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Abstract: Electrification applications in transport and energy supply can significantly reduce
carbon emissions. The impact of electrification on carbon emissions reduction varies across
countries with different development profiles. In developed countries, with the increase of
renewable resources usage in electricity production, the per capita CO, emissions decrease. For
example, Germany increased its share of electricity production from renewable sources from 6.2%
to 44%, and its per capita CO, emissions dropped from 11.2 t to 8.1t. While in developing
countries, the per capita CO, emissions are still increasing with the increase of electrification
level. For example, India increased its degree of electrification from 58% to 99%, and its per
capita CO; emissions increased from 0.9 t to 1.9 t. This paper first used LCA data to compare
the Greenhouse gas (GHG) emissions of electric vehicles and fuel vehicles and GHG emissions
of electricity plants from different energy sources. Then, this paper used Linear regression to
determine how close between electrification and climate change. This research aims to identify
the potential of electrification to achieve urbanization and carbon neutrality, as there are few
discussions regarding the combination of these three topics at present. This research can confirm
the benefit of electrification in reducing carbon emissions, which can promote the broad
application of electrification and its development.

Keywords: Electrification, Climate Change, Electric Vehicles (EV), Carbon Neutrality,
Urbanization.

1. Introduction

Nowadays, the development trend of all countries worldwide is to pursue sustainable development and
carbon neutrality. Urbanization and climate change have significantly impacted achieving sustainable
development and carbon neutrality [1]. The rapid development of urbanization requires highly intensive
industrialization and a massive resource and energy supply, which would create obstacles to sustainable
development [2, 3]. Environment pollution from urbanization and its impact on climate change now
arouse more people’s attention. The adverse effects of climate change due to carbon emissions are
increasing. As CO, emissions increase, the effects of climate change will become more visible because
carbon emissions are associated with rising temperatures [4]. Since the 2015 Paris Agreement, world
leaders have reached a consensus that stops the global average temperature from increasing more than
1.5°C [5]. Electrification, a new way to develop urbanization, is favored by more people due to its low
carbon emission [ 1, 2]. The convergence of urbanization, climate change, and electrification represents
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a critical nexus of challenges and opportunities in pursuing sustainable development and carbon
neutrality [6, 7].

Driving urbanization means more and more people would gather and live in urban areas. By now,
more than 50% of the world’s population lives in cities, which is expected to increase to almost 70% by
2050 [8, 9]. The current urbanization has led to significant environmental impacts, including sharply
increasing energy consumption, over-exploitation of resources, increasing pollution and emissions, and
reducing and degrading the natural landscape due to building construction [10, 11]. Cities account for
80% of global GDP, two-thirds of global energy consumption, and more than 70% of global carbon
emissions. Nevertheless, cities account for less than 2% of the Earth’s surface area [9]. A report
regarding developing sustainable cities from the IEA (International Energy Agency) indicated that
climate action in cities is critical for achieving sustainable development and carbon neutrality [9].
Relevant actions could reduce emissions from urban buildings, construction materials, and transport by
nearly 85% in 2050, compared to the Coalition for Urban Transition’s 2050 business-as-usual reference
scenario [8, 12]. Therefore, cities represent an excellent opportunity to accelerate progress towards
ambitious climate goals and sustainable development.

Climate change is becoming the most tricky crisis of our time, deteriorating faster than we worried
[13, 14]. Carbon dioxide(CO,) emission produced by human activities is the most significant contributor
to climate change, such as burning fossil fuels (coal, oil, and gas) and cutting down trees( deforestation)
[15]. By 2022, the CO; concentration in the atmosphere had increased to 50% above its pre-industrial
level(before 1750) [4]. Those excess emissions would lead to global warming, and in 2022, the global
average temperature is 1.1°C above pre-industrial level [16]. Rising temperatures can cause
environmental degradation and lead to natural disasters, such as extreme weather, water and food
insecurity, rising sea levels, melting the Arctic, coral bleaching, ocean acidification, and deforestation
[11, 15]. The rising temperature is still happening, with no sign of slowing down. Therefore, since the
2015 Paris Agreement, the target to stop the global average temperature from increasing by more than
1.5°C has aroused the public’s attention and gained broad consensus and strong backing from science
[5, 17]. Cities are one of the main contributors to climate change, and some papers also show faster
surface warming trends in the urban than in the adjacent rural area [2, 18, 19]. Higher temperatures
correlate with higher urbanization rates in the long run, where this relationship is much more pronounced
than any short-term linkage [20]. Staying below the 1.5°C threshold means we need massive
decarbonization actions of cities, which will require investments and changes in low-carbon energy
supply and transport system [5].

