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Abstract: CO, emission resulted from fossil energy use is threatening human sustainability globally.
This study focuses on the low-carbon transition of Hebei’s coal-dominated energy system by
estimating its total end-use energy consumption, primary energy supply and resultant CO, emission
up to 2030, by employing an energy demand analysis model based on setting of the economic growth
rate, industrial structure, industry/sector energy consumption intensity, energy supply structure,
and CO, emission factor. It is found that the total primary energy consumption in Hebei will be
471 and 431 million tons of coal equivalent (tce) in 2030 in our two defined scenarios (conventional
development scenario and coordinated development scenario), which are 1.40 and 1.28 times of the
level in 2015, respectively. The resultant full-chain CO, emission will be 1027 and 916 million tons in
2030 in the two scenarios, which are 1.24 and 1.10 times of the level in 2015, respectively. The full-chain
CO; emission will peak in about 2025. It is found that the coal-dominated situation of energy
structure and CO, emission increasing trend in Hebei can be changed in the future in the coordinated
development scenario, in which Beijing-Tianjin-Hebei area coordinated development strategy will
be strengthened. The energy structure of Hebei can be optimised since the proportion of coal in
total primary energy consumption can fall from around 80% in 2015 to below 30% in 2030 and the
proportions of transferred electricity, natural gas, nuclear energy and renewable energy can increase
rapidly. Some specific additional policy instruments are also suggested to support the low-carbon
transition of energy system in Hebei under the framework of the coordinated development of
Beijing-Tianjin-Hebei area, and with the support from the central government of China.

Keywords: low-carbon transition; regional energy demand; China; Hebei

1. Introduction

1.1. General Information of Hebei

Hebei province is in China’s north, bordering the Bohai Sea to its east and surrounding Beijing
municipality and Tianjin municipality (the area consisting of Beijing, Tianjin and Hebei is called
Beijing-Tianjin-Hebei area). In 2015, Hebei ranked 7th among all the nation’s 31 provinces in total
economic development and 19th in gross domestic product (GDP) per capita (about 6445 US$), which
ranks at moderate-to-low level within the whole country. This province has developed a complete
industrial system, ranking first in the nation, especially in steel production [1].
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Hebei has adopted a typical extensive heavy-chemical industrial development model often seen
in China and the quality of the economic development is not high. The industrial structure is in
a troubling situation [2], with overwhelming steel industry and a poorly developed tertiary industry.
The urbanisation rate of Hebei falls below the national average. The scale of economic development
of the major cities in Hebei are smaller than that of Beijing and Tianjin, for instance, even the sum of
GDP in 2015 of top three cities (Tangshan, Shijiazhuang and Cangzhou) in Hebei was 1570 billion RMB
(Chinese Yuan, the average exchange rate in 2015 is 6.2284 RMB to 1 US$), which is lower than
2270 billion RMB in Beijing and 1653.82 billion RMB in Tianjin in the same year.

Huge differences exist in infrastructure construction and public service levels compared with
surrounding Beijing and Tianjin. In particular, a huge gap is formed in the level of economic
development in 14 cities (counties) surrounding Beijing and Tianjin, as compared with Beijing and
Tianjin themselves [3]. In other words, Hebei is facing gradually urgent pressure on sustainable
development in the future [4,5].

1.2. Energy Consumption and CO, Emission in Hebei

In 2015, total primary energy consumption in Hebei was 336 million tons of coal equivalent
(tce), with a 45% increase from 2006 [6]. Coal consumption maintained a dominant position in
primary energy consumption at around 92% from 2006 to 87% in 2015 (Figure 1). In 2015, coal, oil,
natural gas, and primary electricity accounted for 86.55%, 7.99%, 3.30%, and 2.16% of total consumption,
respectively [6]. Energy consumption per capita in Hebei (3.95 tce) was higher than national average
levels (3.13 tce) in 2015 [1,6].
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Figure 1. Primary energy consumption composition in Hebei (2006-2015). Data source: [6].

The secondary industry is the foremost contributor to energy consumption in Hebei [7].
Total energy consumption of that industry reached 227 million tce in 2014, accounting for approximately
80% of the total energy consumption. Within the secondary industry sector, energy consumption of
six energy-intensive sub-industries (coal mining, oil processing and coking, chemicals, non-metallic,
ferrous metal, and electricity and heat) reached 185 million tce in 2015, accounting for approximately
80% of secondary industry sector energy consumption [6]. Energy consumption types in the primary
industry include coal, oil (gasoline and diesel), and electricity. In terms of total consumption, energy
consumption of primary industry only accounted for 2.1% of total energy consumption in Hebei in
2015 [6]. With regard to energy intensity, energy consumption per unit of GDP of primary industry
was 0.19 tce/10,000 RMB in Hebei in 2015 [6]. Energy consumption of the tertiary industry continually
increases with the growth of its value-added. Energy consumption for every 10,000 RMB value-added
of this industry was 0.24 tce/10,000 RMB [6]. Residential energy consumption mainly involved two



Sustainability 2017, 9, 1184 3 of 26

sections: energy use in private transport and housing [8-10]. Residential energy consumption per
capita in Hebei was 0.46 tce in 2015.

As Figure 2 shows, as the energy consumption increased quickly, CO, emission in this area
reached about 723 million tons, which is 10 times of the level in 1980 and the average annual growth
rate was 6.3% since 2000. Hebei has been under high pressure to control its CO, emission increasing
trend due to the high ratio of CO, emission in Hebei to all of China (about 10%).
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Figure 2. Energy consumption and CO, emission in Hebei (1980-2015). Data source: [6,9].

1.3. Requirements of the Beijing-Tianjin-Hebei Area Coordinated Development Strategy

Beijing-Tianjin-Hebei area coordinated development has strategically reached an unprecedented
level and the central government of China released the Beijing-Tianjin-Hebei cooperation and
development plan in 2015 [11,12]. One of the key drivers is to alleviate the heavy air pollution
situation in this area, majorly caused by the large scale of coal use in Hebei, whose SO,, NOx and dust
pollutants accounted 6%, 7% and 10% of the total in China in 2015, respectively [8].

In the future, these two major cities in northern China (Beijing and Tianjin), along with the large
industrial province Hebei, will constitute an integrated and developed region [12]. The economic
development and resources utilisation in this region will be managed in a coordinated framework.
Hebei is responsible for distributing several functions of Beijing, implementing low-carbon energy
policies, and accelerating the industrial structure transition [13]. Hebei will also play more significant
roles as an ecological service platform as well as an ecological conservation zone [14].

In early 2016, Beijing-Tianjin-Hebei area economic and social development plan during the
period from 2016 to 2020 was released and it was the first inter-provincial plan in China based on
the “Beijing-Tianjin-Hebei cooperation and development plan” released by the central government
of China in 2015. In this plan, the Beijing-Tianjin-Hebei area will be developed in a coordinated way
and realise the integrated layout of urban agglomeration development, industrial transformation and
upgrading, transportation facilities, and social and livelihood improvement [15].

