.50%) have
been in existence for more than 23 years. Table 2 also includes
the location of plants, with 13 (16.25%) located inside special
economic zones and 67 (85.75%) located outside. Out of the
total sample size, 42 plants (52.50%) are 100% Lao-owned, 24
plants (30%) are 100% foreign-owned, and the remaining are
joint ventures.

In terms of industry types, the processing industry
represents 20.00% of the sample size with 16 plants. Food and
beverage, metal, and plastic industries have slightly different
numbers and percentages, while 33 plants (41.25%) fall under
other industries such as electronics. Only 12 plants (15.00%)
among the total sample size release CO2 emissions.

Most plants (47.50%) have a small number of employees
(less than 50), while 27 plants (33.75%) are categorized as
large. In terms of the monthly income, out of the total sample
size, 34 plants (42.50%) have a monthly income less than or
equal to 5,000,000,000 Lao Kip, while 18 plants (22.50%) have
an income between 5,000,000,001 and 10,000,000,000 Lao Kip.
Overall, the majority of plants (about 65%) have a monthly
income less than or equal to 10,000,000,000 Lao Kip

Environmental problems caused by plant and their impacts

Environmental problems caused by plants: The
study focused on identifying and analyzing the different
environmental problems caused by industrial plants in
Vientiane’s Capital. The research determined the number of
plants that had issues in each category and the percentage of
the total number of plants surveyed. The study revealed that
garbage was the primary environmental problem encountered
by industrial plants, with 86.25% or approximately 69 plants

Table 2: General information about plants.

Number of years of operations

<5 13 16.25

5-10 20 25.00

11-16 20 25.00

17 -22 13 16.25

>23 14 17.50

Inside special economic zones 13 16.25
Outside special economic zones 67 85.75

Lao owned 100% 42 52.50

Joint venture with foreign-owned < 50% 5 6.25
Joint venture with foreign-owned > 50% 9 11.25
Foreign Owned 100% 24 30.00

Types of Industry

Food and beverage industry 10 12.50
Metal industry 10 12.50
Processing industry 16 20.00
Plastic industry 11 13.75
Other industry 33 41.25

Number of employees

<50 (small size) 38 47.50
50 - 99 (medium size) 15 18.75
>100 (large size) 27 33.75

The income per month (Lao Kip)* Numbers of plants percent (%)

<=5,000,000,000 34 42.50
5,000,000,001 — 10, 000,000,000 18 22.50
10,000,000,001 — 15,000,000,000 14 17.50
>15,000,000,00 14 17.50

Total 80 100 (%)

Source: authors calculated (2018);
“Remark: 1 USD = 8.530 Lao Kip (LAK), the official exchange rate in 2018.

reporting this issue. The second significant environmental
issue was noise pollution, affecting 81.25% or approximately
65 plants. The use of chemicals was reported as a problem by
58.75% or approximately 47 plants. Wastewater release and
air pollution were reported as issues with the same percentage
of 53.75% or approximately 43 plants. The release of bad
smells was identified as a problem by 48.75% of the plants.
Overall, all 80 plants surveyed had at least one environmental
problem, with the percentage of facilities affected ranging
from 48.75% to 86.25%. These results highlight the need for
proactive measures to address these problems and ensure the
sustainability of industrial operations (Table 3).

The study examined further the environmental problems
in each category caused by industrial plants. Starting from
wastewater release, 83.72% of the respondents in this category
reported that they created less degree of issue. While 13.95% of
the respondents reported that they created a moderate degree
of wastewater, only 1.25% reported a high degree of the issue.
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Table 3: Environmental problems caused by plants.

Number of plants
with environmental problems

Release wastewater 43 53.75

Noise pollution 65 81.25

Garbage 69 86.25

Air pollution 43 53.75

Release bad smell 39 48.75

Using chemical 47 58.75
Total 80 100

Source: Authors calculated (2018);

It appears that a majority of the respondents in this category
perceived their noise pollution as having a relatively low degree
of issue, with 64.62% reporting that they created less of an
issue. However, a sizable minority of 21.74% of respondents
reported a moderate degree of issue, and a smaller minority of
13.04% reported a high degree of issue.

