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Abstract: Environmental issues caused by energy consumption have become increasingly prominent
in recent years. In some ecologically vulnerable areas of developing countries, the negative envi-
ronmental effects caused by farmers’ household energy consumption are closely related to the local
(and even global) ecological environment and human health. Taking a typical ecologically vulnerable
area of the Mongolian Plateau as an example, we combined a regression model, energy popularity
rate, and average energy consumption to explore the impact of livelihood diversification on herder
households’ energy consumption structures. We also attempted to quantify the environmental effects
of the energy transition in terms of greenhouse gas and air pollutant emissions. The findings show
that the average consumption of livestock dung, gasoline, coal, liquefied gas, solar, and wind of
livelihood diversification households (LDHs) is lower than that of pure herder households (PHHs),
whereas the average consumption of electricity is higher than that of PHHs. As a result, the average
emission of CO2 by LDHs is 5.14 t/a lower than that of PHHs. And compared with PHHs, the
average emission reductions of air pollutants by LDHs are ranked as follows: CO: 153.20 kg/a, PM10:
36.56 kg/a (including PM2.5: 32.94 kg/a), VOCs: 12.47 kg/a, SO2: 3.14 kg/a, and NOx: 3.06 kg/a.
Therefore, livelihood diversification can help herder households on the Mongolian Plateau reduce
emissions through energy consumption transitions. Strengthening education (especially language
education) can help herder households engage in livelihood diversification. This study provides a
scientific means for ecologically vulnerable areas in developing countries to resolve conflicts between
farming households’ energy consumption and the environment.

Keywords: livelihood diversification; energy consumption; carbon emissions; air pollutants

1. Introduction

Alongside economic growth, the human demand for energy has gradually increased [1].
An extensive use of energy can easily lead to damage to the ecological environment [2].
As a result, energy use is closely linked to environmental issues and has become a focus
of global concern [3–5]. Currently, the proportion of global energy demand due to house-
hold energy consumption continues to grow [6], and household energy has become an
important source of increased carbon emissions [7,8]. In some areas, the rate of household
energy consumption growth has exceeded that of the industrial sector [9]. Household
energy consumption behavior is closely tied to regional (and even global) ecological envi-
ronmental and human health [10,11]. Household energy consumption characteristics are
also affected by geographic and cultural factors and show significant spatial and social
differences [12–14].

The rational use of energy is necessary for rural economic development [15,16].
Biomass energy is one of the main energy sources for rural households in most devel-
oping countries [17–19]. Especially in many poor and ecologically vulnerable areas, due
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to limited resources and a lack of livelihood capital, farmers rely on biomass energy (hay,
livestock dung, firewood, and straw) for cooking and heating. This dependence has greatly
aggravated vegetation destruction and soil erosion problems, and it has had a critical
impact on ecological degradation [20].

How can we solve the dilemma of environmental damage caused by the energy con-
sumption of rural households in developing countries? Transitioning to a suitable energy
consumption structure is an effective approach [21]. When farmers gradually reduce their
dependence on traditional energy sources and increase their use of commercial and clean
energy consumption, positive environmental effects will occur [22]. How can we achieve a
transition in the energy consumption structure among farmers? Numerous studies have
explored the influencing factors of rural household energy consumption and transition
using field research and econometric models, and the findings indicate that farmers’ income
levels, living areas, education levels, assets, and other factors affect their energy decisions
to a certain extent [23–27]. Among these factors, income is central to the transition of rural
households’ energy consumption, especially nonagricultural income. For this study, we
defined herder households engaged in non-agricultural employment as livelihood diversi-
fication households (LDHs), and herder households solely engaged in animal husbandry
as pure herder households (PHHs). Whereas non-agricultural employment significantly af-
fects agricultural production [28–31], it also changes farmers’ energy consumption patterns.
For example, Ma revealed that the nonagricultural income of rural households in devel-
oping countries is positively correlated with expenditures on clean energy (electricity and
natural gas). As the deagriculturalization of rural households increases, such households
will become more inclined to use clean energy [32]. Démurger and Wang’s survey of China
also showed that non-agricultural income has significantly increased farmers’ spending on
durable goods such as household appliances, furniture, and transportation equipment. The
addition of these energy-consuming items indirectly affects farmers’ energy consumption
structure [33]. Studies have confirmed that diversifying farmers’ livelihoods facilitates
energy consumption transition. However, these studies mainly focus on traditional crop
farmers, and there is a lack of research on herder households in grasslands. The production
methods of animal husbandry and plantations are very different. The energy consumption
patterns of grower and herder households are also very different. In exploring the effects of
livelihood diversification on energy, the consumption transition of herder households can
contribute to research on energy and environmental issues faced in ecologically vulnerable
areas. In addition, studies have only qualitatively described the positive environmental
effects of livelihood diversification, whereas there is a lack of quantitative research on
these outcomes. Quantifying the energy and environmental effects of rural livelihood
diversification in developing countries will provide a scientific basis for policy-makers to
formulate corresponding sustainable development strategies.

