4

X/
*

Scientific
0”‘ Research
94% Publishing

()

%

Atmospheric and Climate Sciences, 2023, 13, 526-538
https://www.scirp.org/journal/acs

ISSN Online: 2160-0422

ISSN Print: 2160-0414

Air Pollution, Global Warming and Difficulties
to Replace Fossil Fuel with Renewable Energy

Chunji Liu?*, Qinghua Li2

"Business School, Wuzhou University, Wuzhou, China

2Economic School of Henan University, Kaifeng, China

Email: *liucjkf@126.com

How to cite this paper: Liu, C.J. and Li,
Q.H. (2023) Air Pollution, Global Warming
and Difficulties to Replace Fossil Fuel with
Renewable Energy. Atmospheric and Cli-
mate Sciences, 13, 526-538.
https://doi.org/10.4236/acs.2023.134030

Received: August 28, 2023
Accepted: October 13, 2023
Published: October 16, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(OMOMMY e pcces:

Abstract

Since the Industrial Revolution, greenhouse gas (GHG) emissions have great-
ly increased with the increased use of fossil fuels, leading to air pollution and
global warming. We present the researches on air pollution and the use of
fossil fuels in north China, the economic zone of Changsha-Zhuzhou-Xiangtan
and the economic zone of the Pear]l River Delta region. Researches indicate
that the use of fossil fuels has been the main source of air pollution in the
three regions. We present researches on global mean surface temperature
(GMST) with the rise of carbon dioxide concentration (CDC) and global fos-
sil fuel consumption (GFFC); researches indicate that the rise in CDC can
account for 91% of the rise in GMST, and GFFC can account for 90% of the
rise in GMST. We analyse the factors that bring about air pollution and tem-
perature rise, they are the use of fossil fuels and deforestation. It is critically
important to replace fossil fuels with clean energy, but renewable energy has
also disadvantages. The world faces difficulties in solving air pollution and
global warming, so governments of the world should cooperate to solve the
technologies of clean energy, and preserve the forests and the natural envi-
ronment.
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1. Introduction

Anthropogenic air pollution is becoming serious in winter in big cities, such as
New Delhi, Karachi, Lima, and Beijing. 150 million tons of SO,, 53 million tons
of nitrogen oxides, 20 billion tons of CO,, millions of tons of fluorinated sub-

stances, mercury, freon and other toxic pollutants are released into the air every
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year [1]. 90% people of urban areas are exposed to air pollution with PM2.5
above the standard of the WHO air quality of 10 pg/m’. In 2013, international
agency for cancer research classified outdoor air pollution as a human carcino-
gen. Acute and chronic respiratory disease, stroke, lung cancer, heart disease are
associates with poor air quality and air pollution. 7 million people died from
household and ambient air pollution in 2016 [2]. About 2.5 million people die
each year worldwide from indoor air pollution [3].

75% of global greenhouse gas emissions are from the use of fossil fuels, and
large amount of local air pollution is brought about by the use of fossil fuels,
which leads to 5 million premature deaths each year [4]. Steam engines and di-
esel engines have been the main driving forces for most industries after the In-
dustrial Revolution, and fossil fuels have been the dominant energy sources.
From 2000 to 2019, global CO, emission accounted for 30.7% of global cumula-
tive emissions, the growth of CO, emission during this period is the fastest in
human history [5].

The regions with the highest annual mean levels of urban PM2.5 are in
South-East Asia with a PM2.5 concentration of 57.3 pg/m’, followed by the
Eastern Mediterranean Region with a PM2.5 concentration of 54.0 pg/m’ [2].
Owing to poor ventilation, the solid fuels in stoves do not burn efficiently, pro-
ducing large amounts of black carbon and other harmful gases that pose great
harm to the health of children and women in rural areas. There are 3 billion
people cooking with polluting fuels worldwide, especially in African Region [2].

