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Abstract: Reasonable regional integrated energy planning is an important prerequisite for the con-
struction of a Near-Zero Carbon Emission Demonstration District (NCEDD). An integrated energy
planning scheme that is based on a three-step planning method with the objective of achieving an
NCEDD is proposed in this paper. First, the planning objectives should be determined. After that,
the planning strategies should be established. Finally, the planning approaches should be proposed
according to the previously determined objectives and strategies. A case study considering the in-
tegrated energy planning of the Meishan International Near-Zero Carbon Emission Demonstration
District (MINCEDD) is investigated to explain the planning method. In addition, the planning re-
sults, which are indicated as indexes, are explained, analyzed, and compared to the ones of other
districts. The indexes include a proportion of renewable energy to primary energy (73% by 2030 and
108% by 2050), a proportion of renewable power to total power consumption (98% by 2030 and
111% by 2050), and CO: emission reduction rates (70% by 2030 and 100% by 2050) and are more
advanced than other districts in China. This planning scheme and method can provide a reference
for the integrated energy planning of NCEDDs in developed urban areas.

Keywords: integrated energy planning; near-zero carbon emission; near-zero carbon emission
demonstration district; renewable energy; urban district planning methods

1. Introduction

Strategic objectives were proposed during the 2015 United Nations Climate Confer-
ence in Paris which aimed to control the average global temperature within 2 °C of pre-
industrial levels and make substantial effort to control temperature increases within 1.5
°C to achieve a peak of global greenhouse gas emissions (GHGs) as soon as possible, and
achieve net-zero GHGs during the second half of this century [1].

Therefore, a series of policies have been proposed by countries to achieve carbon
neutrality by 2050. For example, the European Union (EU) proposed that it would be car-
bon neutral by 2050 and hence released “The European Green Deal” in 2019 during the
United Nations Climate Change Conference, which details key policies and core technol-
ogies in essential areas that are to be developed and the release of eight major goals [1,2].
The U.S. House of Representatives published “The Congressional Action Plan for a Clean
Energy Economy and a Healthy, Resilient, and Just America” to promote the U.S. to achieve
net-zero carbon emissions by 2050 [3]. Japan issued “The Green Growth Strategy”, which
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introduced the country’s goal to be carbon neutral by 2050 and proposed specific devel-
opment goals and essential development tasks for core industries [4].

In order to contribute to the net-zero GHGs, China announced that peak COz emis-
sions will be achieved by 2030 and that the nation will become as carbon neutral as possi-
ble by 2060 [5]. Additionally, tens of Chinese policies related to the reduction in carbon
emissions, renewable energy, the electricity market, energy storage, etc., have been prom-
ulgated by various management departments from 2020 to 2021. One of these policies is
called “Opinions of the Central Committee and the State Council on the complete, accurate and
comprehensive implementation of the new development concept to achieve carbon peaking and car-
bon neutral”. The importance of energy planning is stressed by this policy. It is indicated
that the carbon-neutral district is reaching the carbon emission limit rather than com-
pletely zero carbon emission. In the meantime, the requirements for both the supply and
demand sides, as well as for multiple fields, such as energy, construction, industry, and
transportation, need to be coordinated and put forward to achieve carbon neutrality [6].
Moreover, the Top Ten Actions for Carbon Peaking were announced in another Chinese
policy called the “Carbon Peaking Action Plan by 2030”, which aim to promote peak carbon
emissions by 2030 [7].

Cities and provinces in China are projected to reach peak CO2 emission between 2020
and 2030, while some relatively developed cities, such as Beijing, Zhenjiang, Shenzhen,
etc., were projected to reach peak CO2 emissions before 2020 [8].

The definition of CO2 emission is clarified by IPCC and is defined is the sum of the
GHGs that are converted into equivalent CO:z emissions by the indexes of global warming
potential (GWP), global temperature potential (GIP), radiative forcing equivalence po-
tential, etc. [9]. However, there are various definitions of CO:2 emissions when defining
emission targets related to carbon neutrality among countries [10]. In most western and
in Asian countries, such as Demark, Slovakia, Chile, Switzerland, Portugal, Canada, the
United Kingdom (UK), Singapore, Germany, Sweden, France, Finland, Japan, etc., CO:z
emissions are defined as GHGs. COz, CHs, and N20 emissions are defined as CO2 emis-
sions in Bhutan and Uruguay. However, the definition in China and in many other coun-
tries is not clear. In this paper, CO2 emissions refer to the GHGs in equivalent amounts of
CO2based on GWP, including the emissions from fossil fuel combustions caused by trans-
portation, electricity generation, manufacturing, building operations, etc.