For the garbage, the study found that the majority of the
respondents in this category created a low degree of an issue
with respect to 65.22%. However, a significant proportion of
respondents, 30.77%, reported a moderate degree of garbage,
indicating that there is still some room for improvement in
reducing waste. Only a small minority of 4.62% of respondents
reported a high degree of the issue, suggesting that severe
garbage problems are not as widespread in this category.

The study found that the majority of the respondents
in this category created a low degree of air pollution, with
72.09% reporting that they created less of an issue. However,
a minority of respondents, 13.95%, reported a moderate degree
of air pollution, indicating that there may be some air quality
issues that need to be addressed. Similarly, another minority of
13.95% reported a high degree of the issue, suggesting that air
pollution is a significant problem for a small proportion of the
respondents in this category.

For the bad smells category, the study found that the
majority of the respondents created a low degree of an issue
with respect to the release of, with 71.97% reporting. However,
a minority of respondents, 20.51%, reported a moderate
degree of bad smell problem, indicating that there may be
some unpleasant odors that need to be addressed. Similarly,
another minority of 7.69% reported a high degree of the issue,
suggesting that bad smells are a significant problem for a small
proportion of the respondents in this category.

It appears that the majority of the respondents in the
chemicals used category reporting to a low degree of problem,
with 59.57% reporting that they created less of an issue.
However, a significant proportion of respondents, 31.91%,
reported a moderate degree of use of chemicals in their
production, indicating that there may be some potential risks
associated with chemical use. Only a small minority of 8.51% of
respondents reported a high degree of the issue.

In summary, wastewater by industrial plants is not a
significant issue and its severity may vary depending on

the specific context and circumstances of each plant. While
many plants owner may not see noise pollution as a major
problem. Sustainable waste management practices are having
a positive effect on reducing garbage, but there is still some
work to be done in this area. It is recommended to continue
promoting environmentally-friendly practices like recycling
and reducing waste to further reduce the impact of garbage on
the environment. The plants’ owner does not view air pollution
as a major issue from their plants, but the study highlights
specific sources of air pollution that need to be addressed from
industrial emissions or other local sources. Addressing specific
sources of bad smells, such as sewage systems, garbage
disposal, and industrial emissions, is also necessary. Although
the majority of respondents do not cause significant issues
related to chemical use, there are still concerns about the use
of safer chemicals and reduce exposure to harmful chemicals.
Monitoring and regulating the use of chemicals in industry is
also important to prevent potential harm to workers and the
environment (Figure 1).

Impact of environmental problems: The analysis section
focused on examining the various impacts of environmental
issues stemming from industrial plants in Vientiane’s Capital.
The findings of the study highlighted the significant effects on
the health of workers, which was reported by approximately
71.25% or 57 plants, ranking it as the top concern. The second
notable impact was on the living conditions of the local
population, affecting approximately 53.75% or 43 plants.
The impacts on the health of individuals in the surrounding
area, land degradation, and plants and animals showed slight
variations, at approximately 43.75%, 42.50%, and 41.25%
respectively. In conclusion, the study underscores the urgent
need for proactive measures and policies to address the
significant impacts of environmental problems caused by
industrial plants in Vientiane Capital. Efforts should be directed
towards safeguarding the health of workers and improving the
living conditions of local residents in the surrounding area
(Figure 2) (Table 4).

Industrial entrepreneur’s perceptions

Perception on CO2 emission: In this particular section of
the study, the plant owners were interviewed to gather their
opinions on the most significant impacts of CO2 emission. They

100% - : . 7.69 8.51
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Release Noise Garbage Air pollution  Release bad Using
wastewater pollution smell chemical

W less M Moderate More

Figure 1: Degree of environmental problems created by plants.

Source: Authors calculated (2018).
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were presented with a range of environmental consequences
resulting from the rise in greenhouse gas emissions and were
asked to rank their top three severe cases from the provided
options. The choices included climate variations (such as
temperature changes), alterations in seasons, intensified
storms, degradation of natural resources, flooding, drought,
deforestation-induced erosion, loss of biodiversity, and health
issues (such as epidemic diseases).