There is observational evidence that global mean surface temperature (GMST)
has been rising, and this rising trend has been very obvious since 1950. GMST
was —0.16°C in 1880, and it was 0.84°C in 2021, thus an increase of 1.0°C. The
mean surface temperature of the Northern Hemisphere was —0.28°C in 1880,
and it was 1.14°C in 2021, thus an increase of 1.42°C. The mean surface temper-
ature of the Southern Hemisphere was —0.04°C in 1880, and it was 0.55°C in
2021, thus an increase of 0.59°C. GMST of 2020 was 1.02°C, the highest temper-
ature in history [6]. Due to the enhanced greenhouse effect, the growth rate of
GMST nearly doubled in the past 50 years, GMST has increase by 0.6°C - 0.9°C
from 1906 to 2005 [7]. The temperature rise in the tropical regions is also evi-
dent, although it has a lower temperature rise than most other regions [8].

The global average sea level rose by 248.92 mm from 1880 to 2021 [9]. There
are 6200 Gt of glaciers lost from 1993 to 2019, which is equivalent to the rise of
global sea level of 17.1 mm on average. The Greenland ice sheet has lost 4890 Gt
from 1992 to 2020, which is equivalent to the rise of global sea level of 13.5 mm
on average. The melting rate of the Greenland ice sheet is accelerating: the loss
rate of ice sheet was 39 Gt/yr from 1992 to 1999, 175 Gt/yr from 2000 to 2009,
243 Gt/yr from 2010 to 2019. The Antarctic ice sheet lost 2670 Gt from 1992 to
2020, which is equivalent to the rise of global sea level of 7.4 mm on average. The
melting rate of the Antarctic ice sheet is also accelerating: the loss rate of ice
sheet was 49 Gt/yr from 1992 to 1999, 70 Gt/yr from 2000 to 2009, and 148 Gt/yr
from 2010 to 2019 [8].
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The following part of the paper is arranged in this way: the second part of the
paper is air pollution and fossil fuel in China; the third part is global warming
and greenhouse gas emissions; the fourth part is disadvantages of renewable
energy; the fifth part is discussion, we discuss the situation of global greenhouse

gas emissions and deforestation; the sixth part is conclusion.

2. Air Pollution and Fossil Fuel in China

The North China region includes Beijing, Tianjin, Hebei, Shanxi, Inner Mongo-
lia, Shandong, Henan, and part of Liaoning Province. There are many heavy in-
dustrial bases in Beijing, Tianjin, Hebei, and Shandong. The energy base of Chi-
na is Shanxi. There is serious air pollution in this area, and pollution can spread
rapidly from province to province. China’s sandstorm is from Inner Mongolia
Province. There are many industries that use fossil fuels as the main energy or
raw materials, such as thermal power plants, steel plants, coke plants, metallur-
gical plants, cement plants and petrochemical plants. Coal is widely used in this
area, and it is the main source of pollution. In 2003, the use of coal caused sig-
nificant pollution in North China, coal-fired pollution accounted for 13.6% of
PMI10 emissions, 14.1% of PM2.5 emissions, 64.1% of the nitrogen oxide (NO,)
emissions, 99.0% of sulfur dioxide (SO,) emissions, 1.5% of non-methane vola-
tile organic compounds (NMVOCs) emissions and 57.5% of carbon monoxide
(CO) emissions.

In 2000 in the North China, among the 254 cities monitored, the pH values of
precipitation ranged from 4.10 to 7.70, and 157 cities had acid rains, accounting
for 61.8% [10]. Many cities suffer from severe NO, pollution, excessive ozone
concentrations and photochemical smog [11]. Inhalable particulate matter has
become the primary air pollutant in the cities in northern China. In major cities
in North China, such as Beijing, Tianjin, and Shijiazhuang, the annual emission
of PM10 is 50 t/km”. In some heavily polluted cities, or cities in winter with se-
vere air pollution, the annual emission of PM10 is 200 t/km®. In lightly polluted
cities, the annual emission of PM2.5 is 20 t/km’. In some heavily polluted cities,
or cities in winter with severe air pollution, the annual emission of PM2.5 is 100
t/km?* [12].

