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Abstract: Guangxi is a typical developing region on the southern coast of China. The current issues
encountered in the region’s development are that fossil energy accounts for about 80% of the energy
structure, fossil fuels are heavily dependent on imports, and the self-sufficiency rate of resources
is only 32%. These challenges have created a disparity between the current regional development
state and the country’s dual carbon target. Under the premise of comprehensively considering the
multi-sectors of electricity, industry, transportation, and heating, this paper presents a study on
the energy system transition towards low-carbon development for Guangxi in four steps. Firstly,
to demonstrate EnergyPLAN’s capability in energy modeling, a reference scenario for Guangxi is
created using official yearbook data from 2020. Then, a short-term scenario is formulated to analyze
the development of Guangxi’s energy system during the 14th Five-Year Plan. Furthermore, two
mid-term scenarios are established, revealing that Guangxi is anticipated to reach its carbon emission
peak between 2025 and 2030. Finally, three long-term scenarios are proposed for Guangxi’s energy
system for 2050. These scenarios encompass the expansion of photovoltaics, nuclear, and wind power
in the electricity system and emission reduction policies in the industrial, transportation, and heating
sectors. As a result, compared with the 2020REF scenario, Guangxi can achieve a carbon emission
reduction exceeding 57% and the share of non-fossil energy consumption can reach about 70% in
the 2050 scenarios, despite a substantial increase in energy consumption, which makes it possible
to achieve carbon neutrality in 2060 and to establish an energy system with less than 20% of fossil
energy consumption.

Keywords: EnergyPLAN; energy transition; energy modeling; clean energy; renewable energy; dual
carbon goals

1. Introduction

In the modern world, because of climate change caused by human activities, more
frequent extreme weather brings a series of problems, making the public increasingly con-
cerned about the impact of global warming. As a result, it has become a common objective
for governments to promote the transition of energy systems toward low-carbon sustain-
ability continuously. According to the requirements mentioned in the latest United Nations
Climate Change Conference, member states are explicitly asked, for the first time, to control
greenhouse gas emissions by gradually phasing down coal use and limiting temperature
growth to 1.5 °C before the industrial revolution [1]. China, as the world’s largest energy
consumer and emitter of carbon dioxide, has historically put forward its long-term emission
reduction targets. It aims to reach a peak in carbon dioxide emissions by 2030 and achieve
carbon neutrality by 2060 [2–4]. As energy transition involves integration and coordination
at national, regional, and provincial levels [2,5,6], Guangxi has proposed an ambitious
energy transition plan, striving to reach more than 30% of non-fossil energy consumption
by 2025; more than 35% of non-fossil energy consumption by 2030; preliminary building a
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low-carbon, safe, and efficient modern energy system by 2035; and 80% of non-fossil energy
consumption by 2060, successfully achieving the goal of carbon neutrality [7,8].

The energy transition entails upgrading the existing energy consumption structure,
requiring a tool to evaluate the environmental and economic influence of future energy
demand and supply to assist policymakers in planning reliable energy transition policies,
which can be solved by energy system modeling. Top-down and bottom-up models are the
two main categories used in energy system modeling [9]. The former primarily focuses
on the connection between the macro-economy and the energy system. For example,
Zhang et al. [10] used the multi-sectoral recursive dynamic CGE model to develop a hybrid
emission reduction policy that combined the carbon tax and carbon emission trading system
(ETS), and discovered that the hybrid emission reduction policy can help China reach the
carbon peak before 2030 at a lower economic cost than a pure carbon ETS. Input−output
analysis was used to examine the structural emission reduction of China’s power and
heating sectors from 2007 to 2015 [11]. The latter mainly focuses on technical analysis,
analyzing connections between different energy sectors, and one of the widely used tools is
EnergyPLAN. After decades of continuous development and improvement, EnergyPLAN is
generally used to design and simulate energy systems with a high proportion of renewable
energy [12]. It provides a technical and economic analysis of different options and enables
policymakers to use a wide range of options to make long-term decisions [13].

