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Gansu province will fulfill the carbon reduction target under the national carbon
neutrality strategy. As a developing province in China, Gansu will have to trade
off carbon reduction targets and economic development. This study adopts a
computable general equilibrium model to simulate the carbon reduction
pathway and estimate the possible impacts on the economy, output and
environment under a carbon-neutral target. Our results show carbon
emission will peak around 2033 in the baseline scenario and decline slowly
after the peak. While carbon emissions will peak around 2023 in the carbon
neutral scenario and decline very fast from 154 million tons in 2023 to 40 million
ton in 2060. The economy will continue to increase from 734 billion CNY in
2017-3375 billion CNY in 2050 under a carbon reduction target, which means
the carbon neutral target will have very limited economic impacts by 2060. At
the sector level, economic outputs vary among different sectors. The output
will increase significantly, such as power generation 14%, water supply 8% and
nonmental 4%. Some other sectors will decrease quickly, paper 15% and textile
industry 7%. Carbon reduction will also contribute to air pollutants reduction,
which is a benefit to air quality. Carbon neutral targets will bring more
opportunities in Gansu due to green energy potential without economic
burden. Proper carbon mitigation policy would avoid the adverse impact but
bring more potential to the economy in Gansu.

KEYWORDS

carbon neutrality, renewable energy, environmental pollution, gansu province,
IMED|CGE

Introduction

Climate change is one of the biggest challenges to the world today, and addressing
climate change has become a major issue for all countries (Cai et al., 2021; Romanello
et al,, 2021; Watts et al., 20215 Cai et al,, 2022). In response to climate change, the Paris
Agreement, signed by the international community in 2015 (Zhou et al., 2021; Ekardt and
Development, 2022), requires countries to keep the global average temperature rise below
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2°C and work towards limiting it to 1.5°C above the pre-industrial
level (IPCC, 2021; O'Neill et al., 2017). To address the global
climate crisis, China intended to fulfill a new Nationally
Determined Contribution (NDC) target (Timilsina et al,
2018), which aims to reach peak carbon dioxide emissions by
2030 and achieve carbon neutrality by 2060 (Zhang and Chen,
2022). China has actively participated in global governance
through measures such as industrial structure adjustment
(Zhu et al, 2019; Xiao et al, 2021), energy structure
optimization 2019), and energy efficiency
improvement (Zhang et al., 2015; Zhang et al., 2020). In 2019,
China achieved its nationally determined contribution to climate

(Liu et al,

change 2020. Compared with 2005, the carbon emission intensity
has dropped by 48.1%, and the proportion of fossil fuels in total
primary energy consumption has decreased by 15.3% (Zhao
2021). differ
significantly in economic development, energy consumption,

et al., However, provinces and regions

carbon emissions, and many other aspects, and thus the

vary
considerably across regions and sectors. The formulation and

pathways to achieving carbon neutrality goals
implementation of specific carbon emission reduction policies
for different regions are of great significance to the smooth
realization of the carbon neutrality goal (Xie et al., 2020).
Many studies have predicted carbon emissions pathways
under carbon neutrality targets at the national level and
regional levels. Zhang et al. assessed the energy transition in
China towards carbon neutrality. They found that if emissions
peak in 2025, the carbon neutrality goal calls for a 45-62%
electrification rate, 47-78% renewable energy in the primary
energy supply, and 64-1,649 MtCO2 of negative emissions, and
synergistically reducing approximately 80% of local air pollutants
compared to the present level in 2050 (Zhang and Chen, 2022).
Zhuo et al. found that the electricity supply costs would increase
by 9.6 CNY/kWh in China, and the major cost shift would result
from the substantial investments in RE capacities, flexible
generation resources, and network expansion (Zhuo et al,
2022). In Beijing-Tianjin-Hebei region, Wu et al. assessed the
co-benefit pathway for achieving both the carbon neutrality
target and Beautiful China goal and found significant mutual
effects of CO, emission mitigation and air pollution reduction
(Wuetal, 2022). Liu et al. estimated the decarbonization benefits
on air pollution in Guangdong-Hongkong-Macao Greater Bay
Area and found that the transport sector has the most significant
potential for carbon reduction. At the same time, energy intensity
and structural transformations are the main contributors to
with the
increasingly important over time (Liu et al., 2022a). Most of

reducing carbon emissions, latter becoming

these existing studies focused on the national level or developed

regions.