In lightly polluted cities, the annual emission of NO, is 20 t/km? while in
heavily polluted cities, the annual emission is 100 t/km”. In lightly polluted cities,
the annual emission of SO, is 10 t/km’, while in heavily polluted cities, the an-
nual emission is 100 t/km?. In lightly polluted cities, the annual emission of CO
is 50 t/km?, while in heavily polluted cities, the annual emission is 200 t/km”. In
lightly polluted cities, the annual emission of NMVOCs is 10 t/km? while in
heavily polluted cities, the annual emission is 100 t/km’. In lightly polluted cities,
the annual emission of ammonia (NH;) is 10 t/km? while in heavily polluted ci-
ties, the annual emission is 50 t/km?* [12].

In 2003, in the North China region, the emissions of atmospheric particulate

matter of PM10 were 10.46 million tons, of which 21.2% were from the use of
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fossil fuels. The emissions of PM2.5 were 5.48 million tons, of which 24.4% were
from the use of fossil fuels. The emissions of NO, were 5.3 million tons, of which
94.9% were from the use of fossil fuels. The emissions of SO, were 9.58 million
tons, of which 99% were from the use of fossil fuels. The emissions of CO were
46.73 million tons, of which 79.8% were from the use of fossil fuels. The emis-
sions of UMVOCs were 3.85 million tons, of which 56.2% were from the use of
fossil fuels. The emissions of MH3 were 5.3 million tons, of which 1.3% were
from the use of fossil fuels [12].

In 2013 in the economic zone of Changsha-Zhuzhou-Xiangtan, the emissions
of atmospheric particulate matter of PM10 were 113981.99 tons, of which
22.19% were emitted from the use of fossil fuels. The emissions of PM2.5 were
about 56610.53 tons, of which 32.17% were from the use of fossil fuels. The
emissions of NO, were 144071.14 tons, of which 73.52% were from the use of
fossil fuels. The emissions of SO, were 132559.08 tons, of which 73.81% were
from the use of fossil fuels. The emissions of volatile organic compounds
(VOCs) were 158255.69 tons, of which 25.73% were from the fossil fuels. The
emissions of NH; were 75512.6 tons, of which 0.8% were from the fossil fuels
[13].

We can see that in the economic zone of Changsha-Zhuzhou-Xiangtan, in
2013, the main polluting sources were from the use of fossil fuels, they can be di-
vided into the following categories: 1) fixed-point combustion of fossil fuels,
such as power plants; 2) moving vehicles, such as cars and trucks; and 3) stored
diesel and gasoline or diesel and gasoline in transportation. The monitoring data
of urban environmental air quality from 2014 to 2017 indicated that the vast
majority of heavy air pollution in the economic zone of Changsha-Zhuzhou-
Xiangtan occurred from mid October to mid March of the following year, about
five months [14]. In fact, in northern China, during this period, it is relatively
cold. Cities are mainly heated by the use of coal and natural gas, and the use of
fossil fuels will increase sharply, resulting in severe air pollution. Many elderly
people pass away during this period in China.

In 2012, in the economic zone of the Pearl River Delta region, the annual
emission of PM10 was 495,200 tons, of which 37.08% were from the use of fossil
fuels. The emissions of PM2.5 were 192,300 tons, of which 59.8% were from the
use of fossil fuels. The emissions of NO, were 942,800 tons, of which 99.19%
were from the use of fossil fuels. The emissions of SO, were 466,100 tons, of
which 97.86% were from the use of fossil fuels. The emissions of CO were
4,626,600 tons, of which 88.23% were from the use of fossil fuels. The emissions
of VOCs were 864,000 tons, of which 40.51% were from the use of fossil fuels.
The emissions of NH; were 190,300 tons, of which 6.57% were from the use of
fossil fuels [15].