In this context, electrification will be essential to sustainable urbanization and carbon neutrality [9].
Electrification has many applications in urbanization but has only generated low or even zero carbon
emissions; for example, using electricity as the primary energy supply, electric vehicles replace fuel
vehicles [1, 21]. As mentioned before, we need decarbonization actions of cities. Electric power and
transport are two main sectors of energy consumption and carbon emission in cities [22, 23].
Electrification in industrial, transportation, and energy supply could reduce significant carbon emissions
from using fossil energy, especially if renewable energy sources generate electricity [18, 24]. Therefore,
electrification is a win-win strategy to drive urbanization, deal with climate change, and achieve
sustainable development and carbon neutrality [1].

Even though urbanization, climate change, and electrification are popular topics, they are rarely
discussed together. While it is widely acknowledged that urban areas contribute significantly to
greenhouse gas emissions, more research is needed to quantify these contributions’ precise extent and
explore the underlying drivers and dynamics. On the other hand, examining the potential synergies and
trade-offs between urban electrification and climate change mitigation is needed. While electrification
is seen as a pathway to decarbonization, there is a need to explore how different electrification strategies
and technologies impact greenhouse gas emissions, energy efficiency, and overall sustainability. These
can help build a more profound understanding of the specific impacts of urbanization and electrification
on climate change and vice versa.
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This paper examines the interconnected dynamics of urbanization, climate change, and electrification.
Based on different countries’ emission and electrification data, we applied Life Cycle Assessment (LCA)
and linear regression to examine the feasibility of electrification to achieve urbanization and carbon
neutrality. The research also focuses on presenting the correlation between climate change and
electrification more intuitively and the specific impacts of electrification on countries at different levels
of development.

2. Method

In this paper, we used LCA and linear regression to analyze. LCA is a systematic and comprehensive
method used to evaluate the environmental impacts of a product, process, or service throughout its entire
life cycle. LCA provides a quantitative analysis of the environmental burdens, resource consumption,
and potential impacts associated with a product or system. Linear regression is a statistical modeling
technique to establish a relationship between a dependent variable and one or more independent
variables. Linear regression is widely used for various purposes, including prediction, forecasting, and
understanding the direction and strength of relationships between variables.

We used four types of data for analysis. The first is LCA data on battery electric vehicles (BEVs) and
internal combustion engine vehicles (ICEVs). We used this LCA data to compare the greenhouse gas
(GHG) emissions of the entire life cycle of electric and fuel vehicles. The second one is the LCA data
of electricity sources. We used this data to compare the GHG emissions of different electricity sources.
Electric power and transport are two main sectors of energy consumption and carbon emission in cities,
and they are also two significant applications of electrification to reduce carbon emissions. We used
these LCA data to quantify the actual emissions reduction and then determine the effect of electrification
on electricity power and transport. The third and fourth are emissions data and electrification data from
different countries. Emissions and electrification data visually represent the country’s carbon emissions
and the spread of electrification. Linear regression can study the inner connection between carbon
emission and electrification and then determine the potential of applying electrification to reduce carbon
emissions in the future.