In April 2017, the central government of China decided to set up Xiong’an New District as a new
national-level district. It is planned to develop about 100, 200 and 2000 square kilometre areas in near,
medium and long term, respectively, to ease the Beijing non-capital functions, optimise the urban
layout and spatial structure of Beijing-Tianjin-Hebei area, and cultivate new driver for innovative
development in China [16].
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Therefore, Hebei urgently needs to adjust the energy consumption structure, reduce coal use,
improve the proportion of clean energy among energy consumption, and achieve diversification of
energy supply to decrease fossil energy consumption, CO, emission and air pollutants emission [5,17].
The key question is how to fulfil the low-carbon transition in Hebei’s energy system from the
perspective of the future energy development strategy and policy-decision. Developing the research
methodology and modelling tool, and performing in-depth study on the path to the low-carbon
transition and corresponding policy suggestions are urgently needed.

1.4. Literature Review of the Studies on Regional Low-Carbon Transition of Energy Structure

Previous research on low-carbon transition of energy system can be mainly categorised into two
types: research based on top-down models and research based on bottom-up sector-level analysis.

For the first type, the commonly used optimisation models, including the cost minimisation
model, utility maximisation model and computable general equilibrium (CGE) model, are very
complex and require abundant data, since cost and economic parameters for various types of energy
use technologies are often needed when these models are adopted. For example, International Energy
Agency and Nordic Energy Research (2016) [18] focused on energy and carbon technology pathways
in the Nordic region through optimisation modelling. Liu et al. (2016) [19] studied the primary energy
consumption and carbon emissions in different scenarios at 10-year intervals between 2010 and 2050
in whole China and showed that controlling coal consumption will have an important influence on
the control of total carbon emissions and of carbon emission peaking; promotion of non-fossil fuel
energies will offer a growing contribution to a low-carbon transition in the medium and long term
and the establishment of a low-carbon power system is crucial for the achievement of low-carbon
energy transition. Yuan et al. (2014) [20] constructed China’s 2050 energy consumption and associated
CO; reduction scenarios by simulating China’s economic development and the consideration on the
impacts of urbanisation and income distribution.

For the second type, some studies are conducted by estimating energy consumption and demand
through decomposing it sector-by-sector. In these studies, energy efficiency data and structural
parameters are essential. For example, Emodi et al. (2017) [21] explored Nigeria’s future energy
demand, supply and associated GHG emissions from 2010 to 2040 by using the Long-range Energy
Alternative Planning (LEAP) model. Linda and Espegren (2017) [22] analysed how various energy
and climate measures can transform Oslo into a low-carbon city by employing a technology-rich
optimisation model. Zhao et al. (2017) [23] presented a study on the energy system modelling
towards renewable energy and low carbon development for Beijing by using the EnergyPLAN tool.
Pan et al. (2017) [24] examined China’s energy transformation towards the 2 °C global warming goal
until 2100 by using integrated-assessment model (the Global Change Assessment Model (GCAM)).

These two common types of methods may not be available for the analysis on sub-region of the
developing countries (including China), in which the economic and technological contexts are in a
fast-evolution period [25].

1.5. Recent Studies on Hebei’s Energy Demand Projection

Most early research specified on Hebei discussed about energy demand by considering overall
economy development, and about carbon emission by considering energy structure changing.
For example, Du et al. (2015) [7] analysed the dynamic relationship between energy consumption
and economic growth by using the time series data of output, capital, employment and energy
consumption in Hebei from 1980 to 2012. Niu et al. (2011) [26] analysed the relationship between the
carbon emissions and the changes in energy consumption structure in Hebei province, and predicted
carbon emissions from 2010 to 2015. Wang and Yang (2015) [14] studied the relationship between
regional carbon emissions and industry development of Beijing-Tianjin-Hebei economic band case.

Few studies conduct quantitative analysis on this region’s low-carbon transition of energy system
since large amounts of data on efficiency and cost are indispensable if optimisation methods or cost
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minimisation methods are adopted. Because only sectoral activity level data are available at provincial
level in China, a useful method for estimating total regional energy consumption can be employed by
integrating sectoral estimation of energy consumption and resultant carbon emission with government
plans, expert opinions and literature review. For example, there was a study, taken by Institute of
Tsinghua University at Hebei (ITUH) [10], aimed to support the strategy decision on the coordinated
development of Beijing-Tianjin-Hebei area, involving economic development, energy consumption
and air pollution emission. In the study of [10], two scenarios are designed for the future development
for Hebei to 2030, based on the different prediction of GDP and its structure. Future energy demand
was derived on the method of energy consumption intensity by sector while energy supply structure
was determined by assumptions based on trend analysis and central government expectation.

1.6. Scope and Structure of This Paper

Based on the literatures review shown in Sections 1.4 and 1.5, we find it is meaningful to focus on
the research for the low carbon transition of energy-system by develop suitable tools for the specific
regions such as Hebei. This study will investigate how the more stringent plans can alter the energy
structure to affect this regional low-carbon transition using Hebei as a case based on a bottom-up
modelling analysis. We focus on the low-carbon transition of Hebei’s coal-dominated energy system
by estimating its total end-use energy demand, primary energy supply and resultant CO, emission up
to 2030, by employing an energy demand analysis model based on settings of the economic growth
rate, industrial structure, industry/sector energy consumption intensity, energy supply structure, and
CO, emission factor.

This paper has six sections. Section 2 introduces the methodology, including the model adopted
and the calculation equations employed. Section 3 presents the two scenarios defined in this study
and their major settings. Section 4 mainly lists the key data and assumptions. Section 5 gives out the
results of energy consumption and CO, emission, and makes some discussions. The conclusions and
policy recommendations are given in Section 6.

2. Methodology

2.1. Framework of Model

The quantitative analysis model based on energy consumption intensity is chosen in the present
study, as Figure 3 shows. Future end-use and primary energy demand, and direct and full-chain CO,
emission by industry/sector are calculated step by step, with the input of GDP, energy intensity of
each industry/sector, emission factor of CO,, conversion and transmission loss rate from primary
energy to end-use energy, and energy supply strategy.

That is, for an industry/sector, its future total end-use energy consumption can be estimated by
multiplying the energy consumption per unit of GDP or product and GDP output or the products
output, respectively. Future total residential end-use energy consumption can be estimated by
multiplying the result of residential energy consumption per capita for an urban or rural resident and
the corresponding population size.

Based on the end-use energy demand analysis results, primary energy demand and supply can
be found with the research on conversion and transmission loss rate from primary energy to end-use
energy, and energy supply strategy. Both direct and full-chain CO, emission can be calculated with the
determination of CO, emission factor by energy type.
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Figure 3. Framework of the quantitative analysis model in this study.

2.2. Calculation Equations

(1) End-use energy consumption

Based on the characteristics of different industries/sector, end-use energy consumption is
calculated as following Equations (1)—(6) in this study.