Gansu Province, located in western China, is one of the less
economically  developed  provinces  with  relatively
underdeveloped industries and a high dependence on

traditional fossil energy (Dong et al, 2015; Xin et al., 2021).
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Gansu is also one of the promising provinces with the potential
for a higher economic growth rate in the coming decades,
increase

meaning energy demand will rapidly. Hence,

achieving a carbon reduction target while maintaining
economic growth will be a major challenge for Gansu.
Recently, several studies have been conducted on the driving
forces and trend forecasting of carbon emissions in Gansu
Province. The influence of various factors on the change of
CO, emissions in Gansu Province varies significantly. Li et al.
found that Gansu had relatively low industrial CO, emissions
compared to other provinces, with the primary contributing
emissions from coal products (Li et al, 2017). In addition,
CO, emissions per capita in Gansu Province have grown
slowly over the past 2 decades. In the future, however, the
expansion of the economic scale will play a decisive role in
the growth of CO, emissions, while the secondary industry is the
largest emitter of carbon (Li et al., 2017). The cumulative growth
of CO, emissions in Gansu Province is 20.20%, driven mainly by
industrial structure, population size, and energy structure, whose
cumulative contribution rates were 9.68%, 7.81%, and 3.05%,
respectively (Xin et al., 2021). From another perspective, Gansu is
one of the provinces with abundant renewable energy. Large-
scale development of renewable energy can massively reduce
local carbon emissions while increasing the output of the power
sector and improving the potential for clean energy exports to
areas with higher energy demand. Under that circumstance,
Gansu’s economic development will get a long-term boost
(Zhou et al., 2022).

However, most of the existing studies on the pathways to
achieve carbon neutrality focus on the national level or some
developed provinces or cities in the east of China, such as Beijing-
Tianjin-Hebei, Yangtze River Delta (Wu et al., 2016), Pear] River
Delta (Cheng et al,, 2016). Few studies simulated or systematic
analyzed the possible carbon emission pathways in those west
provinces. Meanwhile, these studies used input-output method
and did not reflect the most recently released carbon neutrality
targets at the provincial-level. To further explore the feasible
pathways and impacts of achieving the carbon peak and
neutrality target in Gansu province, this study firstly adopts
IMED|CGE model in the following objectives: to simulate carbon
emission reduction under different scenarios, estimate the
macroeconomic impacts and output changes of achieving the
low-carbon transition goal by sectors, and assess the co-benefits
of carbon reduction on air pollutants reduction.

Materials and methods
IMED|CGE
This study uses the IMED|CGE developed by the Laboratory

of Energy Environmental Economics and Policy (LEEEP) of
Peking University. IMED|CGE model can flexibly adjust the
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TABLE 1 Parameters setting in IMED|CGE model.

Parameter/Year 2020
GDP growth rate (%/year) 7.5
Population growth rate (%/year) 1.2

3-3.6% from 2017 to 2060
5-6% from 2017 to 2060

Energy efficiency improvement (year)

Non fossil fuel Investment increase (year)
Fossil fuel cost increase (year) 5% from 2017 to 2060
Energy price increase 3% from 2017 to 2060
Non fossil fuel investment cost (CNY)

Air pollutants remover rate (Year) 2% 2017 to 2060

TABLE 2 Scenario setting.

Scenario Description

Baseline

Carbon Neutral

base year, regional, and industry classification according to the
specific research purpose and content. In this study, 2017 was
selected as the base year and dynamically simulated in one-year
steps up to 2060. The model contains 41 sectors, which are
divided into the sector, resource demand sector, land demand
sector, and energy supply sector. In addition, the model fully
considers technology pathways to describe energy supply
technologies such as power supply technology, non-fossil fuel
supply technology, and carbon capture and storage (CCS)
technology, which allows the model to more reasonably assess
the cost of carbon abatement. Similar to most CGE models,
IMED| CGE solves general equilibrium problems year-by-year
through a mathematical programming system under the General
Algebraic Modeling System (GAMS/MPSGE) (Rutherford,
1999). The model consists of four modules: the production
the
government and households, and the expenditure module for

module, the market module, income module for
final demanders. Sectoral activities are represented by a nested
constant elasticity of substitution (CES) production function,
where inputs are divided into materials, energy commodities,
labor, capital, and resource inputs. IMED|CGE model has been

widely used in our previous studies.