The LCA data on electricity sources are from the United Nations Economic Commission For Europe
(UNECE) report. LCA data on electric and fuel vehicles is from the World Bank and International
Council on Clean Transportation (ICCT) ‘s report. The emission data are from the World Bank, Our
World in Data, and the Global Carbon Project. The UNECE and ICCT’s reports are integrated reports
used for international reference, ensuring the data sources are objective and credible. The emission data
provides estimates for major countries from 1990 onwards, and the methodology is laid out by Peters et
al. (2012). The consumption-based emissions data does not include land use change and only includes
energy production (coal, oil, gas, and flaring) plus direct industrial emissions from cement and steel
production. The electrification data and electricity consumption data are from the International Energy
Agency (IEA) and the World Bank. IEA is an intergovernmental organization that provides energy data
and statistics for national energy policies and long-term planning investment in the energy sector, which
means IEA provides a comprehensive, accurate, and timely source of global energy data.

Regarding the emissions and electrification analysis of different countries, we divided the study
subjects into two groups: developed countries, including the UK, Germany, France, Australia, and the
USA, and developing countries, including China and India. Because these two groups of countries are
at different levels of development, the degree of electrification is also very different. Hence, the impact
of electrification on emission reduction needs to be studied separately. Developed countries are at a high
level of electrification (nearly 100% electrified), so we will study the decarbonization of electricity
sources and its impacts on carbon emissions. Developing countries are still in the construction phase
and implementing electrification, so we will focus on the direct impact of electrification on carbon
emissions and construction. Figure 1 is the flow chart of this paper.
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Figure 1. The flow chart of this paper.

3. Results
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Figure 2. The Green House Gas (GHG) emissions in g CO; eq./km of internal combustion engine
vehicles (ICEVs) and battery electric vehicles (BEVs) in Europe, the United States, and China in 2021.
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Figure 3. The total Greenhouse gas (GHG) emissions in g CO; eq of electricity plants from different
energy sources.
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Figure 1 shows that the average GHG emissions of ICEVs in different areas are very similar and range
from 250-275 g CO2eq./km in China, Europe, and USA. The BEVs today already produce significantly
lower average life-cycle GHG emissions, and the average GHG emissions of BEVs in different areas
range from 83-155 g CO2eq./km. Now, the BEVs have 42%-67% lower life-cycle GHG emissions than
ICEVs. Therefore, the electrification of vehicles can effectively reduce carbon emissions. As the number
of electric vehicles continues to increase, there will be a significant reduction in transport-related carbon
emissions in the future, which is crucial to achieving the Paris Agreement and carbon neutrality.

Figure 2 shows the average life-cycle GHG emissions of different electricity sources worldwide [23].
The electricity sources include coal (Pulverized coal and IGCC (Integrated gasification combined
cycle)), natural gas (NGCC), hydropower, nuclear power, solar power (roof and ground mounted), and
wind power. Coal power shows the highest GHG emissions, a minimum value of 849g CO» eq./kWh
and a maximum value of 1023g CO» eq./kWh. They were then followed by natural gas power, emitting
about 434 g CO, eq./kWh. However, the values of renewable resources range from 5.13-37.2 g CO,
eq./kWh. Applying them as electricity resources can also significantly reduce carbon emissions.
Therefore, using renewable energy as electricity resources can produce low and even zero carbon
emissions, which means their carbon intensity value is much lower and even zero.

By now, electrification can significantly reduce the carbon emissions in the major sectors of cities -
transportation and energy supply. Considering the increased usage of electric vehicles and a
continuously decreasing carbon intensity of electricity (using more renewable energy as electricity
resources) in the coming years, the reduction of carbon emissions by electrification will continue to
increase. Therefore, the potential of electrification to achieve carbon neutrality is enormous.
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Figure 4. The per capita CO, emissions (t) and share of electricity production from renewable resources
of developed countries in 2000-2021 (Germany, UK, France, United State, and Australia).