For the year f, the total end-use energy consumption is the sum of end-use energy consumption
of four industries/sectors (i) as Equation (1) shows:

4
EndE},, = Y EndE} 1)
i=1
where EndEfm[ represents the total end-use energy consumption, and EndE! is the end-use energy
consumption of four industries/sector i in year t. For each industry, it is calculated by multiplying the
economic value/goods output by energy intensity.
Equation (2) is adopted for the primary industry:

EndE! = GDP! - Intensity! 2

where, for the year t, EndE! is the total end-use energy consumed by primary industry, GDP} is the GDP

of primary industry, and Intensity} is the energy consumption per unit of GDP of primary industry.
Equation (3) is adopted for secondary industry:

t

output
. 1 t
Intensztyc(ml

o iyt .
EndE, = Electricityy,py,,; - Intensity gy, pyicip, + Steel

t
output

- Intensityt,
+Cement(y,,,,; - Intensityg,,,,,, + Coal
+GDP¢§il—pmcessing - Intensityl,; + GDPL

+GDPL 0 coctors - Intensityly, o

Intensitt 3
hemical ~ TYENSUY cpopical

where, for the year t, EndE} is the total end-use energy consumed by secondary industry,
Electricityfmtput is the electricity output, Intensityt,, , . ity 1S energy consumption per unit electricity

output, Steelfmtpm is the steel output, Intensityt, , is energy consumption per unit steel output,

t

Cementy,,,

; is the cement output, Intensityl,, ., is energy consumption per unit cement output,
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Coalt

outpu il—processing
is the GDP of oil processing industry, Intensity’., processing 1 the energy consumption per unit of GDP

 is the coal output, Intensityl, , is energy consumption per unit coal output, GDP!

of oil processing industry, GDPL, . . is the GDP of chemical industry, Intensityl,,, . . is the energy
consumption per unit of GDP of chemical industry, GDPY,,.. ..., is the GDP of other sectors in
secondary industry, and Intensityly,, .. .;.r is the energy consumption per unit of GDP of other
sectors in secondary industry.

Equation (4) is adopted for the tertiary industry:
EndEL = GDP} - Intensity}, 4)

where, for the year t, EndE} is the total end-use energy consumed by tertiary industry, GDP is the
GDP of tertiary industry, and Intensity} is the energy consumption per unit of GDP of tertiary industry.

For residential sector, its end-use energy consumption is calculated by multiplying the population
by energy intensity as Equation (5) shows:

EndE!y = Pop' - Intensity) ®)

where Pop' is the resident population in year t, and Intensity’, is the energy consumption intensity per
capita in year t.

The end-use energy consumption of each industry/sector can be divided by end-use energy type
(j) and the total end-use energy consumption of four industries/sector by end-use energy type can be
summed from each industry/sector as Equation (6) shows:

4
EndEfoml,]- =) (Sharef/j . EndEf) (6)
i=1

t
total,j

industries/sectors, and Share! ;i the proportion of end-use energy type j in the total end-use energy

consumed by industry/sector i.

where, for the year t, EndE is the total end-use energy type j consumed by the four

(2) Primary energy consumption

Based on the calculation results of end-use energy consumption, the total primary energy
consumption can be summed from each industry/sector and divided by primary energy type k

as Equation (7) shows:
4 4 4

PriEy =YY ), (Conjy - Sharef,j - EndE}) )
i=1k=1j=1
where PriE,, , is the total primary energy consumption, and Conjy is the conversion factor
representing the amount of primary energy type k consumed in order to obtain one unit end-use
energy type ;.
(3) CO; emission

Direct and full-chain CO, emission can be calculated based on end-use energy consumption and
primary energy consumption of each industry/sector, multiplied by different CO, emission factors
with different energy types, respectively, as Equations (8) and (9) show:

4 4
CO2E et = Y. Y (COLEF; - Sharel ;- EndE} ) ®)
i=1j=1
4 4 4
CO2E i —chain = 3 3 | CO2EF -} | (Con;y - Share; ; - EndE;) )
i=1k=1 j=1
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where CO2E ;.. , is the total direct CO; emission, COzEFj is the direct CO, emission factor of end-use
energy type j, COLE Full—chain 18 the total full-chain CO; emission, and CO,EF, is the full-chain CO,
emission factor of primary energy type k.

3. Scenario Setting

(1) Economic development settings

Two scenarios have been designed in the study by ITUH [10], in which, the prediction of GDP
and its structure in future Hebei without the coordinated development of Beijing-Tianjin-Hebei area,
were the key contents. In our study, we will also set two scenarios similar to the ITUH study [10]
and agree with not all of its setting but its economic settings in the two scenarios as Table 1 shows.
In the conventional scenario, Hebei is assumed to follow the traditional development paradigm for
implementing appropriate industrial transformation and upgrading, without considering potential
impact to Hebei from Beijing-Tianjin-Hebei area coordinated development strategy: reduction of local
air pollutant emission and transferring of high-level industries. Industry on the whole maintains a
development trend of seeking progress in stability, while energy-intensive industries also maintain
that same trend. In this scenario, the GDP growth rate in Hebei is slightly above the national average
in the near term. As the industrial growth rate gradually slows, the GDP growth rate will be roughly
comparable with, or slightly lower, than the national average in 2020-2030 [10]. In the coordinated
scenario, Hebei vigorously compresses and reduces production capacity in the broad framework of
the Beijing-Tianjin-Hebei area coordinated development strategy. It cuts steel production capacity
by more than 60 million tons and plans to reduce general steel production capacity to less than
200 million tons by 2020. The province proactively limits secondary industry, particularly development
of energy-intensive, highly polluting industries. It assumes industrial transfer from Beijing and Tianjin,
and vigorously develops tertiary industry. In this scenario, industrial development in Hebei will be
substantially restricted. It is foreseeable that the GDP growth rate in Hebei will drop from above
the national average level to the bottom level in the near term. Then, it will gradually return to
the national average along with completion of industrial upgrading and vigorous development of
tertiary industry [10].

The GDP and other key economic-related data used in two scenarios in future Hebei are shown
in Table 2.

Table 1. Scenarios setting on GDP for Hebei development in future.

Scenario Content

GDP growth rate decreases each year, to around 4.5% in 2030.

Secondary industry still leads the economy and its growth rate will not decrease much;
the development rate of tertiary industry will match the GDP growth rate.

Conventional scenario
Development of the coal mining and washing, oil processing, coking, and nuclear fuel

processing industries are still under strict governmental control, and the output value
growth rate is likely zero. Taking into account their inherent factors, the other three
industries may have 1-3% output value growth.

GDP growth rate somewhat recovers in a few years, starts to decrease in 2017, and falls
to around 3.7% in 2030.

The secondary industry decline rate is higher than the tertiary industry decline rate.
The future tertiary industry growth rate will inevitably exceed the secondary industry
growth rate and become the major contributor to the GDP. However, the industrial

Coordinated scenario growth rate will be slightly inferior to the GDP, which is considerably different from in
the conventional scenario.

Energy-intensive industries are further restricted and reduced after 2020. Zero growth
of six such industries is gradually achieved during 2020-2030. The GDP in Hebei no
longer relies on these industries as a driver for development and the growth rate
gradually becomes zero.

Data source: [10].
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(2) Energy demand and supply related settings

The energy intensity data in future by industry/sector of each year will not be set differently
varied from scenario. As a result, end-use energy demand in future by industry/sector of each year
will be different in the two scenarios if their economic and production output of each year are different
in different scenario.

In the conventional scenario, the future energy supply strategy will follow the local development
plan before 2020, and will keep the coal supply stable from 2020 to 2030 while expand clean energy
(natural gas, renewable energy, nuclear power and transferred electricity) to fulfil the incremental
energy demand during this period.