Scenarios setting

This study will simulate different pathways for achieving carbon
peak and neutrality under various scenarios and estimate the
potential impacts. Table 1 shows the parameter settings in
IMED|CGE model, including GDP, population, and investment
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2030 2040 2050 2060
6.4 4.1 3.1 2.5
1.25 -0.05 -0.36 -0.52

Wind:7000; unclear:8300; hydro:3870; biomass:9100; Solar PV:250000;

Future socio-economic development will continue according to the existing path and trend according to NDC target.

A policy scenario for deep carbon emission reduction, aiming to achieve the carbon peak in 2030 and carbon neutrality in 2060.

in Gansu provinces. For example, in the base year of 2017, Gansu
province has a population of 26 million people, a GDP of 102 billion
USD, and a per capita disposable income of 3,813 USD. Gansu is a
province dominated by heavy industry, and its economic growth is
mainly at the cost of high energy consumption. In 2017, Gansu
Province consumed 0.99 tons of standard coal for 10,000 CNY GDP,
emitted 151 million tons of CO,, accounting for 2.1% of national
CO, emissions, and 90 million tons of exhaust gas.

The socio-economic driving assumptions in IMED|CGE
total
efficiency

model, including population growth factor
productivity  (TFP),

improvement rate, are mainly based on the 13" Five-year

rate,
and autonomous energy
Plan, 14™ Five-year Plan, and mid-to long-term plan to 2060.
Based on the future assumption, the economic growth rate will
slow down after 2031, and the population growth rate in Gansu
will decline from 2031. The baseline scenario assumes a 2%
annual removal rate of air pollutants based on technological
improvements and legislative requirements. Carbon emissions
related to energy combustion are calculated using the emission
coefficient recommended by IPCC, (2021), while emissions from
industrial processes are assumed to be proportional to activity
levels across China (e.g., steel production). This study’s process-
related emissions were derived from EDGAR 4.1 emissions
inventory data, with 2005 as the base year. Social-economic
parameters, including economic growth rate, population
growth, and technology data, are described in our previous
study (Liu et al., 2022b).

We propose two scenarios to simulate the possible carbon
emission trends and potential impacts with or without intensive
carbon reduction targets (Table 2).

frontiersin.org
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FIGURE 1

Primary fossil fuel demand in baseline and carbon neutral scenarios by 2060.

Baseline scenario: Future socio-economic development will
continue according to the existing path and trend of NDC target.
There is no intensive carbon reduction policy in China and
Gansu province. Carbon emissions will continue to grow without
the stringent carbon reduction target, except for the carbon
reduction caused by technological progress. There is no
additional policy cost on carbon reduction. Energy demand
will increase fast and output in each sector will also follow the
exsiting path.

Carbon Neutral Scenario: A policy scenario for deep carbon
emission reduction, aiming to achieve the carbon peak in
2030 and carbon neutrality in 2060. Based on China’s carbon
emission reduction potential, Carbon Neutral Scenario estimates
the total carbon emissions allowed for Gansu Province to achieve
the carbon neutrality target by 2060, which is based on the
principle of per capita emission convergence. The historic data
from 2011-2020 were calibrated with 2017 as the base year and
2060 as the target year.

Result
Future energy demand projection

The primary energy demand in China and Gansu province
will continue to rise until 2030 under the baseline scenario. In
contrast, it will decline sharply after peaking in 2023 under the
carbon-neutral scenario. Figure 1 shows that primary energy
demand in Gansu will rise to 61 Mtoe by 2029 in the baseline
scenario and 51 Mtoe by 2025 in the carbon neutral scenario and
decline to 42 Mtoe in the baseline scenario and 15 Mtoe in the
carbon neutral scenario by 2060. In the base year of 2017, coal,
crude oil and natural gas are 31 Mtoe, 14.6 Mtoe and 2.7 Mtoe,
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respectively. In the baseline scenario, coal will increase rapidly to
39 Mtoe in 2030 and decline to 27 Mtoe in 2060, crude oil will
increase to 19 Mtoe in 2030 and slightly decline to 12 Mtoe in
2060. The demand for nature gas will slightly reach 4.3 Mtoe in
2060. However, in the carbon neutral scenario, the total fossil fuel
demand will largely decline from 2017 to 2060. From each
category perspective, demand for coal is expected to decline
the most for 22.9 Mtoe from 2017 to 2060. Crude oil will likely
increase from 14.6 Mtoe in 2017 to 16.3 Mtoe in 2050, decreasing
quickly to 5.3 Mtoe in 2060. Nature gas will be stable from
2017 to 2030 and will have only 1.3 Mtoe left in 2060.