China’s New Barag Left Banner is a typical pastoral area on the Mongolian Plateau,
which is located in the southeastern part of the plateau. It is both an ecologically functional
and ecologically vulnerable zone [34]. Grassland is the main ecosystem in New Barag Left
Banner, and pastoralism is the chief method of production [35]. Due to the high latitude and
altitude of the plateau and low temperatures in the winter, local residents have to consume
a considerable amount of energy for heating. Biomass, coal, and other high-emission energy
sources are widely used due to their low costs and accessibility, but they pose challenges to
local air quality and global climate change [13,36]. The ecological environment of the Mon-
golian Plateau has been seriously degraded, and governments of various countries have
actively taken countermeasures [37,38]. The grassland ecological compensation policy in
China serves as an example of government to providing subsidies to promote the transition
of local pastoralism. Under the guidance of such policies, many herder households have re-
duced their livestock numbers. Some herder households have also dedicated their surplus
labor to other jobs, gradually forming livelihood diversification to cope with the challenges
of ecological environment degradation [39–41]. Since the Mongolian Plateau plays an
important role in global climate change and ecological environment improvement [42,43],
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we examined New Barag Left Banner to explore the impact of livelihood diversification on
the energy consumption transitions of herder households on the Mongolian Plateau, and
we attempted to quantify the resulting environmental effects.

2. Materials and Methods
2.1. Study Sites

This study takes New Barag Left Banner, Inner Mongolia Autonomous Region, China as
the research area. (Figure 1). New Barag Left Banner (E117◦33′–120◦12′ and N47◦10′–49◦47′)
is located on the southeast border of the Mongolian Plateau and borders Russia along
the Argun River to the north and Mongolia to the southwest. We selected this location
for the following three reasons. First, New Barag Left Banner covers 22,200 km2, of
which more than 80% is grassland. In 2016, the Chinese government recognized it as one
of the first national key ecological function areas. Despite having important ecological
value, it has become a typical ecologically vulnerable area due to low precipitation levels
(approximately 300–400 mm/a), long snow seasons (approximately 140 days/a), and long-
term overgrazing. Second, the total population of New Barag Left Banner is 41,813, of which
68.6% are rural residents (mainly herder households). The region is thus a typical pastoral
area. These characteristics provide us with the basic conditions for studying the livelihood
and energy consumption of herder households. Third, the annual average temperature
in New Barag Left Banner is 0.2 ◦C. The long and harsh local winter conditions create a
higher energy demand for heating. Additionally, abundant mineral resources and unique
nomadic methods of production have rendered traditional energy sources, such as fossil
fuels (coal and gasoline) and biomass (livestock dung), as the primary local energy sources.
In summary, based on its three typical characteristics in terms of ecological value, methods
of production, and energy use, we selected New Barag Left Banner as our research area.
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2.2. Data Acquisition