In the coordinated scenario, the future coal supply will decrease at a quicker speed than the local
development plan before 2020 and will continually decrease by one half from 2015 to 2030. Natural gas,
nuclear power and transferred electricity in this scenario will be expanded to the bigger scale than
the level in the conventional scenario, while the renewable energy will expand to a bit smaller scale
than the level in the conventional scenario, though the percentages of renewable energy in total energy
supply of each year will be the same in the two scenarios.

Table 2. GDP and other key economic data in two scenarios in future Hebei.

Item Unit Conventional Scenario Coordinated Scenario

2015 2020 2025 2030 2015 2020 2025 2030

Trillion RMB

GDP .. 2981 4432 6010 7732 2981 4200 5404 6610
(constant price in 2015)
Share of GDP
Primary industry % 10 8 7 6 10 9 8 7
Secondary industry % 54 59 62 65 54 53 52 50
Among which, the % 9 18 15 12 19 16 13 11
energy-intensive sub-industries
Tertiary industry % 36 33 31 29 36 38 40 43
Output of Key Products/Sub-Industries
Electricity production Trillion kWh 233 284 378 473 233 254 480 571
Steel production Million ton 142 181 181 181 142 147 126 108
Cement production Million ton 124 129 129 129 124 112 110 91
Coal production Million ton 97 118 118 118 97 110 105 100
. L Trillion RMB
Qil processing industry output (constant price in 2015) 673 946 1283 1651 673 897 1154 141.1
Chemical industry output Trillion RMB 458 644 873 1123 458 610 785 960

(constant price in 2015)

Data source: [10].

4. Key Data and Assumption

4.1. Macro-Economic, Demographic and Urbanisation Rate Assumption

Economic output is referred from the ITUH study [10] on future development of Hebei province,
as Tables 1 and 2 show, in the two designed scenarios as mentioned in the Section 3. Total population
and urbanisation rate data are referred from the yearbook and future plans of Hebei [6,27] as Table 3
shows. Population in Hebei will sustainably increase and peak after 2030, since China began to relax
the family planning (one-child) policy in 2014. Meanwhile, urbanisation rate in Hebei will increase
rapidly, since China has determined to relax the conditions for transference from rural to urban
household registration, and employment opportunities in cities are much more abundant than that in
rural areas.
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Table 3. Population and urbanisation rate of China from 2010 to 2030 in Hebei.

Unit 2015 2020 2025 2030
Population million 7445 77.14 7993 82.82
Urbanisation rate % 52 55 61

Data source: [6,27].

4.2. Energy Intensity Data

10 of 26

The energy intensities of different industries/sectors in the future are calculated by authors by

referring [8,28-33] (see Table 4). The details are shown in the following paragraphs.

Table 4. Energy intensity of different industry/sector in Hebei (2015-2030).

Unit 2015 2020 2025 2030
Primary Industry

. . tce/10,000 RMB

Energy consumption per unit of GDP (constant price in 2015) 0.19 0.17 0.15 0.14
Secondary Industry
Energy consumption per unit of product: electricity gce/kWh 320 310 300 290
Energy consumption per unit of product: steel tce/ton 0.54 0.39 0.34 0.32
Energy consumption per unit of product: cement kgce/ton 92 80 74 70
Energy consumption per unit of product: coal kece/ton 85 75 6.6 6.0
mining and processing

energy consumption per unit of value-added: oil tce/10,000 RMB
processing industry (constant price in 2015) 083 078 0.78 078

Energy consumption per unit of value-added: tce/10,000 RMB
chemical industry (constant price in 2015) 1.38 118 116 116

Energy consumption per unit of value-added: tce /10,000 RMB
other industry (constant price in 2015) 147 0.99 0.78 0.63

Tertiary Industry

. . tce/10,000 RMB

Energy consumption per unit of value-added (constant price in 2015) 0.24 0.20 0.16 0.14
Residential Sector

Energy consumption per capita tce/person 0.46 0.82 1.25 1.43

Note: (1) The data in 2015 are derived from the energy consumption data in [6,8] and economic/production output
data in [6,9]; and (2) the data beyond 2015 are calculated by authors based on the trend analysis by referring

to [29-33] with details explained in main text.

(1) Primary industry

Energy consumption per unit of GDP of primary industry was 0.19 tce/10,000 RMB in Hebei
in 2015 [6,8,9]. The electricity consumption intensity of primary industry in Hebei exceeded
the national average, while the corresponding oil consumption intensity was below the national
average [28]. With the saturation of mechanisation in the primary industry, process of agricultural

modernisation will mainly depend on development of biotechnologies and information technologies
in future. Consequently, energy consumption per unit of GDP of primary industry will potentially
further decrease in the future. Energy consumption per unit of GDP of primary industry is set to
0.14 tce /10,000 RMB for 2030, which declines by nearly 26% compared with that in 2015 (0.19) and

approaches the national level in 2014 (0.13) [9].



Sustainability 2017, 9, 1184 11 of 26

(2) Secondary industry

Substantial decreases (about 10-40%) will occur in energy consumption per unit of product in the
electricity, steel, cement, and coal mining and processing industries in the period 2015-2030 [29-31].
Future downswing of energy consumption per unit of product is mainly derived from technology
progress. Current energy consumption per unit of product in the electricity industry in Hebei is 20%
higher than that in the advanced world level. Adopting advanced technology will help improve
energy efficiency in Hebei. In the steel industry, there is an enormous potential of energy consumption
reduction if the proportion of short-flow production line, which uses scrap steel as feedstock, increases
and energy-saving technologies are adopted. Hebei will spread several advanced energy-saving
technologies in the cement industry, for instance, new-dry-process, and gradually bridge the gap
between energy consumption level in Hebei and the advanced world level. As for the coal mining
and processing industry, Hebei will continuously improve the mining level, enlarge the application of
energy-saving technologies, and gradually improve the energy consumption level.

Energy consumption per unit of value-added in oil processing and chemical industry dropped
considerably, from 6.1 and 7.2 tce/10,000 RMB in 2005 to 0.83 and 1.38 tce/10,000 RMB in 2015,
respectively. Given that the decline in energy consumption intensity is not unlimited, the rate of
decline tended to slow from 2015 to 2030. Energy consumption intensity in other sub-industries will
be lower than that in chemical industry in future [10,31]. Future downswing of energy consumption
per unit of value-added in these key sub-industries is mainly derived from technology progress and
proportion increase of high-value products, for instance, a greater proportion of high value-added
petrochemicals will be produced in oil processing and chemical industry.

(3) Tertiary industry

Energy consumption intensity of tertiary industry in Hebei was 0.24 tce/10,000 RMB in
2015. Oil product consumption was 0.057 tons/10,000 RMB, natural gas consumption was
11.68 m3/10,000 RMB, and electricity consumption was 313 kWh /10,000 RMB [6,8,9]. The future
energy consumption intensity of the tertiary industry in Hebei shows a downward trend [32,33].
Based on the current level of energy consumption intensity of the tertiary industry in the country
and at the international advanced level [33], we assume that energy consumption intensity of tertiary
industry in Hebei will drop by nearly 40% in 2030 compared with 2015.