Cai et al. [11] indicate that increases in carbon emissions are mainly driven by the
population. In addition, over 90% of the total CO:z emission in China are from urban areas
[8]. This means that reducing CO:z emissions in urban areas is significant for the total car-
bon reduction in the entire country, and conducting near-zero carbon emission programs
is one of the current strategies in China that is being implemented to reduce carbon emis-
sions in urban areas.

The Near-Zero Carbon Emission Demonstration District (NCEDD) project was first
proposed in the China’s 13th Five-Year Plan. This project is one of the 12 projects of the
13th Five-Year Plan and has caused widespread concern in the community. Moreover, the
13th Five-Year Plan proposed that GHG control measures in mature areas, which are sub-
ject to restricted and prohibited development, ecological functional areas, industrial min-
ing areas and towns, etc., should be selected to carry out the NCEDD project and that 50
demonstration projects should be built by 2020.

In order to carry out the NCEDD, researchers, such as the IPCC, have mainly dis-
cussed near-zero carbon emissions in terms of its connotations. The IPCC indicates that
carbon neutrality or net-zero CO:2 emissions are achieved when annual CO: emissions are
considered to be balanced by decarburization technologies [9]. Near-zero carbon emis-
sions are defined as being achieved when the net carbon emissions are approaching zero
in a specific area. The relationship among near-zero carbon emissions, low carbon emis-
sions, and zero carbon emissions is shown in Figure 1. Zero carbon emissions is the final
objective for low-carbon community construction, while low carbon emissions and zero
carbon emissions are necessary in the process to achieve zero carbon emissions. The net
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carbon emissions of a specific district can be decreased to zero gradually by reducing car-
bon emissions from the supply, contributing to zero carbon energy, etc. Moreover, near-
zero carbon emissions refer to contexts that are approaching zero carbon emission situa-
tions.

Near-zero

./.- -
| » Reducing total

- - re o
carbon emission [+ Net carbon emission is |

amount of carbon Zero

emission

* Reducing carbon

* Net carbon emission
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emission intensity

Low carbon
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Figure 1. The relationship among near-zero carbon emissions, low carbon emissions, and zero car-
bon emissions.

The definition of an NCEDD can be explained based on the meaning of near-zero
carbon emissions. Demonstration districts represent typical districts that are developed
and constructed in advance. The development mode can play a demonstration role, and
the experience can be replicated and promoted. Li et al. [12] define NCEDDs with near-
zero carbon emission as follows: A typical district where the objective net carbon emis-
sions approaching zero is achieved using approaches that reduce source carbon emissions,
increase carbon sequestration, or contribute zero carbon energy, etc., within the bounda-
ries of the county’s (county-level city/district) administrative divisions and where the car-
bon-emission-reducing methods are replicable and can be promoted. Furthermore, two
quantitative indexes are proposed for NCEDDs and are as follows: (1) It is possible for the
total net carbon emissions to reach levels closer to zero by offsetting source carbon emis-
sions and carbon sequestration or by offsetting source carbon emissions and by contrib-
uting zero carbon energy; (2) absolute carbon emissions reach their peak value. These
quantitative indexes are also important integrated energy planning objectives for
NCEDDs.

Liu [13] concludes four types of NCEDDs. The first type is 100% renewable energy
demonstration districts, which are applicable to less developed areas with plentiful re-
newable energy resources. The second type is carbon-neutral demonstration districts,
which are applicable for scenic areas with large amounts of forests and pastoral areas. The
third type of NCEDD is partial demonstration in the industry, for example, near-zero car-
bon emission buildings. The fourth type of NCEDD is low carbon emission upgrades,
which is further decarburized on the basis of current low carbon emission pilot projects.
The first and second types are constrained by regional and resource issues, and they are
not able to be promoted in developed urban areas. The third and fourth types only con-
sider near-zero carbon emissions in a narrow sense. It is necessary to determine how to
build NCEDDs in developed urban areas.

Reasonable district-integrated energy planning is an important part of constructing
urban NCEDDs. Recently, the commonly used methods for energy planning are demand-
side energy planning and supply-side energy planning. In Chinese urban planning sys-
tems, urban power planning, gas planning, and centralized cooling and heating planning
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mostly belong to supply-side energy planning, i.e., top-down planning. However, de-
mand-side energy planning starts from the demand side, pays attention to the effective
integration and reasonable application of various energy resources in urban areas, and is
a bottom-up process. In recent years, demand-side energy planning has been utilized
more and more often in district-integrated energy planning.