The research team traveled to New Barag Left Banner to conduct the study during
April and May 2020. We first interviewed local government staff to better understand
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the circumstances of the ground. With their help, we used random sampling to send
survey questionnaires to herder households. The sample households covered every town
in the entire banner (Amugulang Town, Cuogang Town, Ganzhuer sumu, New Baolige
sumu, Wubuerbaolige sumu, Jibuhulangtu sumu, and Handagai sumu, for a total of
7 towns/sumus); the sample for each township was proportional to its total number
of herder households. Finally, we obtained a total of 203 valid questionnaires. These
203 respondents came from 39 different villages/gachas in New Barag Left Banner (for a
total of 71 villages/gachas in the whole banner). The distributions of income and livelihood
types of the sample households are similar to the actual local situation we learned about
during the interviews (Table 1). Therefore, the sample households can represent the overall
circumstances of New Barag Left Banner to a certain extent.

Table 1. Basic characteristics of the sampled herder households.

Indicator Category Sample Size Proportion

Type of livelihood PHHs 149 73.4%
LDHs 54 26.6%

Household size 1–3 people 64 31.5%
3–6 people 131 64.6%

More than 6 people 8 3.9%

Highest education level in
the household Primary school 13 6.4%

Junior high school 76 37.4%
High school and above 114 56.2%

Income level (yuan/a) Less than 100,000 83 40.9%
100,000–200,000 64 31.5%
200,000–300,000 35 17.2%
Above 300,000 21 10.3%

The questionnaire included three sections. The first section focused on basic infor-
mation on herder households, including current household sizes, education and income
levels. The second section focused on livelihood status and specifically whether households
engaged in other sectors in addition to animal husbandry and could be categorized under
livelihood diversification. The last section focused on energy consumption. The goal was
to understand the energy types, uses, and consumption levels of the herder households for
a year.

2.3. Methodology
2.3.1. Method

We explored the impact of livelihood diversification on the energy consumption
transitions of herder households on the Mongolian Plateau and quantified the resulting
environmental effects. During the survey, we found that since 2011, China’s grassland
ecological compensation policy strictly limits the number of herder households’ livestock
while providing subsidies to them in New Barag Left Banner. Under the combined influence
of the policy and other factors, some herder households began to enter the retail industry
or let young laborers come to work in towns while retaining restricted livestock production.
These circumstances created livelihood diversification. For this study, we combined a
regression model, energy popularity rate, and average energy consumption to explore the
impact of livelihood diversification on herder households’ energy consumption structures,
and then quantified the resulting environmental effects based on energy emission factors
(Figure 2).
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2.3.2. Impact of Livelihood Diversification on the Energy Consumption Structure of
Herder Households

We examined two types of herder households: Pure herder households (PHHs) and
livelihood diversification households (LDHs). Thus, we used a binomial logistic regression
model to explore the correlations between different livelihood types and various kinds of
energy consumption. The equation used is as follows:

ln
pi

1− pi
= β0 +

n

∑
k=1

βkxik + µ (1)

In the equation, pi is the probability of herder household i forming a diversified
livelihood; xik is the variable of herder household i’s consumption of the kth type of energy;
βk is the estimated parameter value corresponding to the kth type of energy; n is the number
of energy types; β0 is the intercept; and µ is a random variable.

In addition, we describe the results of the energy consumption transition through the
popularity and average consumption of various types of energy sources by herder house-
holds.

2.3.3. Environmental Effects of the Energy Consumption Structure Transition

Changes in the consumption of different kinds of energy will affect the emissions of
greenhouse gases and air pollutants. We used the equivalent factor of pollutant emissions
to calculate the difference in emissions. Among the greenhouse gases, we selected CO2 due
to its internationally recognized high contribution to the greenhouse effect. Air pollutants
in this study include sulfur dioxide (SO2), nitrogen oxides (NOX), carbon monoxide (CO),
volatile organic compounds (VOCs), inhalable particulate matters (PM10), and fine inhalable
particulate matters (PM2.5). The calculation formula for the mass of the above emissions is
as follows:

Ea =
n

∑
k=1

mkeka (2)
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In the formula, Ea is the mass of emission a from energy consumption by the herder
households; mk is the mass of the kth type of energy consumed by the herder households;
and eka is the the emission factor of pollutant a corresponding to the kth type of energy.