Over 300 peer-reviewed papers have used EnergyPLAN [13], mainly for design-
ing energy systems and energy transition solutions at national levels in Germany [14],
Denmark [15], Ireland [16], Macedonia [17], Cyprus [18], Qatar [19], Nigeria [20], Mauritius [21],
India [22], the European Union [23], Hungary [24], Jordan [25], and Poland [26]. It is also
applied in islands such as Galapagos [27], Azores [28], Gran Canaria [29], Crete [30],
Madeira [31], and Hinnøya [32], as well as cities such as Beijing−Tianjin−Hebei [33,34],
Cuenca [35], NiederÖsterreich [36], and Aalborg [37]. In addition, EnergyPLAN is often
used to evaluate the impact of an energy source or a technology on the entire energy system,
including battery storage [38], cross-border interconnection [39], biogas and biogas-derived
fuels [40], heat pumps [41], power-to-gas and power-to-heat [42], hydropower and pumped
hydro energy storage [43], district heating [44], electric vehicles [45], seawater desalina-
tion [25], combined heat and power [46,47], etc. It is also applied to analyze the transition
of specific sectors, such as transportation and electricity [48–51].

Few studies have examined the energy system transition in Guangxi. This paper aims
to establish a transition plan to increase the non-fossil energy share in Guangxi’s energy
system by 2050, while ensuring stable power system operation and considering technical,
environmental, and economic criteria. The study also analyzes the potential to achieve over
70% non-fossil energy consumption.

The structure of this paper is as follows: the second part introduces and explains the
principles of EnergyPLAN and the process of designing energy systems from 2020 to 2050,
the third part compares and analyzes the results of energy system modeling, and the fourth
part draws conclusions and makes recommendations for future research.

2. Methodology

This chapter will provide a detailed explanation of the operating principles of the
EnergyPLAN software (Version 16.0), the basic situation in Guangxi, the sources of data
used, and the modeling process employed for energy system modeling.

2.1. EnergyPLAN

EnergyPLAN is a cutting-edge simulation software developed by Aalborg University
in Denmark to design future sustainable energy systems, especially those with a high share
of renewable energy [52]. Because analytical programming is used instead of iteration,
software operations can be completed quickly [53]. It is a deterministic input/output tool
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that simulates the hourly energy balance of a national or regional energy system over
a one year, accounting for the complex interactions of various energy sectors such as
electricity, heating, cooling, industry, and transportation [54,55].

The input–output framework of the software is depicted in Figure 1. An energy system
is constructed by inputting a series of parameters related to the components of the system,
including the energy demand, supply, and cost for each sector [41]. The system’s total cost,
primary energy consumption, and carbon dioxide emissions are obtained, which can be
applied to understand and analyze the impact of various energy planning schemes on the
economy and environment [37].
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Figure 1. The input–output energy flow of frame diagram for EnergyPLAN software [56].

Furthermore, EnergyPLAN can also be applied for technical and market economic
simulation. The former minimizes fossil fuel consumption and is performed without cost
input, while the latter ignores the system’s operating costs as much as possible.

2.2. Modeling Process

The Guangxi Zhuang Autonomous Region is a province situated on the southern coast
of China, covering an area of 23.76 km2 with a mainland coastline spanning 1595 km [57].
Figures 2 and 3 demonstrate that renewable energy, including onshore wind, offshore
wind, and photovoltaic power generation, has tremendous potential for large-scale regional
development. Additionally, Guangxi is a significant area for developing nuclear power in
the country, boasting abundant uranium resources and a superior geographical location.
Guangxi’s planned nuclear power site resources are expected to reach 31,200 MW.
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In the future, Guangxi is expected to enter a new stage of high-quality development,
marked by the accelerated replacement of fossil energy, offering significant prospects for
the realization of industrial transition and energy structure optimization [60].