Table 5 illustrates the relationship between CO2 emissions
and the severity levels of violence which are categorized as
follows: 1 for the least severe, 2 for a moderate level, and 3 for
the most severe (worst). These severity levels are associated
with different environmental consequences. The data reveals
that climate variations have the highest impact on violence
levels, with 38 cases (47.5%) recorded at level 1, 14 cases

100% [
90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Land Health Health Living Plants and
degradation conditions of conditions of conditions of animals
the people workers the people

M less M Moderate More

Figure 2: Shows the degree of impact caused by industrial plants.

Source: Authors calculated (2018).

Table 4: Number of plants and the list of environmental impacts.

Land degradation 34 42.5
Health conditions of the people 35 43.75
Health conditions of workers 57 71.25
Living conditions of the people 43 53.75
Plants and animals 33 41.25

Total 80 100

Source: Authors calculated (2018).

Table 5: CO2 emission impacts on the environment.

Level of violence
cozemisslonimpects 41—z | 3 |

Climate variations 38 (47.5%) 14 (17.50%) 5(6.25%)
Alterations in seasons 6 (7.50%) 17 (21.25%) 13 (16.25%)
Intensified storms 13 (16.25%) 16 (20%) 15(18.75%)
Natural resources degraded 15 (18.75%) 14 (17.5%) 12 (15%)
Flooding 0 (0%) 1(1.25%) 3(3.75%)
Drought 2 (2.50%) 7 (8.75%) 7 (8.75%)
Deforestation-induced erosion 1(1.25%) 5(6.25%) 4 (5%)
Loss of biodiversity 1(1.25%) 2 (2.5%) 8 (10%)
Health issues 4 (5%) 4 (5%) 13 (16.25%)
Total 80 (100%) 80 (100%) 80 (100%)

Source: Authors calculated (2018).

(17.5%) at level 2, and 5 cases (6.25%) at level 3. Alterations
in seasons come in second, with 6 cases (7.5%) at level 1, 17
cases (21.25%) at level 2, and 13 cases (16.25%) at level 3.
Intensified storms follow, with 13 cases (16.25%) at level 1, 16
cases (20%) at level 2, and 15 cases (18.75%) at level 3. Natural
resource degradation ranks fourth, with 15 cases (18.75%) at
level 1, 14 cases (17.5%) at level 2, and 12 cases (15%) at level
3. Flooding, drought, deforestation-induced erosion, loss of
biodiversity, and health issues follow with varying impact
levels. The total number of cases for all categories is 80 (100%)
at all three levels. In summary, measures should be taken to
reduce CO2 emissions, particularly those that contribute to
climate variations and alterations in seasons, which have the
highest impact on violence levels. Additionally, efforts should
be made to raise awareness about the negative consequences
of CO2 emissions on the environment and human health and
encourage plants to take action to mitigate the impact of CO2
emissions on the environment and reduce the associated levels
of violence.

Perception of approach to reduce CO2 emission: This
section presents the viewpoints of entrepreneurs in the
industrial sector regarding their strategies for reducing CO2
emissions in Vientiane Capital and Laos as a whole. The
responses are depicted in Table 6, where the majority of
respondents of 56.25% expressed their approval of developing
accurate methods to measure CO2 emissions in different
industries. At the same time, a significant percentage of 51.25%
believed that mandating pollution treatment systems for all
plants would be a crucial step forward. Furthermore, 43.75%
supported initiatives aimed at improving the efficient use of
electric power in businesses, industries, and households, with
the goal of optimizing energy consumption and promoting
sustainability across various sectors.