3. Results
3.1. Livelihood Diversification of Herder Households Improves the Energy Consumption Structure

Through the interviews and questionnaire surveys, we learned that the energy con-
sumed by the 203 sampled herder households in New Barag Left Banner includes livestock
dung, coal, gasoline, electricity, liquefied gas, solar and wind (Table 2). Regarding the
consumption of electricity, liquefied gas, gasoline, and coal, we calculated it based on the
fees paid by the herdsmen within a year. As most herder households do not have detailed
statistics on the amount of livestock dung collected every year, we defined the consumption
of livestock dung as a range variable, and estimated it based on households’ daily collection
volume and the length of their use each year. Similarly, due to the simple equipment, it
is difficult to quantify the specific consumption of solar and wind energy. In the survey,
we only judged whether the herder households consumed these two kinds of energy by
equipment usage. Among these energy sources, livestock dung and coal are mainly used for
indoor heating in the autumn and winter. Livestock dung is mostly collected outdoors, and
coal needs to be purchased. Gasoline is used for automobile transportation and agricultural
equipment. Electricity (from sources such as the electrical grid, solar and wind) is primarily
used for electrical appliances in daily life. Liquefied gas is chiefly used for cooking.

Table 2. Description of energy consumption variables of the sampled herder households in New
Barag Left Banner.

Variable Type Variable Variable Description Mean Standard Deviation

Dependent variable Livelihood
diversification 1 = Yes, 0 = No 0.27 0.443

Independent variable

Livestock dung
0 = Not used, 1 = 0–6 t/a,

2 = 6–18 t/a, 3 = 18–30 t/a,
4 = Over 30 t/a

1.70 1.190

Coal Continuous variable, t/a 5.17 4.400
Gasoline Continuous variable, kg/a 1225.29 1122.587

Electricity Continuous variable, kW·h/a 2240.54 3365.212
Liquefied gas kg/a 59.69 70.320

Solar 1 = Yes, 0 = No 0.64 0.482
Wind 1 = Yes, 0 = No 0.49 0.501

Under the combined influence of public policies and other natural and social factors,
54 of the 203 sampled herder households have formed livelihood diversification. The
results of the binomial logistic regression show that livelihood diversification among the
sampled herder households is inversely correlated with the consumption of livestock dung,
coal, gasoline, and solar (the significance level of gasoline reaches 0.1, and that of solar
energy reaches 0.05), whereas it is positively correlated with the consumption of electricity,
liquefied gas, and wind (the significance level of electricity reaches 0.05). The findings
indicate that, to a certain degree, with the formation of livelihood diversification in herder
households, their consumption of livestock dung, coal, gasoline, and solar has a tendency
to decrease, and their consumption of electricity, liquefied gas, and wind has a tendency to
increase (Table 3).

Regarding the popularity of various energy sources consumed by the two types of
herder households (Figure 3), excluding electricity, the other six energy sources are less
popular among LDHs than among PHHs. The changes in electricity and solar are the most
obvious. Electricity is 21.05% more popular among LDHs than among PHHs, whereas the
popularity of solar is 28.55% lower among LDHs. This is because the Chinese government
started the Village-to-Village project in 2004, and full access to electricity in villages is
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one of its main goals. From the implementation of the project, most of the towns and
villages in New Barag Left Banner are now connected to the electrical grid. To ensure that
every household has access to electricity, the government has funded the construction of
solar facilities for residents not connected to the grid. Most of these residents are PHHs in
remote pastoral areas. With the formation of livelihood diversification, some PHHs moved
into town or rural settlements (areas connected to the grid), and solar was replaced by
the electrical grid. Some of the abandoned solar infrastructure was wind-solar combined
equipment, causing the popularity of wind among LDHs to decline by 10.94%. In addition,
the popularity of livestock dung for diversified livelihood herders has also been reduced by
17.77%. This shows that when herder households form livelihood diversification, livestock
dung is also an easily replaceable energy source. For coal, gasoline, and liquefied gas, the
gap in their popularity is relatively small.