Developing tertiary industry significantly orients optimisation of industrial structure and
transformation of major engine of economic growth in Hebei. As the process of industrial upgrading
accelerates, high value-added sub-industries will develop rapidly, proportion of coal use among total
energy consumption will decrease simultaneously, and proportion of electricity and steam demand
among total end-use energy consumption will increase steadily in tertiary industry. As the added
value of transportation industry will increase rapidly, the demand of oil products and other fuels will
increase consequently.

(4) Residential sector

In 2015, Hebei has expanded to a total population of about 74.45 million and reached a 52%
urbanisation level, with a total urban population of around 38 million [9]. Residential energy
consumption per capita in Hebei was 0.46 tce, with a combination of 0.50 tce per capita for urban
resident and 0.40 for rural resident [8]. Overall, Residential energy consumption per capita in Hebei
will be 1.43 tce in 2030, growing by approximately 200% compared with the level in 2015 [10].

Increase of residential energy consumption per capita results from upturn living standards,
urbanisation rate increase and development of electrification level. Residential demand of electricity
and natural gas will increase, while demand of coal and liquefied petroleum gas will decrease. Along
with increased vehicle population and frequent commuting, oil product consumption will also increase
rapidly in future in Hebei.
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4.3. Other Key Data and Assumptions

(1) End-use energy consumption structure of secondary industry

End-use energy consumption structure of secondary industry shown in Figure 4 is adopted for
energy-intensive sectors in Hebei in 2015 [8]. In the future, this kind of structure will be optimised by
increasing the share of clean energy (electricity and natural gas).

100

I . I I M Electricity
20 — ‘ ’ m Natural gas
—_ ;
- H Oil products
s | ;
e
5 560 m Coal
[ —
wn n
78
= -
=
= 840
20
0
Whole Electricity Steel sub- Cement Coal sub- Oil sub- Chemical Other
secondary sub- industry  sub- industry industry sub- sub-
industry industry industry industry industry

Figure 4. End-use energy consumption structure of secondary industry and its sub-industries in 2015.
Data source: [8].

(2) Status and development plan of non-fossil energy in Hebei

In general, renewable energy resources are abundant in Hebei. There are ample wind
energy resources in Hebei, in which technically exploitable resource surpasses 80 million kilowatts.
Solar energy resources in Hebei rank in the forefront in China, with 90 million kilowatts available for
exploitation. Biomass resources are abundant in Hebei. Total amount for energy-oriented use is over
20 million tons, within which crop straw and forestry resources are 10.46 million tons and 5.7 million
tons, respectively. Annual surficial geothermal resource in Hebei is equivalent to 285 million tce,
with 11 million tce available for exploitation. Geothermal resource reserve in middle-deep beds is
equivalent to 23.52 billion tce, with 4.97 billion tce available for exploitation. Potential exploitation
amount of capacity of pumped storage electricity plant is over 16 million kilowatts [34,35].

Renewable energy resource in Hebei has been well developed and utilised [35,36]. The gross of
renewable energy use in Hebei increased from 4 million tce in 2010 to approximately 10 million tce in 2015,
while proportion that renewable energy consumption accounts for of primary energy consumption rose
from 2.4% to about 5% during the same period. In 2015, generated electricity from renewable energy in
Hebei was 21.3 billion kilowatts, accounting for 6.7% of total electricity consumption.

Hebei will exert efforts to raise renewable energy supply in near future according to development
plan [34]. In 2020, Utilisation amount of renewable energy will reach 23 million tce, and non-fossil
energy consumption will account for 7% of total energy consumption. Generated electricity from
renewable energy will account for over 13% of total electricity consumption in Hebei.

Hebei has also exerted efforts to put forward low-carbon transition by constructing several nuclear
plants [36]. Site selection of nuclear power plants in Kuancheng, Funing, Qianxi and Haixing has
already been accomplished. Obvious progress has been made in early stage works of Haixing nuclear



Sustainability 2017, 9, 1184 13 of 26

plants’ construction and the first unit will be put into production in December 2020, while the second
one will be commissioned 10 months later. Four other nuclear plants may also be constructed, and the
total installed capacity will be 7.5 million kilowatts.

As mentioned in the Section 3 (Energy demand and supply related settings of future development
scenario setting), in the conventional scenario, the future energy supply strategy in this study will
follow the renewable energy development plan before 2020 and expand renewable energy and nuclear
power, along with transferred electricity, to keep the coal supply stably from 2020 to 2030.

In the coordinated scenario, because the future coal supply will be decreased at a quicker speed
than the local development plan before 2020 and will continually decrease to cut one half from 2015
to 2030, nuclear power, along with transferred electricity, in this scenario will be expanded to the
bigger scale than the level in the conventional scenario, while the renewable energy will expand to
a bit smaller scale than the level in the conventional scenario, though the percentages of renewable
energy in total energy supply of each year will be same in the two scenarios.

From the methodological point of view, we will build the energy development plans summarised
here to our primary energy supply projections up to 2030 by following approach. For a specific year
during 2016 to 2030, we will analyse the primary energy supply by type one by one, based on the
result of total demand:

e  Coal supply both for direct use and power generation;

e  Oil supply;

e  Natural gas supply for direct use and power generation; and

e  Non-fossil energy demand for power generation and other energy service.

During the period from 2015 to 2020, energy supply in the conventional scenario basically
conform to the relevant development plan for 2015-2020 promulgated by Hebei government. In the
coordinated scenario, coal assumption will reduce by 20%, and energy consumption of natural gas,
nuclear power and electricity transferred from other provinces will consequently increase to ensure
total energy consumption in Hebei in the same period. Besides, we assume the proportion of renewable
energy among total energy consumption in the coordinated scenario remains the same as that in the
conventional scenario, while their actual quantity in the coordinated scenario will slightly decrease
compared to that in the conventional scenario.

During the period from 2020 to 2030, the major variable considered in energy supply is coal
assumption. In the conventional scenario, coal demand will remain the same from 2020 to 2030, while
oil product demand will increase slightly. Demand of natural gas will employ an annual 5% increase.
Electricity and steam will be guaranteed by rapid development of nuclear power and moderate
development of renewable energy. Electricity transferred from other provinces will also help meet the
redundant electricity demand. In the coordinated scenario, coal demand from 2020 to 2030 will reduce
by about 50% compared with that in 2015. Oil product demand will slightly increase. Natural gas
demand will double its original status in 2015. Electricity demand will be guaranteed by rapid
development of nuclear power and moderate development of renewable energy. Electricity transferred
from other provinces will also help meet the redundant electricity demand.

To sum up, proportions of renewable energy demand among total energy demand in both the
conventional scenario and coordinated scenario are about 5%. Nuclear power will gradually develop
and finally account for about 50% of total available exploited resources in 2030 in the conventional
scenario, while this proportion in the coordinated scenario will be about 67%.

(3) Loss rates of coal and oil during production and transmission

It is supposed that loss rates of coal and oil during production and transmission are 9% and 3%,
respectively [9]. The primary energy demand can be derived by these loss rates and the obtained
end-use energy demand by Ref. [25].
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5. Results and Discussion

5.1. Results of End-Use Energy Consumption

(1) Total end-use energy demand

Tables Al and A2 and Figure 5 indicate end-use energy consumption by industry/sector and fuel
type in the conventional and coordinated scenarios.