Recently, there has been increasing amounts of research into demand-side planning,
a large amount of which has been conducted by Long [14-17], Jeli¢ [18], Wang [19], and
Yu [20] et al. Most of these researches proposed reducing energy demand, utilizing re-
newable energy sources instead of fossil fuels, and capturing and storing carbon (CCS).
These are solutions also indicated by Khalilpour [21] as specific technical approaches for
the reduction in carbon emissions. However, developed urban areas lack carbon seques-
tration resources, such as forests and pastoral areas, which makes it even more difficult
for them to achieve near-zero carbon emissions. Apart from reducing energy demand and
applying renewable energy, Dobbelsteen et al. [22] proposed seeking energy synergy ra-
ther than CCS in urban energy planning. In addition, energy cascade utilization, the reuse
of waste heating, energy storage, etc., are ways in which energy synergy can be imple-
mented, which can provide heating and cooling network connections at different temper-
ature levels.

In existing research, there is generally no clear planning method for district energy
planning and few implementation conditions for energy schemes [23-27]. There have
been numerous limitations in the research that has been carried out recently. The Shen-
zhen Academy of Building Research Co., Ltd. [23] conducted a green and ecological dis-
trictin Ya’an by energy demand forecasting and energy resources analysis. The renewable
energy and heat pump systems are planned to take place after evaluation. Cheng et al.
[24] proposed four available energy station schemes with integrated energy utilization
and energy micro-grid in a northern district. Tang et al. [25] developed energy schemes
for a district in Guilin by determining planning objectives and analyzing energy demand
and energy resources. The Tianjin Architectural Design Institute et al. [26] utilized a plan-
ning method that consisted of project investigation, demand forecasting, the proposal of
energy schemes, the evaluation and comparison of energy schemes, and the determina-
tion of recommended schemes. The energy schemes for the university park in Tianjin were
proposed and determined by the HVAC, electrical, water supply, and drainage energy
consumption sectors. Although this method is relatively clear, it is only suitable for build-
ing sector districts rather than industrial and traffic sectors. Zhejiang Zheneng Energy
Service Co., Ltd. et al. [27] proposed an integrated energy planning scheme for a district
called Xiangbao in Ningbo. The distributed energy stations are planned for buildings and
industries. Additionally, special planning for solar energy, electricity, water source, and
utility tunnels is proposed based on local conditions. However, there are limitations for
the above researches in terms of the absence of clear planning methods, planning objec-
tives, and integrated and implementable energy schemes. The limitations of the above
mentioned researches are listed in Table 1.
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Table 1. The limitations of recent research into district energy planning.

Planned District Ya’an A N.o rt}.lern Guilin Tianjin Xiaongbao
District
Absence of clear planning method ° ° ° ° N/A
Absence of planning objectives . . N/A . .
Absence of demand reducing schemes . ° ° ° °
Absenc‘e of quantitat‘ive analysis, layout, and . . . N/A N/A
application scenarios of energy schemes
Absence of renewable energy utilzation schemes N/A N/A N/A ° N/A
Absence of grid or storage schemes ° N/A ° ° N/A

7N

®” means the condition that is invloved in the district planning.

In this paper, a case study of the Meishan International Near-Zero Carbon Emission
Demonstration District (MINCEDD) was investigated in order to propose an integrated
energy planning scheme for this district. Moreover, a three-step planning method for the
planning of NCEDDs was proposed and includes planning objectives, approaches, and
strategies. After that, the planning results were analyzed and compared with respect to
the indexes of renewable energy and CO: reduction.

2. Methods and Algorithms
2.1. The Three-Step Planning Method

A three-step planning method for NCEDD development is proposed that determines
the planning objectives, planning strategies, and planning approaches. Firstly, the plan-
ning objectives are determined by focusing on targets such as CO:z reduction, renewable
energy utilization, etc. After that, the planning strategies are formed as the overall princi-
ples of the planning approaches, which consist of reducing energy demand, applying re-
newable energy based on local resource conditions, and improving integrated energy ef-
ficiency through means such as thoroughly utilizing waste heat on the demand side. Fi-
nally, the planning approaches are proposed based on the objectives and on the local con-
ditions affecting access to natural resources, current and planned building construction,
traffic and industry, etc., and can be categorized into the demand-side, supply-side, grid-
side, and storage-side approaches, according to the energy application segment.

2.1.1. Determining the Planning Objectives

The objectives should be determined to satisfy the NCEDD target as well as to be
appropriate the local conditions of the district. Therefore, the research team investigated
local energy supply companies, local governments, local factories, etc. to thoroughly un-
derstand the current conditions for renewable energy utilization and potential, the elec-
tricity supply, industrial energy consumption, and waste energy potential, etc.