In contrast, 36.25% of the participants showed their
endorsement of replacing conventional fuel sources with
renewable energy alternatives such as solar and wind power,
which would result in a significant reduction in greenhouse
gas emissions. On a broader scale, 30% of the respondents
advocated for establishing a dedicated organization solely
focused on environmental protection. This organization would
be responsible for devising and implementing strategies
to combat different environmental issues. Additionally, a
noteworthy percentage of 28.75% agreed that the primary
responsibility for providing pollution treatment systems should
lie with the government. Opinions regarding the reduction
of CO2 emissions varied. Roughly 27.25% of the participants
favored substituting coal and oil with natural gas as an
effective means of mitigating CO2 release into the atmosphere.
Another key aspect that received attention was efficiency.
Among the participants, 25% emphasized the importance of
enhancing efficiency in logistics and transportation operations
to minimize energy waste and reduce carbon emissions
associated with these activities.

Perception of key actors to cope with CO2 emission: This
section presents the viewpoints of industrial entrepreneurs
regarding the key actors involved in addressing CO2 emissions.
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The survey categorized these key actors into various groups
based on their roles, such as the government, plant owners,
people living near industrial plants, all people in Vientiane
Capital, and others. The distribution of respondents and their
respective percentages in each group are as follows:

Out of the total respondents, 30 plants (37.50%) expressed
the view that the government should be the key actor in
solving CO2 emissions. Additionally, a substantial proportion
of respondents, consisting of 25 plants (31.25%), believed that
plant owners should take the lead in addressing CO2 emissions.
On the other hand, 21 plants (26.25%) considered the entire
population of Vientiane Capital as the key actor in coping with
CO2 emissions.

Conversely, a small percentage of respondents, represented
by 2 plants (2.50% of the total), believed that individuals living
near industrial plants and other actors should play a key role in
addressing CO2 emissions.

In summary, there is a diversity of opinions regarding the
key actors involved in tackling CO2 emissions. Different groups
consider the government, plant owners, and the general
population of Vientiane Capital as important actors. Overall,
these findings highlight the need for a collective effort involving
various stakeholders to effectively address CO2 emissions and
work towards a more sustainable future (Table 7).

Discussion

The study on identify and examine the diverse
environmental challenges associated with industrial plants
in Vientiane Capital. By conducting thorough research and

Table 6: Shows the Approach to reducing CO2 emission options.

Approach to reducing CO2 emission options Plants (%)

Identify methods to measure CO2 emissions in various industries =~ 45 (56.25%)
Mandatory for all plants to install pollution treatment systems 41 (51.25%)
Pollution treatment systems are the government’s responsibility =~ 23 (28.75%)
Substituting coal and oil with natural gas to reduce CO2 emission = 22 (27.25%)
Using solar energy and wind power as an alternative power 29 (36.25%)
Establishing an organization dedicated to environmental protection 24 (30 %)
Preserve forests and restore degraded forest areas 41 (51.25%)
Enhancing efficiency in logistics and transportation operations 20 (25 %)

Enhancing the efficient use of electric power in business, industry,

75%
and households 35 (43.75%)

Source: Authors calculated (2018).

Table 7: Key actors to cope with CO2 Emission.

T s e ey

Government 30 37.50
Plant’s owner 25 31.25

People who live nearby 2 2.50
All people in Vientiane Capital 21 26.25
Other 2 2.50

Total 80 100

Source: Authors calculated (2018).

collecting relevant data, it was established that each and every
plant surveyed had encountered at least one environmental
problem. This significant discovery serves to underscore
the far-reaching impact of industrial activities on the
environment, highlighting the pressing need for immediate
action to address these issues. Furthermore, the study aligns
with previous research that has unequivocally demonstrated
the inherent link between industrial activities, climate change,
and Greenhouse Gas (GHG) emissions. The identification of
environmental issues within industrial plants serves as a stark
reminder of the urgent requirement for proactive measures and
strategies to effectively confront these challenges and ensure
the long-term sustainability of industrial operations. Potential
measures may encompass the adoption of cleaner production
technologies, the implementation of sustainable waste
management practices, the enhancement of energy efficiency,
and the promotion of renewable energy sources. By taking
proactive measures, industrial plants can actively mitigate
their environmental impact, diminish their carbon footprint,
and contribute to a more environmentally sustainable future.
Moreover, the study’s findings lend support to the notion that
environmental stewardship and sustainable practices should
be integral to industrial operations. By placing a premium
on environmental responsibility and integrating sustainable
practices into their day-to-day activities, industrial plants
can minimize their adverse effects on the environment and
play a vital role in safeguarding natural resources for future
generations [16-20].