2.2.1. Current (2020REF) Scenario

A reference model must be designed as a comparison to create and analyze future
scenarios. This paper chose 2020 as the reference year because the energy data of 2020
are relatively new and available to obtain from the Internet. The data include information
such as energy demand, installed capacity, and power generation from various power
generation technologies, as well as their costs, mainly from [61–66]. Figures 4 and 5 depict
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the hourly distributions plot of power demand and onshore wind power provided by the
Guangxi power grid.
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The total energy consumption in Guangxi is 960.62 TWh, with coal accounting for
approximately 48% of total energy consumption, followed by electricity (21%) and oil (13%).
According to the information found, it can be stated that the power sector’s electricity
demand in 2020 amounted to 202.4 TWh, while the generation reached 193.8 TWh, leaving
a shortfall of 8.6 TWh, which had to be imported. Guangxi has yet to establish centralized
residential heating systems such as those in northern China, and the heat energy is mainly
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used for industrial production. The heat supply in 2020 was 47.52 TWh, including 47.1 TWh
for district heating boilers and 0.42 TWh for combined heat and power boilers. As a result,
district heating is assumed to be the only heat source in Guangxi today and in the future. In
2020, the total energy consumption of the transportation and industrial sectors in Guangxi
was estimated to be 76.34 TWh and 225.61 TWh, respectively. The installed capacity of each
generation technology and energy consumption in the transportation and industrial sectors
is shown in Tables 1 and 2.

Table 1. The installed capacity of power generation technologies for Guangxi in 2020.

Type of Power
Plant Onshore Wind Photovoltaic Biomass Coal Power Ngas Dammed Hydro Nuclear

Installed
Capacity (MW) 6530 2050 2070 19,330 300 17,590 2170

Table 2. Different sources of energy consumption in transportation and industry sectors in 2020.

Energy Source Transportation (TWh) Energy Source Industry (TWh)

Ngas 6.11 Coal 155.76
LPG 0 Oil 24.35

Petrol 28.14 Ngas 12.05
Jet fuel 2.41 Biomass 33.45
Diesel 30.35

Electricity 4.41
Biomass 4.92

Two main validation methods are commonly used: one focuses on CO2 emissions
in the output data, while the other involves assessing the fuel balance of primary energy
sources in the input data. As official CO2 emission values were unavailable, Tables 3 and 4
present results from the second validation method. Despite the differences in statistical
caliber and standards, the EnergyPLAN simulation results were consistent with the official
statistics, demonstrating that EnergyPLAN could accurately simulate the operation of
the Guangxi energy system. Therefore, the hourly distribution data used in the 2020REF
scenario were used in the subsequent studies.

Table 3. Comparison of fossil energy consumption between the official values and the simulation
results.

Energy Source Official (TWh) Model (TWh) Difference (%)

Coal 463.46 463.20 0.0
Oil 122.39 121.98 0.0

Nature Gas 34.66 34.24 1.3

Table 4. Comparison of Guangxi’s electricity system between the official values and the simulation
results.

Energy Source Official (TWh) Model (TWh) Difference (%)

Offshore Wind 10.60 10.62 0.2
Photo Voltaic 1.70 1.70 0.0

Dammed Hydro 61.50 61.45 0.0
Nuclear 16.80 16.85 0.3

Thermal Power 103.20 103.42 0.2
Import 8.60 8.46 −1.6

Total Consumption 202.40 202.50 0.0
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2.2.2. Short-Term (2025Policy) and Mid-Term (2030Policy and 2030RES) Scenarios

Guangxi’s energy system has formulated intricate planning to promote the devel-
opment and utilization of renewable energy resources vigorously. According to policy
documents issued by the government of Guangxi Autonomous Region [7,60], the average
annual growth rate of the total society’s electricity demand will be at least 7.1%, and the total
society’s electricity consumption will reach more than 286 TWh, by 2025. The total installed
power generation capacity will be more than 90,000 MW. The grid-connected renewable
energy capacity will reach 61,000 MW, and the power generation of renewable energy will
increase to 126 TWh. The total consumption of renewable energy is anticipated to reach
36 million tons of standard coal, accounting for 25% of the total energy consumption.