The research team evaluated and researched the energy utilization potential and ad-
vantage of the district by analyzing the current energy supply, energy consumption, and
renewable and waste energy potential. After that, the NCEDD objectives were determined
with respect to the indexes of renewable energy utilization and CO:z emission reduction.

2.1.2. Establishing the Planning Strategies

In order to the achieve the objectives that were previously determined, the planning
strategies were established from the aspects of reducing energy demand, improving en-
ergy efficiency, and utilizing both waste heat and renewable energy. The strategies must
not only be established according to the objectives but should also be adapted to the local
conditions of the planned district.
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2.1.3. Proposing the Planning Approaches

Planning approaches are based on “demand-supply-grid-storage”, which means re-
ducing energy demand on the demand side, utilizing renewable energy on the supply
side, and improving energy interconnection and peak load shifting on the grid and stor-
age sides so as to achieve the objectives of the MINCEDD.

2.2. The Calculation Algorithms of Planning Indexes

After applying the three-step planning method, including the objectives, strategies,
and approaches, indexes with respect to renewable energy utilization and COz emission
reduction are proposed and summarized in Table 2. The indexes were evaluated by ana-
lyzing and comparing other similar planned districts. The advancement and feasibility of
the planning scheme based on the three-step planning method can be proven after the
evaluation.

Table 2. The summary of major planning indexes.

Objectives of Planning Results Objectives of Planning Results

I

ndexes 2030 of 2030 2050 of 2050

Proportion of renewable energy to primary S70% 739 500% 108%

energy (RE/PE)
P ion of 1 to total
roportion o renewab. e power to tota 590% 98% 100% 111%

power consumption (RP/PC)
CO:2 emission reduction (ton) >750,000 780,000 >1,100,000 1,210,000
CO: emission reduction rate - 70% - 100%

2.2.1. Proportion of Renewable Energy to Primary Energy

In order to explain the definition of the RE/PE index, the algorithm of this index is
introduced followed by its explanation in this sub-section.

Algorithm: Total renewable energy consumption (tce) + Total primary energy consump-
tion (tce) x100%

Explanation: Renewable energy refers to the energy rather than fossil fuels and includes
wind energy, solar energy, water energy, biomass, geothermal energy, ocean energy, etc. Ac-
cording to the second provision of the “China National Renewable Energy Law” [28], renewable
energy power mainly consists of solar PV, wind power, biomass power, etc. Primary energy
refers to the energy resources that exist in nature without processing and conversion, also
known as natural energy, such as coal, oil, natural gas, hydropower, etc.

Total energy consumption is the total amount of annual energy consumed on the de-
mand side in the planned district. RE/PE is the amount of total annual consumed renewable
energy divided by the total annual consumed primary energy in the planned district.

2.2.2. Proportion of Renewable Power to Total Power Consumption

In order to explain the definition of the RP/PC index, the algorithm for this index is
introduced followed by its explanation in this sub-section.

Algorithm: Renewable energy power generation (kWh) + District total power con-
sumption (kWh) x100%

Explanation: Power generation refers to energy generation on the supply side. The
meaning of renewable power is the power generated from the renewable energy that is
explained in Section 2.2.1. RP/PC is the total annual renewable power generated divided
by the total annual power consumed in the planned district.

2.2.3. CO2 Emission Reduction

In order to explain the definition of the CO:2 emission reduction index, the algorithm
of this index is introduced followed by its explanation in this sub-section.
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Algorithm: (CO2 emission caused by conventional energy supply — CO:2 emission
caused by near-zero carbon emission energy supply) + CO:z emission caused by conven-
tional energy supply x100%

Explanation: Conventional energy is the primary energy that has been mass-pro-
duced and widely used, such as coal, oil, natural gas, etc. Zero-carbon emission energy is
the energy that is generated and consumed without creating carbon emissions, such as
solar energy, wind energy, ocean energy, geothermal energy, etc. The near-zero carbon
emission energy supply refers to the combination of conventional and zero-carbon emis-
sion energy supply in planned districts, which leads to the overall near-zero carbon emis-
sion effect.

The three-step planning method process is shown in Figure 2.

| The Integrated Energy Planning
T

Determinin lthe |anni The objectives determination based
ob'itive}s) g on the mvestigation and analysis of
d l the present situation
The three-step Establishing the planning The strategies pf reducing energy

planning method strategies demand, improving enetgy efficiency

l and utilizing renewable energy
Proposing the plannin The planning approaches of demand

P a gfoac]_ll)es e side, supply side, grid side and

PP storage side

Proportion of renewable

energy to primary energy

Proportion of renewable
power to total power

l

‘ CO, emussion reduction

The calculation of
planning indexes

The comparison of the indexes

Figure 2. The three-step planning method process.