In the conventional scenario, the total end-use energy consumption in Hebei will increase from
228 million tce in 2015 to 272 million tce in 2030, and the growth ratio will be 19%. The ratio of energy
consumption of secondary industry will drop from 76% to around 66% in 2030. Coal will be gradually
replaced by gas and electricity. Therefore, its proportion among the total energy consumption will
decrease from approximately 65% in 2015 to 45% in 2030.

In the coordinated scenario, the total energy consumption in Hebei in 2030 can be 235 million
tce (about 37 million tce less than that in the conventional scenario). Energy structure can be
sufficiently optimised, since the proportion of secondary industry sector’s energy consumption among
the total energy consumption can drop to below 60%, and the proportion of coal among the total
energy consumption can decrease to 32% in 2030, which are much better than the results in the
conventional scenario.

Coal utilisation of end-use energy consumption in the coordinated scenario is 40% below that
in the conventional scenario, while natural gas utilisation in the coordinated scenario is 23% more
than that in the conventional scenario, resulting from gradually incremental utilisation of natural gas
substituting the direct use of coal.

Oil utilisation of end-use energy consumption in the coordinated scenario is 12% more than that
in the conventional scenario, while electricity utilisation in the coordinated scenario is 2% more than
that in the conventional scenario, resulting from growth of the tertiary industry.
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Figure 5. Cont.
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Figure 5. End-use energy demand in Hebei from 2015 to 2030 in two scenarios by industry/sector (a)
and by type (b).

(2) Primary industry

It can be estimated that future energy demand in primary industry of Hebei will remain stable,
from about 6 million tce in 2015 to 7 million tce in 2030.

(3) Secondary industry

In the conventional scenario, energy consumption of the secondary industry in Hebei will
gradually increase, from 172 million tce in 2015 to 183 million tce in 2020, and then 181 million tce
in 2030 as Figure 6 shows. Energy structure of the secondary industry in Hebei is based on coal
and electricity, at the proportions of 75% and 20%, respectively, in 2015; the proportions of oil
and gas were lower, at 2% and 3%, respectively. Owing to the increase in non-energy-intensive
industry energy consumption, particularly the substantial increase in the proportions of oil and
gas in non-energy-intensive sub-industries, the proportion of gas in the electricity sub-industry will
increase markedly; the proportions of coal, electricity, oil, and gas in 2030 will be 56%, 33%, 3%, and
8%, respectively.

In the coordinated scenario, total energy consumption of the secondary industry sector will
decrease, reaching 170 million tce in 2020 and 135 million tce in 2030. In 2030, proportions of coal,
electricity, oil, and gas will be 38%, 44%, 4%, and 14%, respectively. In the coordinated scenario, the
proportion of energy consumption will decrease by 39% for coal and increase by 24% for electricity;
the increases for oil and gas will be 2% and 12%, respectively, in 2030 compared with 2015.

Energy consumption of energy-intensive industries accounted for 80% of total energy
consumption of the secondary industry sector in 2015. In the conventional scenario, the proportion
will drop to about 60% and about 50% in 2020 and 2030, respectively; in the coordinated scenario,
to about 55% and 40% in 2020 and 2030, respectively.
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Figure 6. End-use energy demand of Hebei secondary industry in 2015, 2020, 2025 and 2030 in the
two scenarios.

(4) Tertiary industry

End-use energy demand of the tertiary industry in Hebei is estimated to grow from 21 million tce
in 2015 to around 33—41 million tce in 2030; a growth rate of around 56-106%. This study shows that
energy demand in tertiary industry will rapidly increase, and its proportion in total energy demand
will increase from 9% in 2015 to around 12-18% in 2030.

(5) Residential sector

Future energy demand of Hebei residents in Hebei is estimated to grow from 29 million tce in
2015 to 51 million tce in 2030 with a growth rate of around 75%. This study shows that future energy
consumption of Hebei residents will also increase rapidly, with increasing demand for electricity, oil
and gas, among the different types of high-quality energy.

5.2. Results of Primary Energy Demand

Table A3 and Figure 7 indicate primary energy consumption by industry and fuel type in the
conventional and coordinated scenarios. Primary energy consumption will increase from 336 million
tce in 2015 to 471 million tce in 2030 in the conventional scenario. In the coordinated scenario, primary
energy consumption will be 431 million tce in 2030. The growth ratio in both scenarios will be 40%
and 28%, respectively. Primary energy consumption of the secondary industry will still dominate as
the major contributor to the total primary energy consumption, and it will account for 86% and 84% of
the total primary energy consumption in 2030 in the conventional scenario and coordinated scenario,
respectively, while the proportion in 2015 was 87%.
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Figure 7. Primary energy demand in Hebei (2015-2030).

5.3. Results of Primary Energy Supply Structure in Future

Primary energy supply in future will be more diversified and cleaner in the defined two scenarios
as shown in Table A3 and Figure 8.

Coal consumption used to be 314 million tons (equivalent to 260 million tce) in 2015, and will
decrease to 150 million tons (equivalent to 125 million tce) in 2030 in the coordinated scenario, merely
accounting for about 30% of total energy supply.

Utilisation amount of natural gas will increase from 8.5 billion cubic meters in 2015 to 40-65 billion
cubic meters in 2030, and account for 10-20% of total energy consumption.

Utilisation amount of electricity transferred from other provinces will increase rapidly, and its
proportion among total electricity consumption will increase from 28% in 2015 to over 30% in 2030.
The quantity will increase from 90 trillion kWh in 2015 to 200-300 trillion kWh.

As for nuclear power, several nuclear plants will be put into production from 2020, and the
proportion of nuclear power among total electricity supply will be 14% and 28% in 2020 and
2030, respectively.

Energy supply from renewable energy will develop smoothly, increasing from 10 million tce in
2015 to about 20 million tce in 2030. As Table A4 indicates, in the conventional scenario, non-fossil
energy supply ratios in Hebei are 7% and 13% in 2020 and 2030, respectively. In contrast with the
conventional scenario, the non-fossil energy supply ratios in the coordinated scenario fulfil the goal set
by Chinese government and reach the average level in the country.
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Figure 8. Cont.
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Figure 8. Primary energy supply in Hebei (2015-2030) in the conventional scenario (a) and in the
coordinated scenario (b).

5.4. Results of CO, Emission

(1) Direct CO, emission

As Figure 9 indicates, in the conventional scenario, direct CO, emission will increase slightly from
444 million tons in 2015 to 456 million tons in 2020, and then peak, decreasing to 432 million tons in
2030. In the coordinated scenario, direct CO; emission will constantly decrease from 444 million tons
to 323 million tons in 2030, the rate of descent reaching 27%.

500
450
B
E 400
‘s 350
§F 300
b7 —
é § 250
5= 200
=
8= 150
g 100
=
) 50
0

2015 2020 2025 2030

m Conventional scenario  m Coordinated scenario

Figure 9. Direct CO, emission in Hebei (2015-2030).