To further support the national strategy of achieving a carbon peak by 2030, Guangxi is
planning to significantly develop offshore wind power in Tonkin Gulf on a large scale, build
coastal nuclear power stations in a safe and orderly manner, exploit onshore wind power
in depth, develop photovoltaic power generation on a large scale, and develop biomass
energy under local conditions. By 2030, the proportion of non-fossil energy consumption
will reach about 35%, and the total installed power capacity aims to reach 160,000 MW.
The installed clean energy capacity is around 120,000 MW, of which the total installed
capacity of wind power and photovoltaic power generation will exceed 70,000 MW [67].
The 2025Policy, 2030Policy, and 2030RES scenarios were developed based on the above
government documents. Table 5 displays the detailed inputs and technologies in the 2025
and 2030 scenarios.

Table 5. The planning installed capacity of power generation technologies for Guangxi under policy
scenarios in 2025 and 2030.

Type of Power 2025Policy 2030Policy 2030RES

Offshore Wind 3000 MW 10,000 MW 13,000 MW
Onshore Wind 21,500 MW 35,000 MW 36,500 MW
Photovoltaic 15,000 MW 25,000 MW 27,050 MW

Biomass 3000 MW 4547 MW 5000 MW
Coal Power 21,500 MW 26,500 MW 26,500 MW

Natural Gas Power 1220 MW 3220 MW 3220 MW
PHES 1200 MW 6000 MW 8400 MW

Dammed Hydro 18,690 MW 20,570 MW 21,000 MW
Nuclear 4530 MW 9430 MW 9430 MW

Centralized Energy Storage 2000 MW/4 GWh 5600 MW/11.2 GWh 5600 MW/11.2 GWh

Social electricity consumption 286 TWh 383 TWh 383 TWh

According to the “Study on Some Issues of Energy Consumption Revolution”, due
to the promotion of biofuels and new energy electric vehicles, the average annual growth
rate of total energy consumption of the transportation sector is predicted to be 3.3% from
2020 to 2050. By 2030, natural gas, petrol, diesel, jet fuel, electricity, biomass, and hydrogen
energy will account for 6%, 33%, 36%, 6%, 7%, 11%, and 1%, respectively, and by 2050, the
above percentages will be 3%, 33%, 32%, 8%, 7%, 12%, and 4%, respectively.

Contrary to the projections for the transportation sector, energy demand in the indus-
trial sector will peak in 2025–2030 as the industrial sector becomes more electrified and
then trends slowly, with the highest consumption of fossil energy represented by coal, oil,
and natural gas by 2030 and a 21% decline in fossil energy consumption by 2050, while the
total share of biomass, hydrogen, and electricity will reach 65% of consumption. For energy
demand in the heat sector, the average annual growth rate between 2020 and 2050 will be
2%, a quarter of the annual growth rate of heat use in 2010-2020. The energy consumption
in the future scenarios for the transportation and industry sectors is shown in Table 6.
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Table 6. Different sources of energy consumption in transportation and industry sectors in the
future scenarios.

Energy Source 2025 (TWh) 2030 (TWh) 2050 (TWh)

Industry

Coal 110.01 112.32 63.78
Oil 41.25 41.6 34.02

Ngas 78.58 79.04 51.03
Biomass 41.25 41.6 34.02

Hydrogen 0.00 0.00 21.26
Electricity 121.79 141.44 221.12

Transportation

Ngas 6.30 6.5 6.07
LPG 0.00 0 4.04

Petrol 29.19 36.06 62.68
Jet fuel 4.50 6.99 16.18
Diesel 39.17 39.42 64.70

Electricity 5.00 7.21 14.15
Biomass 5.64 12.58 24.26

2.2.3. Long-Term (2050LRES, 2050MRES, and 2050HRES) Scenarios

From 2030 to 2050, with the deepening of the transformation trend towards clean
energy, the development of traditional thermal power and hydropower will reach the
limit. At the same time, the government will vigorously exploit other clean energy. The
exploitable power generation potential of onshore wind and photovoltaic in Guangxi is
78,000 MW and 96,000 MW, respectively. The total planned development of offshore wind
power is 22,500 MW, and Guangxi’s planned nuclear power plant resources are 31,200 MW,
including 20,800 MW for coastal sites and 10,400 MW for inland sites, with a maximum
development rate of 0.7 in 2050 [68]. Due to the Fukushima nuclear disaster, the Chinese
government has been extremely cautious about constructing inland nuclear power plants,
but inland nuclear power plants are technically feasible [69]. Therefore, three scenarios
have been created:

• Non-consideration of inland nuclear power plants (2050LRES)
• Partial consideration of inland nuclear power plants (2050MRES)
• Full consideration of inland nuclear power plants (2050HRES).

Industry, transportation, and heating sector demand in 2050 are mentioned in
Section 2.2.2. Table 7 displays the detailed inputs and technologies in the 2050 scenarios.

Table 7. The future installed capacity of power generation technologies for Guangxi in the 2050
scenarios.

Type of Power Plant 2050LRES 2050MRES 2050HRES

Offshore Wind 17,500 MW 20,000 MW 22,500 MW
Onshore Wind 60,000 MW 65,000 MW 70,000 MW
Photovoltaic 70,000 MW 80,000 MW 90,000 MW

Biomass 9000 MW 10,000 MW 15,000 MW
Coal Power 25,000 MW 25,000 MW 25,000 MW

Natural Gas Power 10,000 MW 10,000 MW 10,000 MW
PHES 16,000 MW 20,000 MW 24,000 MW

Dammed Hydro 26,000 MW 27,000 MW 27,000 MW
Nuclear 19,000 MW 23,000 MW 26,000 MW

Tidal 393 MW 393 MW 393 MW
Centralized Energy Storage 10,000 MW/20 GWh 10,000 MW/20 GWh 10,000 MW/20 GWh

Social electricity consumption 569 TWh 569 TWh 569 TWh



Energies 2023, 16, 3416 9 of 16

3. Results and Discussion

This section presents the energy modeling results of the energy system in terms of
the total annual costs, carbon emissions, energy consumptions, and the various power
generation technologies’ installed capacity.

3.1. Costs

Figure 6 depicts the total annual costs under different scenarios. The total annual costs
are divided into three categories: total variable costs (Total variable costs = Total fuel and
Ngas exchange + Total Ngas exchange costs + Marginal operation costs + Total electricity
exchange + Total CO2 emission costs), fixed operation costs, and annual investment costs.

Energies 2023, 16, x FOR PEER REVIEW 9 of 17 
 

 

Dammed Hydro 26,000 MW 27,000 MW 27,000 MW 
Nuclear 19,000 MW 23,000 MW 26,000 MW 

Tidal 393 MW 393 MW 393 MW 
Centralized Energy Storage 10,000 MW/20 GWh 10,000 MW/20 GWh 10,000 MW/20 GWh 

Social electricity consumption 569 TWh 569 TWh 569 TWh 

3. Results and Discussion 
This section presents the energy modeling results of the energy system in terms of 

the total annual costs, carbon emissions, energy consumptions, and the various power 
generation technologies’ installed capacity. 

3.1. Costs 
Figure 6 depicts the total annual costs under different scenarios. The total annual 

costs are divided into three categories: total variable costs (Total variable costs = Total fuel 
and Ngas exchange + Total Ngas exchange costs + Marginal operation costs + Total elec-
tricity exchange + Total CO2 emission costs), fixed operation costs, and annual investment 
costs. 

It should be highlighted that the reference and future scenarios exhibit considerable 
variations in their respective cost structures. Primarily due to higher fuel consumption 
and CO2 emission costs, the total variable costs, accounting for 69%, are the primary fac-
tors in the reference scenario. Conversely, the substantial development of clean energy in 
future scenarios leads to a lower share of fossil fuel consumption and a modest increase 
in total variable costs, resulting in an overall decreasing trend from 2020 to 2050 and even 
being profitable in the 2050HRES scenario, as electricity exports generate significant rev-
enue for the energy system. 