The selected developed countries have a high degree of electrification (nearly 100%), so these
countries’ focus is applying more renewable resources to electricity resources. Table 1 shows during the
period 2000-2021 years, with the increased usage of renewable resources in electricity production, the
per capita carbon emissions are decreasing, and all the selected developed countries have the same
tendency. Through the linear regression analysis, the R2 value of Germany is 0.92, the United Kingdom
is 0.98, France is 0.95, the United States is 0.87, and Australia is 0.89. All the R2 values are higher than
0.5, which shows a very close relationship between carbon emissions and the share of electricity
production from renewable resources.
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Figure 5. The electrification level and per capita CO2 emissions of India in 2000 to 2020.
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Figure 6. The share of electricity production for renewable resources and per capita CO; emissions of
China in 2000 to 2021.

In this paper, the degree of electrification refers to the share of people with access to electricity.

However, the selected developing countries show a different tendency. India has promoted its level
of electrification from 58% to 99% from 2000 to 2020, significantly improving its urban development
and construction. With the increase in electrification, India also increases its per capita CO, emissions.
China has already achieved a high level of electrification. However, with the increased usage of
renewable resources in electricity production, China’s per capita CO, emissions are still growing, which
differs from developed countries’ conditions. The difference in development level and industrial
structure makes the selected developing countries (China and India) show a different tendency compared
to selected developed countries (Germany, UK, France, United States, and Australia). Those developed
countries have completed modernization, so their energy efficiency is much higher than that of
developing countries. Besides, developed countries’ tertiary industry has significantly been developed,
so the proportion of industry output has steadily declined. On the contrary, developing countries are still

77



Proceedings of the 4th International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/59/20240763

in the stage of industrialization and development. Industrial development is an indispensable driving
force for overall development, so the proportion of their industrial output will continue to rise. The
increase in industrial output comes with the increased carbon emissions. Therefore, promoting industrial
development and maintaining social development will inevitably be accompanied by a significant
increase in carbon emissions.

Moreover, the effect of electrification on carbon emission reduction has a time lag effect. Applying
electrification will not affect carbon emissions at once but gradually affect it. Although electrification
has already been implemented in developing countries, it will still take more time to have an effect on
carbon reduction than in developed countries. Therefore, the benefits of electrification in reducing
carbon emissions cannot be directly seen in the examples of these developing countries at present.

Therefore, even though electrification can improve developing countries’ construction efficiency, it
may not directly reduce carbon emissions at present.

4. Conclusion

The LCA analysis shows that renewable energy power plants can significantly reduce carbon emissions
while ensuring sufficient energy. Besides, electric vehicles can also considerably reduce carbon
emissions compared to fuel vehicles. Therefore, this study indicates that electrification can significantly
reduce carbon emissions in cities’ transport and energy supply, two significant emissions of cities.
Besides, this study shows that the impact of electrification varies across countries with different
development profiles. In developed countries, per capita carbon emissions have declined over the past
two decades as the share of sustainable energy in power generation has risen. However, in developing
countries, because these countries are still in the stage of construction and development, per capita
carbon emissions are at a high level in the short term, so the benefits of electrification in reducing carbon
emissions cannot be directly seen in the examples of these countries.

There are some limitations in this study. Due to the impact of carbon emission on temperature and
the lag of carbon emission data, more relevant data are needed for analysis in the future. Moreover,
different countries have different directions and emphases for urbanization construction, but these
differences have not been taken into account, so further analysis is still needed.

Based on the results, it is clear that as developing countries become more electrified, their
urbanization process is also accelerating. The rate of construction is increasing, which will significantly
reduce the time required for construction (i.e., the time needed to reduce high levels of carbon emissions).
The growth rate of carbon emissions per capita in these countries will also slow down. In other words,
increasing electrification could also help reduce carbon emissions in developing countries. LCA analysis
also points out that the two most significant products in electrification, electric vehicles and power plants,
have varying degrees of help in reducing carbon emissions. Therefore, electrification can help drive
urbanization in the future while ensuring sustainable development and carbon neutrality. This study
confirms that electrification is closely related to urbanization and climate change, and electrification can
positively affect developing urbanization and mitigating climate change.
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