(2) Full-chain CO, emission

In the conventional scenario, full-chain CO, emission will increase from 831 million tons in 2015
to 1027 million tons in 2030, and the growth ratio will reach 24%, while, in the coordinated scenario,
full-chain CO, emission peaked in 2025, and will constantly decrease to 916 million tons in 2030.
Detailed results are shown in Figure 10.

It should be noted that CO, emission of electricity transferred from other provinces is considered
here. The CO; emission factor of electricity adopted here is that in the north China electricity grid,
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which Hebei electricity grid is affiliated with [37]. CO, emission of electricity transferred from other
provinces account for about 10% of total full-chain CO, emission in Hebei.
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Figure 10. Full-chain CO, emission in Hebei (2015-2030).

(3) Accounted CO, emission

The accounted CO, emission in Hebei in 2015-2030 is shown in Table A4. In the conventional
scenario, CO, emission will increase from 723 million tons in 2015 to about 800 million tons in 2030,
and the growth ratio will reach 10%, while, in the coordinated scenario, CO, emission will constantly
decrease to 528 million tons in 2030.

Accounted CO; emission, which is reported to the central government of China, can be calculated
following the standard process [38] by counting up each type of end-use energy consumption
multiplied by homologous CO; emission factor. The projection of electricity CO, emission factor
is important during the accounted CO, emission calculation. Electricity CO, emission factors are
different in different regions” power grids in China. The emission factors of electricity used in Hebei in
2015, 2020 and 2030 are 0.837, 0.755 and 0.725 kg/kWh, respectively, same as North China Power Grid,
which Hebei is attached to [38].

5.5. CO;, Reduction Contribution Analysis

It should be noted that clean trend of energy structure can help reduce CO; emission resulted
from energy consumption, especially when nuclear power and electricity generated from renewable
energy are promoted. CO, emission in the coordinated scenario will keep decreasing, since nuclear
power and electricity generated from other renewable energies will bring zero CO; emission.

Supposed that CO, emission from electricity in Hebei is calculated based on its actual production
status, CO, emissions from 2015 to 2030 in Hebei are shown in Figure 11. Comparing CO, emissions
in the coordinated scenario with that in the conventional scenario, the reduction ratios will be 14%,
23% and 34% in 2020, 2025 and 2030, respectively.

GDP changes will maintain about 1/3 of contribution to CO, emission reduction in the long run.
Increasing transferred electricity’s contribution to CO, emission reduction will gradually increase, and
turn out to be about 1/4 in 2030. In the short term, non-fossil energy development will be the most
effective method to reduce CO, emission, since non-fossil energy development can sharply reduce the
demand of coal electricity, and it will account for about 40% and about 70% of CO, emission reduction
in 2020 and 2030, respectively.
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Figure 11. CO; reduction contribution of different factors (2015-2030).

5.6. Comparison of Energy Demand Results with Other Studies

As Figure 12 shows, the results of end-use energy demand for 2020 and 2030 in the two defined
scenarios of this study are larger than the results in the study of [10]. The main reason for the difference
is that a more detailed analysis of the seven sub-sectors of secondary industry has been carried out in
this study. The declining trend of energy intensity coefficient of secondary industry used in this study
is more moderate than the study of [10]: the decrease rate from 2015 to 2030 is about 50% in this study
while about 70% in the study of [10].

The end-use energy demand for 2020 and 2030 in Hebei reported in Zhang Xu [38], which studied
the whole China’s energy demand up to 2030 by considering interactions among different provinces, is
on the result-range of the two defined scenarios of both this study and the study [10]. More efforts on
controlling the energy demand in Hebei have been required to accelerate the coordinated development
for Hebei in the coordinated scenario in this study than the study of Zhang Xu [38], which has partly
considered controlling the energy demand in Hebei to help the regional synergistic development.
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Figure 12. End-use demand in Hebei research results in different studies.
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5.7. Comparison of CO, Emission and Energy Structure in Hebei and Whole China in Future

As Table A4 shows, Hebei’s CO, emission (accounted number following the inventory guideline)
has peaked in the year of 2015 and will decrease about 30% from 2015 to 2030 in the coordinated
scenario, accompanied by lower proportion of coal and higher of non-fossil energy in the energy
structure than in in conventional scenario. The proportion of coal (which is carbon intensive) in the
total primary energy consumption will fall from around 80% in 2015 to 53% in 2030 and the proportion
of non-fossil energy (which is carbon free) will finally grow to 13% in 2030 in the conventional scenario.
In the coordinated scenario, the proportion of coal in the total primary energy consumption will fall to
about 30% in 2030 and the proportion of non-fossil energy will finally grow to 20% in 2030.

As mentioned in Section 5.4, according to the calculation method proposed by provincial
accounted CO; emission reports to the central government of China, indirect CO, emissions from
transferred electricity is equal to the product of actual quantities of transferred electricity times average
emission factor of its regional power grid.

China government has pledged to peak the CO, emission around 2030 and planned to enforce
the non-fossil energy ratio of total energy consumption to reach 12% and 20% in 2020 and 2030,
respectively, while decreasing coal consumption to decrease its proportion in the total primary energy
consumption below 50% [39,40].

It is found that the effect of energy saving and GHG reduction in future in Hebei can surpass the
national average level through efforts to decrease the total energy consumption of Hebei, increase the
clean energy and greatly optimise the energy structure in the coordinated development scenario.

5.8. Possibility of Realiazation of Coordinated Scenario in Hebei

Whether the coordinated scenario in Hebei can be realised or not mainly depend on how much
effort Hebei, the whole area of Beijing-Tianjin-Hebei, and even whole China exert, since this scenario
is quite ideal. Major risks that can jeopardize the coordinated scenario’s results include: optimisation
level of the industrial structure, actual natural gas supply and infrastructure construction level that
can be ensured, development rate of local nuclear power plants, transferred electricity that can be
guaranteed and Hebei’s bearing capacity for future increase of electricity price.

Some critical factors that help evade the risks mentioned above include: coordinated development
of the whole Beijing-Tianjin-Hebei area, introduction of high-level industries and strong energy supply
and financial support from the central government of China.

5.9. Major Implication of the Findings on Hebei Case for Other Regions

The findings in this study of Hebei can be applied to understand the energy system low-carbon
transition in the regions with similar economy and energy structure in China and beyond.
A deeply collaborated development mode will bring out CO, reduction benefit with stronger energy
consumption constraints. There are three key factors to driven the low-carbon transition of the regional
energy system dominated by coal: GDP structure optimisation, the introduction of external low-carbon
energy and the improvement of local low-carbon energy development and utilisation.

In addition, we should pay more attention to the co-benefit of environmental protection with
low-carbon energy system transition: the substitution of non-fossil energy on fossil energy can reduce
SO,, NOx and dust soot emissions.

6. Concluding Remarks

This paper adopts a provincial energy demand analysis model based on energy intensity analysis,
conducts a quantitative analysis on energy consumption and discusses the low-carbon transition path
of Hebei province in China. The research method can by referred by other studies to research on
similar energy demand of a specific region without abundant sectoral data.
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It is found that future energy consumption and CO, emission in Hebei are substantially different
when following different development paths. Several achievements can be realised though efforts.
The total primary energy consumption and accounted CO; emission will be 431 million tce and
528 million ton in the coordinated scenario in 2030, 40 million tce and 272 million ton less than in the
conventional scenario. The energy structure of Hebei will be optimised, since the proportion of coal in
total primary energy consumption can fall from around 80% in 2015 to 53% and 29% in 2030 in the
two defined scenarios and the proportions of transferred electricity, natural gas, nuclear energy and
renewable energy can increase rapidly.