The Pearl River Delta region is an economically developed area in China. A
large amount of fossil fuels are used by thermal power plants, industries and ve-

hicles. This place is densely populated, with a large number of industrial enter-
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prises and motor vehicles. Therefore, the pollution is relatively serious in this re-
gion, the main pollutant is PM2.5. In 2014, the annual average concentration of
PM2.5 was 22 pg/m’ and the annual average concentration of PM10 was 61
pg/m’. There were 298 days that met the air quality standard, accounting for
81.6% of the year.

We can see that the situation of air pollution in north China was serious in the
2000s, air pollution was all year around, and winter was the worst. In the eco-
nomic zone of Changsha-Zhuzhou-Xiangtan, air pollution is serious from
mid-October to mid-March of the following year, air pollution is relatively not
serious in the remaining 7 months. The situation of air pollution in the Pear]
River Delta region is much better than that in north China, it is also better than
that in the economic zone of Changsha-Zhuzhou-Xiangtanin. Its main pollution
sources are thermal power plants, light industrial enterprises, and various ve-

hicles.

3. Global Warming and Greenhouse Gas Emissions

The use of fossil fuels releases greenhouse gas (GHG), which pollutes the air and
leads to the rise of GHG concentration, more GHGs trap more solar energy and
lead to the rise of surface temperature. The use of global fossil fuels was 2575
TWh in 1880, and 136,761 TWh in 2019, thus an increase of 52.11 times [16].
Global CO, emissions were 85,371 million tons in 1880, 36441.39 million tons in
2019, thus an increase of 41.69 times [17]. From 1750 to 2009, the carbon dio-
xide concentration (CDC) has risen by 38%, and the concentration of methane
has increased by 148% [7]. The atmospheric CDC was 287.77 ppm in 1880, and
it was 417.65 ppm in 2022, thus an increase of 45.13% [18]. We can see that the
growth rate of CDC in recent decades is a little faster than that before the 1960s.
We conduct regression analysis with GMST as dependent variable [6], and with
CDC as independent variable [18], the time is from 1880 to 2019. We present the
outcome in Table 1. We can see that t-Statistics are significant at 5% confidence
level; F-statistic is also significant, which means that the positive relationship
between GMST and CDC is robust. R-squared is 0.91, which means that the
changes of atmospheric CDC account for 91% of the rise of GMST.

To know the effect of fossil fuel consumption on global warming, we also
conduct regression with GMST as dependent variable [6], with global fossil fuel
consumption (GFFC) as independent variable [19]. Fossil fuels include oil, gas
and coal, the units are exajoules. The time of the data of GFFC is from 1965 to
2022. The outcome is presented in Table 2. We can see that there is a positive
relationship between GMST and GFFC, changes in GFFC can account for 90%
of the rise in GMST. t-Statistics are significant at 5% confidence level, F-statistic
is also significant. We conduct pairwise Granger causality tests between GMST
and GFFC, the outcome indicates that GFFC does Granger cause GMST, while
GMST does not Granger cause GFFC. These outcomes indicate that GFFC has

intensified the greenhouse effect, and brought about global warming.
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Table 1. Regression output between GMST and CDC.

independent variables: coefficient: t-Statistic: R-squared: 0.91
C —331.53 —32.75 F-statistic: 1152.36
cDC 1.03 33.95 D-W statistic: 1.19

Note: here Cis the intercept.

Table 2. Regression output between GMST and GFFC.

independent variables: coefficient: t-Statistic: R-squared: 0.90
C —57.2 —12.88 F-statistic: 5152.0
GFFC 0.3 22.69 D-W statistic: 1.52

Note: here Cis the intercept.

Figure 1 is changes in the global mean concentration of carbon dioxide
above the ocean surface from 1959 to 2021, the units are ppm [20]. The x-axis
represents the rise of the concentration of carbon dioxide in ppm, and the y-axis
represents the time in years. We can see that the upward trend of global mean
concentration of carbon dioxide is clear from 1959 to 2021, of course, it is full of
fluctuation.