Table 3. Binomial logistic regression results of livelihood diversification and energy consumption of
herder households.

Variable Type Variable Regression
Coefficients Wald Test Statistic

Independent variable

Livestock dung −0.13122 0.643
Coal −0.01411 0.120

Gasoline −0.00035 * 3.170
Electricity 0.00011 ** 4.556

Liquefied gas 0.00077 0.095
Solar −1.08073 ** 5.230
Wind 0.51106 1.282

Constant - −0.29480 0.537
* Represents the significance level of 0.1; ** Represents the significance level of 0.05.
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According to China’s General Principles for the Calculation of Comprehensive Energy
Consumption (GB/T 2589-2020) [44] and related research [45], we converted the annual
consumption of each type of energy used by the sampled herder households into a standard
unit (coal equivalent) (Table 4).
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Table 4. Coal equivalent coefficient of herder household energy.

Energy Type Coal Gasoline Livestock Dung Liquefied Gas Electricity

Conversion coefficient 0.7143 1.4714 0.4710 1.7572 0.1229
Conversion unit kgce/kg kgce/kg kgce/kg kgce/kg kgce/kW·h

Combining the energy consumption of herder households (Table 2) and the coal equiv-
alent coefficient (Table 4), we obtained the average energy consumption of the two types of
herder households. The consumptions of coal, gasoline, liquefied gas, and electricity are
obtained by direct calculation. As solar and wind are difficult to quantify and they are often
used as an alternative to electrical grid power, the average level of electricity consumption
by herder households connected to the electrical grid is used instead. The livestock dung
is measured as a range variable, and the median is used instead. Finally, the overall en-
ergy consumption structure of the sample households (livestock dung: 5297 kgce/a, coal:
3696 kgce/a, gasoline: 1803 kgce/a, liquefied gas: 105 kgce/a, electricity: 275 kgce/a, solar
and wind: 264 kgce/a) and the respective energy consumption structures of the two types
of households (Figure 4) are obtained.
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Results show that livestock dung, coal, and gasoline are the main forms of energy
consumed by herder households, accounting for 94.37% of total energy consumption.
Livestock dung is the energy source most used by the herder households, comprising
47.03% of the energy consumption of PHHs and 43.75% of that of LDHs. Compared to
PHHs, the consumption of the three central energy sources by LDHs has decreased. Among
the three energy sources, gasoline consumption shows the greatest decline at 35.46%. This is
the case because diversified livelihood herder households perform less work in the pastoral
area than PHHs. As transport time has shortened, the use of agricultural machinery
has also fallen, so the demand for gasoline has decreased. The consumption of livestock
dung decreased by 26.53% because after some PHHs formed livelihood diversification,
the reduction in livestock production made it more difficult to collect livestock dung. The
relocation of their residences has also allowed these households to gradually phase out the
use of poorly insulated yurts, reducing their consumption of livestock dung. For coal, since
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it is inexpensive, easily available, and efficient, the two types of herder households exhibit
relatively stable demand for it, and the difference in consumption is not obvious.

3.2. Livelihood Diversification of Herder Households Helps Reduce emissions

In the process of energy generation and consumption, large amounts of CO2 and air
pollutants are produced. Combining relevant data platforms, government work reports,
and scholars’ research conclusions, we have listed CO2 emissions inventories from the
energy used by sample herder households (Table 5). Specifically, the emission factors for
thermal power generation and coal mining come from the IPCC official website [46]. The
consumption emission factors of coal, gasoline, and liquefied gas come from the Building
Carbon Emission Calculation Standards promulgated by Ministry of Housing and Urban-
Rural Development of the People’s Republic of China [47]. Based on the work of related
scholars [48,49], we used 80 kgoe/t as the unit of energy consumption for oil refining and
gas refining, then through calculation, we obtained the CO2 emission factors of gasoline
and liquefied gas during the production process. Finally, we obtained the CO2 emission
factor for livestock dung consumption from related research [50]. Due to the relatively
small emissions, we ignored the CO2 emissions from electricity consumption, livestock
dung production, and wind/solar equipment.