In the coordinated scenario, Hebei’s CO, emission has peaked in 2015 and will decrease about
30% from 2015 to 2030 accompanied by lower proportion of coal and higher of non-fossil energy in the
energy structure than in in conventional scenario.

Hebei is supposed to fulfil the objective toward sustainable development and obtain the effect of
energy saving and GHG reduction which can surpass the national average level through efforts to
decrease the total energy consumption of Hebei, increase the clean energy and greatly optimise the
energy structure in future.

There are three key factors driving the low-carbon transition of the regional energy system
dominated by coal: GDP structure optimisation, the introduction of external low-carbon energy and
the improvement of local low-carbon energy development and utilisation.

Some specific additional policy instruments are suggested to support the low-carbon
transition of energy system in Hebei under the framework of the coordinated development of
Beijing-Tianjin-Hebei area:

(1) Accelerate the backward production capacity elimination and compression of the scale of
energy-intensive industries currently by taking over high-end industry from Beijing and Tianjin,
ensuring the steady development of the economy.

(2) Transfer more electricity from outside than planned, by determining the source of
electricity supply, constructing the electricity transmission channel and developing the
low-price mechanism.

(3) Exert efforts to utilise natural gas at a bigger scale than planned by determining natural gas
supply source, building the piping with the full support of the central and local government
and implementing the low-price mechanism to promote the efficient supply of natural gas and
large-scale use for electricity generation, industry and residents.

(4) Introduce nuclear power rapidly, by constructing several nuclear power parks in the coastal and
inland area gradually and operating the nuclear power plant safely and efficiently in near future.

It is worth noting that several listed instruments cannot be implemented by only
Beijing-Tianjin-Hebei area, and require overall coordination of the central government of China.
These instruments include: assurance of natural gas supply source, support for quick nuclear power
development in Hebei and guarantee of transferred electricity source to Hebei.

In this way, revolutionary change in the energy system can support the coordinated targets of
economic growth and CO, emission control, and environmental governance by 2030, and benefit the
sustainable development of this region dominated by coal energy currently.
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Appendix A

Table A1. End-use energy consumption demand up to 2030 in conventional scenario (million tce).

2015 2020 2025 2030
Primary Industry
Sub-total 5.59 6.26 6.75 6.99
Coal 131 1.80 2.35 3.01
Oil 2.87 3.03 3.04 2.81
Gas 0.00 0.00 0.00 0.00
Electricity 1.20 1.18 1.07 0.81
Secondary Industry
Sub-total 172.25 183.24 186.68 180.53
Coal 129.46 127.11 115.65 101.51
Oil 3.52 4.34 5.14 5.36
Gas 433 7.66 11.35 13.97
Electricity 34.95 4413 54.54 59.70
Tertiary Industry
Sub-total 21.06 25.44 29.10 33.24
Coal 5.21 6.29 7.20 8.23
Oil 10.61 12.81 14.66 16.75
Gas 0.98 1.18 1.35 1.54
Electricity 3.47 4.20 4.80 5.48

Residential Sector
Sub-total 28.73 33.56 41.60 51.25

Coal 11.61 11.28 10.74 10.09
Qil 4.27 5.14 6.61 8.37
Gas 3.64 4.83 6.81 9.18

Electricity 9.22 12.30 17.44 23.61

Total

Sub-total 227.63 248.50 264.13 272.01
Coal 147.59 146.48 135.94 122.84
QOil 21.27 25.32 29.45 33.29
Gas 8.95 13.67 19.51 24.69

Electricity 48.84 61.81 77.85 89.60

Data source: calculated by the authors.

Table A2. End-use energy consumption demand up to 2030 in coordinated scenario (million tce).

2015 2020 2025 2030

Primary Industry
Sub-total 5.59 6.26 6.75 6.99
Coal 131 1.80 2.35 3.01
Oil 2.87 3.03 3.04 2.81
Gas 0.00 0.00 0.00 0.00
Electricity 1.20 1.18 1.07 0.81
Secondary Industry
Sub-total 17225 169.50 150.37 135.06
Coal 129.46 11440 8790  50.75
Oil 3.52 4.34 5.14 5.36
Gas 4.33 6.63 2.79 19.24
Electricity 3495 4413 5454  59.70
Tertiary Industry
Sub-total 21.06  28.05 3423 4142
Coal 521 6.94 8.47 10.25
Oil 10.61 14.13 1724 20.87
Gas 0.98 1.30 1.59 1.92

Electricity 3.47 4.63 5.64 6.83
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Table A2. Cont.

2015 2020 2025 2030

Residential Sector

Sub-total 28.73 33.56 41.60 51.25

Coal 11.61 11.28 10.74 10.09

Oil 4.27 5.14 6.61 8.37

Gas 3.64 4.83 6.81 9.18
Electricity 9.22 12.30 17.44 23.61

Total

Sub-total 227.63 23737 23295 234.72
Coal 14759 13442 109.46 74.10

Qil 21.27 26.64 32.03 37.41

Gas 8.95 12.76 11.19 30.34

Electricity 48.84 62.24 78.69 90.95

Data source: calculated by the authors.

Table A3. Primary energy consumption demand up to 2030 in Hebei in two scenarios.

Conventional Scenario Coordinated Scenario
2015 2020 2025 2030 2015 2020 2025 2030
Primary energy consumption million tce 336 391 439 471 336 380 407 431

Scenario Unit

By type
Coal milliontce 260 249 249 249 260 207 166 125
Oil million tce 28 40 47 50 28 40 47 50
Gas million tce 11 40 47 53 11 40 67 86
Renewable energy million tce 10 18 21 19 10 14 14 16
Nuclear energy million tce 0 9 28 40 0 34 48 67
Transferred electricity million tce 27 36 48 60 27 45 66 87
Coal % 77 64 57 53 77 55 41 29
Oil % 8 10 11 11 8 10 12 12
Gas % 3 10 11 11 3 11 16 20
Renewable energy % 3 5 5 5 3 5 5 5
Nuclear energy % 0 2 6 9 0 9 14 15
Transferred electricity % 8 9 11 13 8 12 16 20

Data source: calculated by the authors.

Table A4. Primary energy consumption and accounted CO, emission up to 2030 in Hebei in two scenarios.

Conventional Scenario Coordinated Scenario
2015 2020 2025 2030 2015 2020 2025 2030
Primary energy consumption  milliontce 336 391 439 471 336 380 407 431

Item Unit

Accounted CO, emission million ton 723 766 788 800 723 659 604 528

CO; emission intensity of

. . ton/tce 215 19 179 170 215 174 148 122
primary energy consumption

The share of coal in total

. . % 77 64 57 53 77 55 41 29
primary energy consumption
The share of non-fossil energy

in total primary energy % 3 7 11 13 3 13 15 19

consumption

Data source: calculated by the authors.
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