4. Disadvantages of Renewable Energy

Renewable energy has been replacing fossil fuels across the world, but renewable
energy has also disadvantage. First, renewable energy is susceptible to weather,
which makes them intermittent and unreliable. For example, solar power gene-
rators do not work at night, wind turbines cannot generate electricity when the
wind speed is lower than the critical values, the hydroelectric facility will gener-
ate little or no electricity if the water level is too low and the water flow is slow.
Second, renewable energy sources are unreliable without large-scale storage fa-
cilities, electric fluctuations can damage appliances and cause losses to users,
economical and practical energy storage facilities are necessary for the large-scale
application of renewable energy. A battery system for an ordinary family is
around $5000 or even more. If installing a power storage system is beyond your
budget and the power generation system cannot generate electricity due to
weather, you will have no power available. Third, renewable energy is currently
impractical for the transport and aviation sectors with current technology. The
technology for large-scale storage facilities is not mature and it does not have
economic advantage. Finally, large dams and reservoirs affect geological struc-
tures, generate earthquakes, and alter the ecological environment.

Wind power generation increases with the cube of wind speed, therefore wind
turbine generators should be installed in areas with high wind speed, such as
seashores, plains and mountain passes. If wind farms are far away from cities,
transmission lines need to be built to deliver electricity from wind farms to ci-

ties, which add cost to wind electricity. Wind power is seasonal, wind turbines
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Figure 1. Changes in the global mean concentration of carbon dioxide above the ocean surface from 1959 to

2021. The x-axis represents the rise of the concentration of carbon dioxide in ppm, and the y-axis represents

the time in years.

work at full capacity in seasons of strong wind. Wind turbines generate much
less electricity in seasons of low wind speed. Wind turbines produce broadband
noise, which is harmful not only to birds, but also to human health. Birds are
killed if they fly into rotating turbine blades, so rotating wind blades change local
habitats and affect certain birds.

The embankment of a dam cannot be built anywhere, it must be environmen-
tally sustainable. The construction of a dam generally takes a lot of investment
and time. During dry seasons, the water level is low, and the hydro power plant
cannot generate electricity at full capacity. Fish habitats are formed by water lev-
el, water flow speed, access to food, and the possibility of shelter. Hydro power
plants change the ecosystems, and these changes could be disastrous for certain
fish species. In fact, building a dam not only change the animal habitats, but also
the human habitats. Cities and towns may be wiped off the map when a big hy-
dro power plant is built, people will have to resettle elsewhere.

Did the Three Gorges Dam cause the Wenchuan earthquake and the Ya an
earthquake? The Wenchuan earthquake occurred on May 12, 2008 in Sichuan
Province, with a magnitude of 8.0. It caused a total of 69,227 deaths, 17,923
missing, 374,643 injured to varying degrees, 19.93 million people lost their
homes, and the total affected population reached 46.26 million [21]. The Ya an
earthquake occurred on April 20, 2013, with a magnitude of 7.0, also in Sichuan
Province. It caused a total of 196 deaths, 21 missing, 11,470 injured, and 1.52
million people affected [22].

Research [23] indicated that the impoundment of the Three Gorges Reservoir
leads to changes in the gravity field in the western region of Sichuan, and brings
about earthquakes. As time goes on, the change in gravity field becomes increa-
singly significant. Therefore, long-term energy accumulation will lead to large-scale
earthquakes. Empirical researches indicate: 18 years after the construction of the
Three Gorges Reservoir, the frequency of earthquake in the western region of
Sichuan has significantly increased compared to 18 years before the construction
of the Three Gorges Dam. Wanli Huang, one of China’s leading experts on hy-
draulic engineering, once said that the Three Gorges Dam would change the

geological structure and bring ecological disaster.
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5. Discussion