Table 5. CO2 emissions inventory of energy sources from sampled herder households.

Stage Electricity
(tCO2/TJ)

Coal
(tCO2/t)

Gasoline
(tCO2/t)

Liquefied
Gas

(tCO2/t)

Livestock
Dung

(tCO2/t)

Production 88.7 0.20 0.23 0.23 -
Consumption - 1.86 2.92 3.11 0.90

According to the statistics, the average consumption levels of the five energy sources
by the sampled PHHs are 12.10 t/a of livestock dung, 5.34 t/a of coal, 1.35 t/a of gasoline,
60 kg/a of liquefied gas, and 1811 kW·h of electricity. The average consumption levels
of the five energy sources by the sampled LDHs are 8.89 t/a of livestock dung, 4.73 t/a
of coal, 0.87 t/a of gasoline, 58 kg/a of liquefied gas, and 3426 kW·h of electricity. Based
on the emissions inventory, we calculated the CO2 emissions of the two types of herder
households (Figure 5). The average CO2 emissions of the sampled herder households’
energy consumption reach 25.56 t/a. A total of 41.71% of the CO2 comes from coal, 39.60%
comes from livestock dung, 15.10% comes from gasoline, 2.8% comes from electricity, and
0.78% comes from liquefied gas. The average CO2 emissions of LDHs are 5.14 t/a lower
than those of PHHs. Specifically, the emissions from livestock dung decrease by 2.89 t/a,
the emissions from liquefied gas decrease by 0.01 t/a, the emissions from gasoline decrease
by 1.51 t/a, the emissions from coal decrease by 1.24 t/a, and the emissions from electricity
increase by 0.51 t/a.

For the emissions of air pollutants, we only considered the energy consumption
stage. As electricity, liquefied gas, wind, and solar emit fewer air pollutants during the
consumption process and account for a fairly small share of the energy consumption
of households, our study only covers coal, livestock dung, and gasoline. According
to Technical Guidelines for the Compilation of an Air Pollutant Emission Inventory of
Civil Coal (Trial), Technical Guidelines for the Compilation of an Air Pollutant Emission
Inventory of Biomass Combustion Sources (Trial), Technical Guidelines for the Compilation
of an Air Pollutant Emissions Inventory of Road Motor Vehicles (Trial) and Technical
Guidelines for the Compilation of an Air Pollutant Emissions Inventory of Non-road
Mobile Sources (Trial) [51] issued by the Ministry of Ecology and Environment of the
People’s Republic of China, we compiled an air pollutant emissions inventory for the
abovementioned three energy sources (Table 6).
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Table 6. Air pollutant emissions inventory of three energy sources from sampled herder house-
holds (g/kg).

Energy SO2 NOx CO VOCs PM10 PM2.5

Livestock
dung 0.28 0.58 19.8 3.13 8.84 8.22

Coal 3.7 1.6 140.1 4 13.5 10.8
Gasoline - 0.44 9.38 - 0.04 0.04

Gasoline is a liquid fuel, and China’s gasoline is usually desulfurized, so we disregarded VOCs and SO2 emissions.

Compared with PHHs, LDHs reduce the consumption of these three energy sources
by 1513 kgce/a of livestock dung, 706 kgce/a of gasoline, and 432 kgce/a of coal. The
emission reductions of air pollutants by LDHs compared to those of PHHs are as follows:
CO: 153.20 kg/a, PM10: 36.56 kg/a (including PM2.5 32.94 kg/a), VOCs: 12.47 kg/a, SO2:
3.14 kg/a, and NOx: 3.06 kg/a (Figure 6). CO is harmful to human health [52,53] and is
the air pollutant most heavily generated through energy consumption among the sampled
herder households. The CO emissions per unit mass of coal and livestock dung consump-
tion are higher than those of gasoline, especially for coal, whose CO emission factor is
approximately 15 times that of gasoline. Thus, although the reduction of coal consumption
by LDHs compared to that of PHHs only accounts for 16.30% of the reduction of the
three energy sources, the CO reduction of coal accounts for 55.33% of the total reduction.
Moreover, for developing countries that are rapidly advancing in terms of industrialization,
PM10 and PM2.5 are indicators of great concern in the atmospheric environment. PM2.5,
considered the main component of air smog, is becoming a common problem faced by
many developing countries [54]. In this study, we found PM10 (including PM2.5) to be
the second most abundant air pollutant produced through energy consumption among
the sampled herder households, following only CO. Unlike what we found for CO, the
reduction of PM10 (including PM2.5) among LDHs, compared to PHHs, mainly comes
from the reduction in the use of livestock dung. This is the case because the difference
between the PM10 and PM2.5 emission factors of livestock dung and coal is relatively small,
whereas the reduction of livestock dung consumption by LDHs, compared to PHHs, is
approximately 3.50 times the reduction of coal.
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PM10 and PM2.5 produced by gasoline consumption in this study represent less than
1% of the production by livestock dung or coal and are therefore ignored.