The share of each energy type changes slightly throughout
the time interval in the baseline scenario. For example, the share
of coal demand in primary energy is 64% in 2017, 63% in 2029,
and 62% in 2060. The share of crude oil remains essentially
unchanged. Only natural gas increases gradually over time, from
5.5% in 2017, 6.4% in 2029, to 10% in 2060. Under the carbon
neutral scenario, the share of coal in primary energy demand will
decline to 65% in 2023 and 55% in 2060.

The total final energy demand in China will increase under
both the baseline and carbon neutral scenarios but will be much
faster in the baseline scenario, from 2.1 to 3.6 billion toe from
2017 to 2060, whereas 2.3 billion toe in 2060 for carbon neutral
scenario (Table 3). As for Gansu province, final energy demand
will rise from 28 million toe in 2017 to 42 million toe in
2060 under the baseline scenario and reduce to 21 million toe
by 2060 under the carbon neutral scenario. Figure 2 presents the
final energy consumption by sector and by energy from 2017 to
2060 under the two scenarios. Results show that in both
scenarios, there will be a continuous ascending trend in
electricity demand from 9.6 million toe in 2017 till 2051.
Under the carbon neutral scenario, it is expected to increase
up to 25.9 million toe by 2051, slowly declining to 18.3 million toe
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TABLE 3 Final energy demand projection in Gansu provinces and China from 2017 to 2060(unit:Mtoe).

Year Gansu China
Baseline Carbon Neutral Baseline Carbon Neutral
2017 28 28 2136 2136
2020 28 27 2292 2264
2025 38 32 2786 2434
2030 42 33 3074 2446
2045 43 33 3392 3043
2050 43 33 3529 3105
2060 42 21 3643 2388
Baseline Carbon Neutral
<)
o
L
Sectors
[ Agriculture
- Chemicals
o . Coal mining
o
3 - Coke
) ! Construction
% Crude oil
= . Electronics
o . Food production
g- . Household
2 z . Machinery
5 % . Metal product
° Z || Metal smelting
§ . Natural gas
o B Nonmetal
2 . Other manufacturing
g . Other Mining
. I Paper
o . Service
« .
. Textile
. Transport
. Transport equipment
. Water supply
o
2020 2030 2040 2050 20602020 2030 2040 2050 2060
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FIGURE 2
Final energy consumption by sector and by energy in Gansu.
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FIGURE 3
Carbon emissions in the baseline scenario and carbon neutral
scenario in Gansu.

in 2060. In contrast, the baseline scenario will rise from 9.6 to
22.5 million from 2017 to 2060.

On the one hand, energy use in Gansu Province is gradually
electrified, and the deep emission reduction has let to a
corresponding increase in clean electricity consumption to a
certain extent. On the other hand, coal and oil consumption show
a downward trend in both scenarios, which further indicates a

Baseline

Carbon emission (Mil.ton)

10.3389/fenvs.2022.1042344

higher percentage of final clean energy. From an industry
perspective, transportation is the major sector for oil
consumption, and coal is mainly used in thermal power
generation, and chemical and metal smelting industries.
Under the baseline scenario, coal consumption will increase
from 7.7Mtoe in 2017 to 9.2Mtoe in 2060, and oil will decline
from 5.2Mtoe in 2017 to 4.3Mtoe in 2060. Under the carbon
neutral scenario, coal and oil further decrease to 1.1Mtoe and
1.4Mtoe, respectively. Natural gas consumption shows an
upward trend under the baseline scenario and a downward
trend under the carbon neutral scenario. Natural gas is mainly
used in metal smelting, household and service industries. Natural
gas increases from 2.9Mtoe in 2017 to 4.0Mtoe in 2060 under the
baseline scenario, decreasing to 0.4Mtoe in 2060 under the
carbon neutral scenario.