5.1. Developing Countries Have Become Major Emitters in CO:
Mission, the Consumption of Fossil Fuels Is Still Growing

From 1850 to 2005, the total CO, emissions in developed countries accounted
for 60% - 80% of the world total, and developing countries accounted for 40% -
20% [24]. In 2004, CO, emissions in the non-OECD countries were 13626.7 mil-
lion tons, exceeding that in the OECD countries (13,450 million tons). Since
then, CO, emissions in the non-OECD countries have been more than that in
the OECD countries, and the trend has continued to the present with no sign of
decline [25]. In 2020, the total CO, emissions in the OECD countries was
10778.1 million tons, accounting for 33.3% of the world’s total, the average an-
nual growth rate was —0.4% from 2009 to 2019 [26]. In non-OECD countries,
the total CO, emissions were 21540.5 million tons in 2020, accounting for 66.7%
of the world’s total, the average annual growth rate was 2.5% from 2009 to 2019
[26]. Developing countries have been the major emitters in CO, emissions.

In 2005, China’s CO, emissions were 6098.2 million tons, surpassing the
United States and becoming the first country. In 2020, its CO, emissions were
9899.3 million tons, accounting for 30.7% of the world’s total [26]. China’s fossil
fuel consumption was 41.89 Exajouls in 2001, 122.67 Exajouls in 2020, thus an
increase of 1.93 times. In 2020, China’s fossil fuel consumption accounted for
84.33% of its total primary energy consumption [26]. Renewable energy con-
sumption in China was 2.79 Exajoules in 2001 (including hydroelectricity), 19.53
Exajoules in 2020, thus an increase of 6 times. In 2020, China’s renewable energy
consumption accounted for 13.43% of its total primary energy consumption,
with an annual average growth rate of 31.58% from 2001 to 2020 [26].

The United States is the second largest country in CO, emissions, and its CO,
emissions were 4457.2 million tons in 2020, accounting for 13.8% of the world’s
total. Fossil fuel consumption in the United States was 81.87 Exajouls in 2001,
71.69 Exajouls in 2020, thus an decrease of 12.43%. Fossil fuel consumption in
2020 accounted for 81.66% of its total primary energy consumption [26]. Re-
newable energy consumption in the United States was 2.97 Exajoules in 2001
(including hydroelectricity), 8.71 Exajoules in 2020, thus an increase of 1.93
times. In 2020, renewable energy consumption accounted for 9.92% of its total
primary energy consumption, with an average annual growth rate of 10.17%
from 2001 to 2020 [26].

India is the third largest country in CO, emissions, its CO, emissions were
2302.3 million tons in 2020, accounting for 7.1% of the world’s total. India’s fos-
sil fuel consumption was 12.49 Exajouls in 2001, 28.71 Exajouls in 2020, thus an
increase of 1.3 times. The fossil fuel consumption in 2020 accounted for 89.78%
of its total primary energy consumption [26]. Renewable energy consumption in
India was 0.76 Exajoules in 2001 (including hydroelectricity), 2.88 Exajoules in
2020, thus an increase of 2.79 times. In 2020, renewable energy consumption

accounted for 9.01% of its total primary energy consumption, with an average
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annual growth rate of 14.68% from 2001 to 2020 [26].

In 1970, the total global consumption of fossil fuel was 53,381 TWh, account-
ing for 93.74% of global total primary energy, and it was 136,761 TWh in 2019,
accounting for 84.32% of primary energy [27]. The average annual growth rate
of fossil fuel consumption was 1.96% from 1970 to 2019. The total global elec-
tricity generation from renewable energy sources was 2057.64 TWh in 1985, and
7492.51 TWh in 2020, thus, an increase of 2.64 times, and the average annual
growth rate was 7.55% [28]. Global renewable energy accounted for 6.81% of
primary energy consumption in 1985, and 11.41% in 2019, thus an increase of
4.6% [29]. The share of renewable energy in primary energy is small, and the
share of fossil fuel in primary energy is much larger, only that renewable energy
grows faster than fossil fuel.