The annual investment costs will be the dominant factor in future scenarios because 
quantities of clean energy power plants, such as nuclear, wind, PV, and hydro, will be 
built to meet the “dual-carbon” target. Furthermore, the majority of the costs of these tech-
nologies will be incurred during the construction stage. As a result, the investment costs 
will be relatively high, while the variable costs of these technologies are insignificant due 
to the fuel nearly being free. 

 
(a) 

Energies 2023, 16, x FOR PEER REVIEW 10 of 17 
 

 

 
(b) 

Figure 6. (a) The detailed simulation results of the energy system’s total annual costs in the seven 
scenarios. (b) Changes in the share of each category in the seven scenarios. 

For the same reason, the wages of staff used to maintain the operation of these power 
plants and the depreciation and maintenance costs of power generation equipment will 
also increase, leading to an increase in fixed operation costs. Table 8 displays cost data 
from the EnergyPLAN used in this study. Advancements in technology will lead to a con-
tinued decline in the unit investment cost of clean energy in the future. Solar photovoltaic 
energy is emerging as one of the primary sources of energy in the future due to its afford-
ability as a new source of electricity. Onshore wind power technology is also a well-estab-
lished, commercialized low-cost alternative that can be easily scaled up. Its investment 
cost is comparable to that of solar photovoltaic. While offshore wind power technology 
has seen significant progress and maturity in recent years, its investment cost is relatively 
high, akin to dammed hydro and pumped storage power stations. Nevertheless, the unit 
investment cost of photovoltaic and wind power will be lower than that of existing coal 
or gas-fired power plants, and the advantages of renewable energy will become increas-
ingly significant over time. 

Currently, energy investment sources in developing regions are predominantly sup-
ported by public funds, but there is a growing need to attract more private capital. The 
transition to clean energy requires significant levels of both equity and debt financing, 
with a shift towards a debt-biased investment structure [70,71]. 

With the reduction of traditional thermal power input and the enhancement of clean 
substitution of fossil energy, the total annual costs decrease in the 2050HRES scenario 
compared with the other two 2050 scenarios. 

Table 8. Costs of energy investment and fixed O&M for renewable technologies and nuclear plants 
in 2030 and 2050 [72]. 

Type Unit 
2030 2050 

Investment 
[MCNY/unit] 

Period 
[Years] 

O&M 
[% of Inv.] 

Investment 
[MCNY/unit] 

Period 
[Years] 

O&M 
[% of Inv.] 

Wind MWe 1.00 25 2.59 0.90 30 2.88 
Wind offshore MWe 2.43 25 2.94 2.12 40 3.22 

Figure 6. (a) The detailed simulation results of the energy system’s total annual costs in the seven
scenarios. (b) Changes in the share of each category in the seven scenarios.



Energies 2023, 16, 3416 10 of 16

It should be highlighted that the reference and future scenarios exhibit considerable
variations in their respective cost structures. Primarily due to higher fuel consumption and
CO2 emission costs, the total variable costs, accounting for 69%, are the primary factors in
the reference scenario. Conversely, the substantial development of clean energy in future
scenarios leads to a lower share of fossil fuel consumption and a modest increase in total
variable costs, resulting in an overall decreasing trend from 2020 to 2050 and even being
profitable in the 2050HRES scenario, as electricity exports generate significant revenue for
the energy system.

The annual investment costs will be the dominant factor in future scenarios because
quantities of clean energy power plants, such as nuclear, wind, PV, and hydro, will be
built to meet the “dual-carbon” target. Furthermore, the majority of the costs of these
technologies will be incurred during the construction stage. As a result, the investment
costs will be relatively high, while the variable costs of these technologies are insignificant
due to the fuel nearly being free.