However, the final energy consumption of oil has rebounded
due to the impact of the COVID-19 epidemic in 2020. From an
optimistic view, the decline in non-renewable energy use under
the deep carbon neutral reduction scenario is much more
significant than that in the baseline scenario. The deep
emission reduction policy will force the reduction in fossil
energy use in order to achieve the carbon peak and carbon
neutrality goals faster. On the whole, the future final energy
structure will experience a gradual transition from fossil energy
(natural gas, oil, coal) to electricity. Compared with the baseline
scenario, more significant reductions are looking forward in final
energy consumption across various industries in Gansu, where
electricity from renewable energy will become the dominant
energy type. Although coal can still be the primary energy
source in the short term, an early energy structure transition
by reducing coal consumption is strongly recommended.

Carbon Neutral
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FIGURE 5
Air pollutants emission reduction of main sectors in Gansu.

Carbon emissions pathways

Figure 3 shows the changes in CO, emissions from 2017 to
2060 under two scenarios in Gansu Province. In both scenarios,
carbon emissions will increase from 2017 and peak between
2023 and 2029. However, the peak emission is much higher in the
baseline scenario than carbon neutral scenario. Under the
baseline scenario, carbon emissions are estimated to maintain
a growth trend from 2017 to 2029. They will reach a peak of
182 million tons in 2029, then slowly decline to 133 million tons
in 2060. The total cumulative CO, emissions reduction from the
energy system shall be around 114 million ton to achieve the
carbon peak target. In the carbon neutral scenario, strict carbon
emission reduction policies not only lead to a substantial
reduction in CO, emissions but also result in an earlier peak
around 2023 at 154 million tons; Afterwards, the emissions drop
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rapidly to 40 million ton by 2060. Compared with the baseline
scenario, the carbon neutral scenario reduces emissions by
89.68 million tons in 2060, nearly 69% of total emissions.

CO, emission reductions in each sector varies under the two
scenarios in Gansu. Figure 4 exhibits that CO, emissions in Gansu is
mainly a decline in power generation, metal smelting, petroleum oil
smelting, and the transportation sector in both scenarios. While in
the baseline scenario, total CO, emission reduction is only around
11.9 million tons from 2017 to 2060, and major emissions reduction
industries are power generation with 12.3 million tons, metal
smelting with 4.1 million tons, petrol oil with 2.1 million ton,
and transportation with 2.3 million ton. In the carbon neutral
scenario, cumulative total CO, emission reduction will reach to
101 million tons, including 50 million ton in power generation,
14.2 million ton in metal smelting, 7.6 million tons in transportation,
6.8 million tons in household, and 6.1 million ton from petrol oil,
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Economic output by sector in baseline and carbon neutral scenario from 2017 to 2060.

2040 2050 2080

which account for 84% of the total CO, emission reduction in
Gansu. More specifically, the contribution of CO, emission
reduction is 50% from power generation, 14% from metal
smelting, 7.4% from transportation, 6.7% from the household,
and 6.5% from petrol oil. Other sectors contribute little to the
reduction, such as the agriculture and chemical sector, with 1.5%
and 2.4%, respectively.

Air pollutant emissions

Carbon emissions reduction also brings co-benefit to air
pollution reduction. Figure 5 shows the synergistic effects of air
pollutants in Gansu under the carbon emission reduction
constraints. In the baseline scenario, only SO, emissions increase
from 2017 to 2025 by 0.023 million tons (+23%) and slowly decrease

Frontiers in Environmental Science

after 2025. While NOx, PM, 5, PM 0, and VOC emissions constantly
decrease from 2017 to 2060 by 0.09 million tons (-30%) and
0.02 million tons (-64%), 0.016 million tons (-94%), and
0.024 million ton (-28%), respectively. SO,, NOx, PM,s, PM;,,
and VOC emissions in 2060 will reduce by 0.013 million tons
(-12%), 0.239 million tons (-80%), 0.029 million tons (-88%),
0.017 million tons (-99%), and 0.069 (-81%), respectively. In the
carbon neutral scenario, due to energy structure and final energy
demand changes, only SO, emissions slightly increased from 2017 to
2025. After 2025, all the air pollutants are likely to drop sharply
compared with baseline scenario. SO,, NOx, PM, s, PM;,, and VOC
emissions are reduced by 0.004 million tons (-4%), 0.128 million ton
(-43%), 0.023 million ton (-70%), 0.016 million tons (-96%), and
0.034 million tons (-40%), respectively. In general, the emissions
across the entire time period of SO,, NOx, PM, 5, PM;, and VOC
are expected to decrease by 0.078 million tons (-78%), 0.283 million

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1042344

Xie et al.