4. Discussion

Previous studies have found that livelihood diversification can help increase the
proportion of clean energy consumption among growers [32,33]. We draw the similar
conclusion for herder households. On this basis, we quantified the environmental effects
of herder households’ energy consumption transition through the equivalent factor of
material emissions of the energy consumption.

Livelihood diversification can indeed help herder households on the Mongolian
Plateau reduce emissions, but in research, only 26.6% of the sample households have
undergone livelihood diversification. Therefore, how can this proportion be expanded to
obtain greater environmental effects? The transformation of rural households’ livelihoods
is mainly affected by public policies, the natural environment, and livelihood capital [55].
Regarding public policies, as mentioned in the Introduction and Section 2.3, China has
implemented a grassland ecological compensation policy. This policy has helped many
households to form livelihood diversification. As for the natural environment, it is difficult
for us to change. Hence, we want to emphasize promoting the livelihood diversification of
herder households by enhancing their livelihood capital.

The change of livelihood capital, especially the improvement of human capital (the
number of people in the labor force and education level), can foster the formation of



Agronomy 2022, 12, 267 12 of 14

livelihood diversification [56,57]. In this study, 43.8% of the sampled households have the
highest education levels of primary school or junior high school. These levels of education
make it difficult for them to eliminate dependence on traditional animal husbandry to
engage in new jobs. In addition, most households in the study area are ethnic minorities
in China. The language barrier between them and the outside also limits the formation of
livelihood diversification. Hence, the local government should enhance the human capital
of herdsmen by strengthening education, especially language education. This will provide
them with conditions for jobs other than animal husbandry.

Finally, this study has limitations. First, we quantified the environmental effects of
livelihood diversification among herder households based on the literature and emission
inventories provided by government agencies. These data may deviate from actual local
conditions. Second, as many emission mechanisms are not clear, the air pollutant emissions
calculated in this study only consider the consumption process. Therefore, we look forward
to more specific, accurate, and multidimensional energy and environmental research in
the future.

5. Conclusions

Taking a typical ecologically vulnerable area of the Mongolian Plateau as an example,
we combined a regression model, energy popularity rate, and average energy consumption
to explore the impact of livelihood diversification on herder households’ energy consump-
tion structures. We also attempted to quantify the environmental effects of the energy
transition in terms of greenhouse gas and air pollutant emissions. The average consump-
tion of livestock dung, gasoline, coal, liquefied gas, solar, and wind energy of LDHs is
lower than that of PHHs, whereas the average consumption of electricity is higher than
that of PHHs. As a result, the average emission of CO2 by LDHs is 5.14 t/a lower than that
of PHHs. And compared with PHHs, the average emission reductions of air pollutants
by LDHs are ranked as follows: CO: 153.20 kg/a, PM10: 36.56 kg/a (including PM2.5
32.94 kg/a), VOCs: 12.47 kg/a, SO2: 3.14 kg/a, and NOx: 3.06 kg/a. Hence, livelihood
diversification can help herder households on the Mongolian Plateau achieve emissions
reduction via energy consumption transition. Strengthening education (especially language
education) can help herder households to form livelihood diversification.
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