For the same reason, the wages of staff used to maintain the operation of these power
plants and the depreciation and maintenance costs of power generation equipment will
also increase, leading to an increase in fixed operation costs. Table 8 displays cost data from
the EnergyPLAN used in this study. Advancements in technology will lead to a continued
decline in the unit investment cost of clean energy in the future. Solar photovoltaic energy
is emerging as one of the primary sources of energy in the future due to its affordability
as a new source of electricity. Onshore wind power technology is also a well-established,
commercialized low-cost alternative that can be easily scaled up. Its investment cost is
comparable to that of solar photovoltaic. While offshore wind power technology has seen
significant progress and maturity in recent years, its investment cost is relatively high, akin
to dammed hydro and pumped storage power stations. Nevertheless, the unit investment
cost of photovoltaic and wind power will be lower than that of existing coal or gas-fired
power plants, and the advantages of renewable energy will become increasingly significant
over time.

Currently, energy investment sources in developing regions are predominantly sup-
ported by public funds, but there is a growing need to attract more private capital. The
transition to clean energy requires significant levels of both equity and debt financing, with
a shift towards a debt-biased investment structure [70,71].

With the reduction of traditional thermal power input and the enhancement of clean
substitution of fossil energy, the total annual costs decrease in the 2050HRES scenario
compared with the other two 2050 scenarios.

Table 8. Costs of energy investment and fixed O&M for renewable technologies and nuclear plants in
2030 and 2050 [72].

Type Unit

2030 2050

Investment
[MCNY/unit]

Period
[Years]

O&M
[% of Inv.]

Investment
[MCNY/unit]

Period
[Years]

O&M
[% of Inv.]

Wind MWe 1.00 25 2.59 0.90 30 2.88

Wind offshore MWe 2.43 25 2.94 2.12 40 3.22
Photovoltaic MWe 0.82 40 1.00 0.69 30 1
Tidal Power MW 5.33 20 3.66 5.33 20 3.66

Dammed Hydro
power MWe 3.3 50 2.00 3.3 50 2

PHES 7.5 50 1.5 7.5 50 1.5
Nuclear MWe 3.595 30 2.49 3.02 30 1.96

Interconnection MW 1.2 40 1 1.2 40 1
Waste CHP TWh/year 215.6 20 7.40 215.6 20 7.4

Large CHP units MWe 0.81 25 3.66 0.79 25 3.8
BioPetrol Plant MW 0.58 20 7.7 0.44 20 7.7

Electrolyser MWe 0.35 15 3 0.28 15 3
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3.2. Energy Consumption and Carbon Emission

Figure 7 shows the evolution of primary energy consumption and CO2 emissions
under seven scenarios. From 2020 to 2050, the government will vigorously promote
the development and utilization of nuclear and renewable energy represented by
wind–photovoltaic in power systems, as well as energy conservation and emission re-
duction policies in heat, transportation, and industry sectors. Therefore, the proportion of
non-fossil energy consumption is expected to reach 30% in 2025 and about 40% in 2030, as
shown in Figure 8. The results align with or even exceed the development levels planned
by the government. After reaching its peak between 2025 and 2030, carbon emissions
will begin to fall substantially. Despite a 62% increase in primary energy consumption,
the 2050HRES Scenario can achieve a maximum reduction in carbon emissions of 57%
compared with the 2020Ref Scenario. While the relevant policies and the adjustment of
the fuel structure adopted by the government have facilitated the development of the
energy structure towards a low-carbon direction, the limitations of technological upgrading
and energy structure improvement will still result in a large amount of carbon dioxide
production from fossil energy consumption in the industrial and transportation sectors.
Nonetheless, the proportion of renewable and clean energy consumption is projected to
increase from 16% and 20% in 2020 to a maximum of about 50% and 70% by 2050. As
China has not yet established a comprehensive statistical accounting system for carbon
emissions [73], this paper uses the carbon emission factors from the Chinese and Danish
models in the EnergyPLAN website [74,75], as detailed in Table 9.
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Type of Fuel Coal Oil, Diesel and Petrol Ngas LPG Waste

CO2 Emission
Factors (kg/GJ) 95.0 74.0 56.7 59.6 32.5
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3.3. Installed Capacity