5.2. Deforestation

Trees absorb CO, in the air and convert it into wood. Therefore, deforestation
leads to the rise of CDC and drives the rise of surface temperature through the
greenhouse effect. Human activities have raised the concentration of GHG in the
air by the use of fossil fuel and deforestation over the past 250 years [7]. There is
a strong feedback between the biosphere and solar radiation in moderately wet
regions, proper precipitation and solar radiation are conducive to vegetation
growth, which in turn enhances heat transfer and increases the thickness of
clouds and the height of atmosphere. The feedback between biosphere and solar
radiation is globally widespread, they account for up to 30% changes of precipi-
tation and surface radiation [30]. The atmospheric extension can effectively buf-
fer extreme weather such as too cold or too hot, and makes the surface tempera-
ture more suitable for human survival.

There were 1474.53 million people in the world in 1880 [31], 7794.8 million in
2020 [32], an increase of 4.29 times. From 1950 to 1990, the growth rate of hu-
man population is the fastest since the Revolution Industry, with an average an-
nual growth rate of 1.88% [31]. Population growth has led to continued urbani-
zation and deforestation, which lead to increased use of fossil fuel and environ-
mental degradation. Deforestation rate was 16 million hectares per year in the
1990s, 10 million hectares per year from 2015 to 2020. Since 1990, 420 million
hectares of forest were converted to other land uses and more than 80 million
hectares of primary forest have been cut down [33].

In 2020, there are more than 37,400 species of animals and plants that are list
as extinct species, accounting for 28% of all assessed species. Among them, 41%
of amphibians, 26% of mammals, 34% of conifers, 14% of birds, 36% of sharks
and rays, 33% of reef corals, and 28% of selected crustacean, are listed as threat-
ened species by IUCN [34]. It is necessary for human beings to establish national
parks and ecological reserves to preserve plants and animals. Vegetation is the
natural basis of human sustainable development in the future. We should pre-
serve plants and animals, protect ecosystems and avoid the loss of biodiversity to
achieve sustainable development.
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6. Conclusions

Clean energy is badly in need, and solar power is the most abundant energy re-
source, but the huge cost of the investment of the up-front infrastructure is an
obstacle to its rapid growth. As prices continue to fall, solar energy is becoming
more and more competitive. Hydrogen is a clean energy, it is a secondary ener-
gy, easy to carry, and safe to store. We can use renewable energy to generate
electricity, and then produce hydrogen with electricity. Thus, we can solve the
problem of intermittency and unreliability of renewable energy by converting it
to hydrogen.

Since the beginning of the 2000s, half of the growth of renewable energy gen-
eration in the United States is attributed to the state renewable energy require-
ments—Renewable Portfolio Standards [35]. Researches indicated that Renewa-
ble Portfolio Standards are more cost-effective in promoting the development of
renewable energy than the Production Tax Credit or the cap-and-trade policy
[36]. Technology innovations in clean energy reduce GHG emissions and the
cost of environmental policies. Therefore, clean energy is pushing countries that
have not joined the climate treaties to voluntarily adopt clean energy to reduce
GHG emissions [37].

Forests are home to many wild animals and plants, and half of wild species re-
side in tropical forests, habitat loss is the leading cause of global biodiversity loss.
Deforestation not only leads to the rise of atmospheric GHG concentration, but
also to the decrease of wildlife in species and quantity [38]. 10,000 years ago,
57% of the world, 6 billion hectares of land, were covered by forests, and now
there are 4 billion hectares of forests, one-third of forests have been lost. Half of
the forests were lost from 8000 BC to 1900, the other half were lost in the 20th
century. The net loss rate of forests was 4.7 million hectares per year from 2010
to 2020, and 10 million hectares of forests are cut down each year [38]. There-
fore, the momentum of deforestation must be reduced, and forests should be

preserved.
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