10.3389/fenvs.2022.1042344

Power generation
Water supply
Nonmetal
Chemicals

Food production
Transport equipment
Transport

Service
Agriculture
Construction
Other Mining
Industry

Metal smelting
Metal product
Machinery
Electronics

Other manufacturing
Textile

Paper

Petrol oil

Crude oil
Manufactured gas
Coal mining
Natural gas

Coke

Sectors

FIGURE 7

Output changes from the carbon neutral scenario to the baseline scenario in 2050 in Gansu.

tons (-94%), 0.032 Million tons (-97%), 0.017 million tons (-99%),
and 0.080 million tons (-95%), respectively.

Contributions to air pollutants reduction are different among
sectors. Figure 5 further presents the air pollutants emissions under
different scenarios from a sectoral perspective. For SO, emission,
power generation, chemical and non-metal sectors are the major
emission sources, accounting for about 90% of the emissions in
2017 in the baseline scenario, and 86% in 2025, and 60% in 2060,
respectively. Under the carbon neutral scenario, the values are
estimated to increase slightly to 91%, 90%, and 78% in 2017,
2025, and 2060 in power generation, chemical, and non-metal
sectors, respectively, because the proportion in other sectors
decreases faster. Transportation and power generation are the
primary emissions sectors for NOx emissions, contributing
approximately 78% of the total emissions in 2017 and 75% and
55% in 2025 and 2060, respectively, under the baseline scenario. The
carbon neutral scenario further increases the values to 80% and 59%
in 2025 and 2060, respectively. As for VOC emissions,
transportation and non-metal are the dominant emissions
sectors, producing nearly 94% of the total emissions in
2017 under the baseline scenario and 92% and 75% in 2025 and
2060, respectively. In the carbon neutral scenario, VOC emissions in
the transportation and non-metal sectors in 2017, 2025, and
2060 grew to 94%, 93%, and 87%, respectively. The primary
sources of PM,, emissions are power generation and non-metal
sectors, accounting for about 96% of total emissions in 2017 under
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the baseline scenario and 95% and 70% in 2025 and 2060,
respectively. While in a carbon neutral scenario, the ratios rise to
96%, 97%, and 99% in 2017, 2025, and 2060, respectively. For PM, 5
emission, power generation, transportation and non-metal are the
leading sectors, which accounted for 95%, 93% and 68% of total
emission in 2017, 2025, and 2060, respectively, under the baseline
scenario; and for 94% in 2025 and 83% in 2060 under the carbon
neutral scenario.

Economic development

The carbon neutrality target significantly reduces carbon
dioxide and air pollutants emissions and generates subsequent
economic impacts in Gansu. Overall in the baseline scenario,
GDP in Gansu continues to grow from 107 billion USD in 2017,
to 215 billion in 2030 and 481 billion USD in 2060, increasing
4.5 times with an average annual growth rate of 3.6% from
2017 to 2060. Per capita GDP will increase from 4,059 USD/
person in 2017 to 19,424 USD/person in 2060, with an average
annual growth rate of 3.7%. While in the carbon neutral scenario,
GDP in Gansu is about 214 billion USD in 2030 and 477 billion
USD in 2060, respectively, with an average annual growth rate of
3.5%; while the GDP per capita will reach 19,238 USD/person in
2060 under a 3.7% average annual increase. Our results indicate
that deep emission reduction policies in Gansu will improve
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energy efficiency, significantly reduce primary energy
consumption, and steadily strengthen GDP growth.