The study focused on gathering the viewpoints of
entrepreneurs in the industrial sector to understand their
strategies for reducing CO2 emissions in Vientiane Capital.
One of the key findings highlighted the importance of raising
awareness about the detrimental effects of CO2 emissions on
the environment and human health. This indicates a pressing
need to educate and inform both industry stakeholders and
the general population about the negative consequences of
excessive CO2 emissions. Moreover, the study emphasized
the urgency of encouraging industrial plants to take proactive
measures in mitigating the impact of their CO2 emissions on
the environment. This aligns with the findings of previous
studies conducted by Porting, et al. [4], Carpio, et al. [2],
and Muhammad Awais, et al. [1]. These studies have also
underscored the significance of implementing strategies and
adopting technologies to reduce CO2 emissions and combat
climate change. By referencing these previous studies, the
current research further strengthens the argument for
immediate action to be taken to curb CO2 emissions. The
findings from Porting, et al., Carpio, et al., and Muhammad
Awais, et al.[1,2,4] provide additional support and credibility to
the conclusions drawn in the present study regarding the need
for proactive measures and strategies to address CO2 emissions
in Vientiane Capital [21-22].

Conclusions and recommendations

In conclusion, this study focused on investigating the
industrial entrepreneurs’ perception of greenhouse gas
emissions in Vientiane Capital, Lao PDR, and the environmental
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issues associated with plants. The results highlight the
following key findings:

The study examined environmental issues caused by
industrial plants in Vientiane’s Capital. It found that each
plant had at least one environmental problem. However, the
main was garbage issues. The study provides insights into the
environmental problems caused by industrial plants in different
categories. It indicates that wastewater release is perceived
as a relatively low issue, while noise pollution, garbage, air
pollution, and bad smells have varying degrees of impact.
Although the majority of respondents reported low levels of
concern in each category, there are still areas that require
attention and improvement. This includes addressing specific
sources of pollution, promoting sustainable waste management
practices, and reducing air pollution from industrial emissions
and local sources. These findings emphasize the importance of
taking proactive measures to address these issues and ensure
the sustainability of industrial operations.

The health of workers was identified as the most affected
caused by plants, followed by the living conditions of the local
population, the health of individuals in the surrounding area,
land degradation, and plants and animals also showed notable
effects. These findings emphasize the urgent need for proactive
measures and policies to address these impacts. Priority should
be given to safeguarding the health of workers and improving
the living conditions of local residents.

Climate variations were ranked as having the highest
impact on violence levels, when, examined the opinions of
plant owners regarding the most significant impacts of CO2
emissions, followed by alterations in seasons and intensified
storms. However, natural resource degradation, flooding,
drought, deforestation-induced erosion, loss of biodiversity,
and health issues also had varying impacts. The findings
emphasize the need for measures to reduce CO2 emissions,
particularly in relation to climate variations and alterations
in seasons. It is crucial to raise awareness about the negative
consequences of CO2 emissions on the environment and
human health and encourage industrial plants to take action in
mitigating the impact of CO2 emissions.

The study reveals several strategies suggested by industrial
entrepreneurs to reduce CO2 emissions in Vientiane Capital and
Laos. Key proposals include developing accurate measurement
methods for CO2 emissions and mandating pollution treatment
systems for all plants. Additionally, improving electric power
efficiency, adopting renewable energy sources, establishing
an environmental protection organization, and enhancing
efficiency in logistics and transportation are also deemed
important. To achieve CO2 emission reduction and promote
sustainability, it is recommended that the government
prioritize the development of accurate measurement methods
for CO2 emissions while implementing the other proposed
approaches in parallel.

The study reveals that the government, plant owners, and
the general population of Vientiane Capital are identified as
important actors in addressing the CO2 emissions problem.

These findings emphasize the importance of collective efforts
and the involvement of multiple stakeholders in effectively
addressing CO2 emissions.
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