The share of fossil fuel power plants is expected to decrease significantly in Guangxi
due to their harmful effects on the environment and the government’s policy to reduce
the average power supply coal consumption of thermal power units year by year. As
can be seen from Figure 9, along with the shutdown of small coal power plants and the
transformation of the energy structure of large thermal power plants, traditional thermal
power plants will be replaced by clean energy power plants, and the share of installed fossil
energy capacity will decline from 2020 to 2050, with the overall proportion decreasing by a
maximum of 28%.
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To offset the environmental drawbacks of thermal power plants, clean energy gen-
eration techniques such as photovoltaic and wind power will be extensively utilized. By
2050, these two sources are expected to account for 30% and 33% of all installed capacity,
respectively, marking a significant increase in the share of solar and wind power gener-
ation. Run-of-river hydropower plants will be constructed in Guangxi until 2030 when
they reach their limit. After that, hydropower development will focus on pumped storage
power plants that provide energy storage, frequency regulation, and peak regulation func-
tions. Despite this shift, thermal power plants will still be needed for peaking and grid
stability regulation.

Moreover, biomass power generation has emerged as a promising clean energy source
that can provide more space for other renewable energy sources to be consumed, while
generating electricity in an eco-friendly way. In EnergyPLAN, biomass as a clean energy
source produces much less CO2 than fossil energy, so developing biomass represented by
agricultural and forestry biomass and domestic waste power generation as environmentally
preferable alternatives to traditional coal-fired and gas-fired power plants is feasible.

4. Conclusions

This paper utilizes the EnergyPLAN software to examine the prospective energy sys-
tem of Guangxi. Firstly, to showcase the energy modeling capabilities of EnergyPLAN,
a reference scenario for Guangxi is created using official yearbook data from 2020. Sub-
sequently, a short-term scenario (2025Policy) is formulated to examine the growth of
Guangxi’s energy system during the 14th Five-Year Plan. Additionally, two mid-term sce-
narios (2030Policy and 2030RES) are created, indicating that Guangxi is projected to achieve
its carbon emission peak between 2025 and 2030. Finally, three long-term scenarios are sug-
gested for Guangxi’s energy system for 2050. With the help of the EnergyPLAN software,
the seven above scenarios are analyzed and compared in terms of the total annual costs,
carbon emissions, energy consumption, and the installed capacity of the power system.

The results reveal that (1) the reference model results are almost consistent with the
official statistical values for 2020 with the help of EnergyPLAN. Coal is the principal power
generation source, and electricity must be imported from neighboring provinces during
peak consumption periods. Fossil energy dominates the industrial and transportation
sectors, and renewable energy consumption only accounts for 16% of primary energy
consumption. (2) Guangxi’s carbon emissions will peak between 2025 and 2030, along with
energy demand in the industrial sectors. The proportion of thermal power is expected to
decrease gradually, and power production will be able to meet social electricity demand
and begin to export power. The proportion of non-fossil energy consumption will reach
30% in 2025 and about 40% in 2030, meeting or exceeding the requirements of government
documents. The first batch of new technologies, such as pumped-storage hydroelectricity
and centralized energy storage, will be constructed and utilized. (3) Despite primary
energy consumption increasing by 62% compared with the 2020 simulation results, carbon
emissions are reduced by a maximum of 57% in three development scenarios for 2050,
represented by wind, nuclear, and PV, with renewable and clean energy consumption
accounting for up to 50% and 70% of primary energy consumption, respectively. The
existence of coal-fired thermal power plants in the power system for peak regulation and
ensuring its stability, as well as the consumption of coal and oil in the industrial and
transportation sectors, account for the continued existence of a certain level of carbon
emissions in 2050.

In the future, Guangxi’s energy system will heavily depend on clean energy sources.
The goal of achieving an energy system with more than 70% clean energy by 2050 is not only
achievable, but also can be further reinforced through practical and detailed policy support,
making it feasible to attain the objective of carbon neutrality and an energy system with
over 80% clean energy by 2060. Future research should concentrate on renewable energy
consumption; clean energy decommissioning material recycling; and the decarbonization of
the heat, transportation, and industrial sectors, especially the electrification of these sectors.
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