In terms of economic growth components, consumption
growth and inter-provincial transfer in Gansu play a decisive
role in medium and long economic growth. The continuous
GDP growth under the baseline scenario is consistent with the
carbon neutral scenario (Figure 6). Of all the components,
consumption grew the fastest, from 50 billion USD in 2017 to
300 billion USD in 2060, with an average annual growth rate of
4.3%, and the service sector takes the highest share, increasing
from 43% in 2017 to 52% in 2060. However, agriculture and
food production increased slightly from 12% in 2017 to 14% in
2060. During the same time, the inter-provincial transfer is
estimated to grow significantly from 41 billion USD to
181 billion USD, with an average annual growth rate of
3.5%. By 2060, metal smelting will account for 29%,
followed by the service industry with 18% and the food
production industry with 16%. Inter-provincial transfer
increased from 45 billion USD in 2017 to 145 billion USD
in 2060, with an average annual growth rate of 2.8%. In 2060,
the paper industry takes up a maximum of 16%, followed by
the textile and other mining industries, with 11% and 10%,
respectively.

The sectoral output changes between the two scenarios in
2050 in Gansu Province are shown in Figure 7. The significant
increase in output mainly involves energy production-related
sectors, water supply, transportation equipment, chemicals, and
food production. Power generation ranks first, with an increase
of more than 14% in output. The water supply comes in second
with a rise of 8%. In contrast, output growth in some sectors is
below 5%, such as agriculture, transportation, and service. The
most significant output reduction under the carbon neutral
scenario is in the paper industry, with a reduction of
approximately 15%, followed by the textile industry, with a
decrease of about 7%. Other sectors observe an output

of than 5%, other
electronics, and  machinery.  Overall,
implementing a carbon neutral policy does not harm

declining  trend less including

manufacturing,

economic development in Gansu Province compared to the
baseline scenario. Instead, the net economic output is positive
and likely to have a slight increase.

Discussion and conclusion

This study applied the Integrated Model of Energy,
Environment and economy for Sustainability Development
(IMED|CGE) model to assess the impacts of achieving carbon
neutrality goals on primary and final energy demand, carbon
dioxide emissions, air pollutants emission, socio-economic
development, and sectoral output. The results demonstrated
that the carbon neutrality target would substantially reduce
fossil energy consumption, carbon dioxide emissions and
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multiple air pollutants emissions in Gansu Province. Due to
the unique natural endowments of Gansu and abundant
renewable energy, the carbon neutrality target will not cause a
negative impact on macroeconomic development. On the
contrary, economic output has more significant potential for
future growth in energy-related and water-supply industries.
Other food
production, transportation, and service industries, are also

industries, such as non-metal, chemical,
expected to observe a slight increase. Under the pressure of
strict carbon restrictions, traditional industries such as paper,
textile, and electronic manufacturing will see significant declines
in the future.

Gansu must adjust a multi-objective optimization process
to achieve the carbon neutrality target, including upgrading
energy structure, increasing carbon emission limits,
optimizing industrial structure, and improving energy
efforts
generation, metal smelting, petrol oil, and transportation
Under the carbon

neutral pathway, an earlier peak will appear around 2023 at

efficiency. Additional are needed in power

sectors to reduce carbon emissions.

154 million tons, and emissions will drop to 40 million tons by
2060 for a cumulative emission reduction of 114 million
tons (74%).

As for macroeconomic impact, a strict carbon emission
reduction policy in Gansu will bring co-benefit slightly, and
more potential opportunities in low carbon sectors, such as the
more abundant renewable energy, the more end-use clean
energy, and larger output will continue in the power
generation sector. As for environmental impact, the carbon
neutrality target will synergistically lower air pollutants
emissions. Compared with 2017, emissions of SO,, NOx,
PM, s, PM,, and VOC in 2060 shall be reduced from 78% to
99%. Air pollutants reduction will also improve air quality and
bring health co-benefits to the public.

Gansu should seize its unique advantages and vigorously
develop renewable energy by encouraging technological

innovation, enhancing non-fossil energy targets, and
stimulating clean energy investment and renovation in the
power industry. It can promote economic development and
employment opportunities in low-carbon industries in Gansu,
export excess clean power to provinces with high energy demand
and insufficient supply of clean energy, and improve the overall
ecological environment and the sustainable development of
society.

There are several limitations in our study. First, this study
only estimated the emission reduction of carbon neutral target air
pollutants but did not simulate the impacts on air quality in each
scenario. Second, this study only considered two scenarios:
baseline and carbon neutral. Carbon neutral target is one of
the challenges for underdeveloped regions and more ambitious
actions are needed in energy and industry restructuring. Another
moderate scenario is needed for further policy assessment in

Gansu Province.
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