3. Present Situation of the Planning District
3.1. The Planning Area and Planning Period

The MINCEDD planning area, which is located in Ningbo, Zhejiang province, is 333
km? and includes Meishan Island in the Beilun area, Chunxiao Street, and Baifeng Town.
The planning area is shown in Figure 3.

Figure 3. The MINCEDD planning area.

According to the regulatory plans, the main planning area comprises six core areas
that make up a total land area of 43.49 km? and includes Financial Town, the Menhu Area,



Energies 2022, 15, 874

8 of 29

the Industry Area, the Bonded Area, the East Area, and the Li’ao Area (as is shown in
Figure 4).

Financial Town

Menhu Area

4" g & P
RS \ =
Ly 3 4 . )
Industry Area ~——e L/ B Li‘ao Area
£ s ._‘.::.
p s

EastArea Bonded Area

Figure 4. The planning areas.

The planning period is from 2020 to 2050, with mid-term planning taking place from
2020 to 2030 and long-term planning taking place from 2030 to 2050.

3.2. Local Energy Resources

The MINCEDD belongs to the subtropical monsoon climate zone (see Figure 5) [29]
and contains abundant renewable resources and clean energy. In order to appropriately
propose energy planning schemes based on local conditions, energy resources, including
solar energy, wind energy, biomass energy, liquefied natural gas (LNG) cold energy, and
hydrogen energy, are each analyzed and evaluated in the following.

60°0'0"E 70°0'0"E 80°0'0"E 100°0'0"E 120°0'0"E 140°0'0"E
L L L L . L L L )

40°00"N

40°00"N

°00"N
0°00"N
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10°00"N
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00"
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80°0'0"E %0°00"E 100°0'0"E 110°00"E 120°00"E

Figure 5. Climate zone distribution of China.

3.2.1. Solar Resource

Solar energy is one of the most competitive sources of renewable energy due to its
abundance and clean operation. Total annual solar radiation of MINCEDD is greater than
4008 MJ/m?/a [30].
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3.2.2. Wind Resource

Wind resources are relatively rich in the MINCEDD [31]. Wind resources are simu-
lated using computational fluid dynamics (CFD) numerical software. The simulation re-
sults show that in the winter and summer, the dominant wind directions are northwest
and southeast, respectively. In addition, the dominant wind speed is about 7.48 m/s in
winter and 7.95 m/s in summer and occurs at the height of 80 m. The wind speed distri-
bution map at different heights in the planning area is shown in Figure 6.

. .
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.\ »
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Figure 6. Wind speed chart at different heights.

3.2.3. Hydrogen Energy Resource

Ningbo is a city with a large amount of industrial by-product hydrogen, which is mostly
expulsed from the Daxie Industrial Park. According to TrendBank statistics, Ningbo can sup-
ply about 72 kt/yr of by-product hydrogen, which indicates the large planning potential of by-
product hydrogen from the industry sector. Moreover, the purity of industrial by-product hy-
drogen from Donghua Energy and from Wanhua Chlor-Alkali is 99.99% based on site inves-
tigations. Existing hydrogen by-product production is detailed in Table 3.

Table 3. Industrial by-product hydrogen in Ningbo area.

Hydrogen Production
Company Name ydrog (ton/a)
Zhenhai Refinery 144,000
Sinochem 117,000
Zhenyang Chemical Industry 8100
Siming Chemical 7200
Beilun Area 9400
Daxie Petrochemical 53,000
Wanhua Chemical 70,000
Wanhua Chlor-Alkali 15,000
Donghua Energy 20,000
Total 443,700
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3.2.4. LNG Cold Energy Resource

An LNG receiving station that belongs to Zhonghai Ningbo Liquefied Natural Gas
Co., Ltd. is located at the northeast end of the planning area. The external transmission
capacity of the LNG receiving station is 7 million tons per year. Currently, only 400 ktons
of LNG per year is used for cold energy air separation operations, while most of the re-
maining cold energy is released into the sea water. Hence, there is large application po-
tential in which the remaining cold energy can be used. The LNG receiving station loca-
tion is shown in Figure 7.

*

1o

¥ % %

——

Figure 7. Geographical location of the LNG receiving station.

3.2.5. Other Resources

The biomass resources and low-grade heat sources in the planning area were inves-
tigated and evaluated. The existing biomass power plants cover all biomass resources in
the planned district and part of the biomass resources beyond the MINCEDD in Ningbo
(including domestic waste). There is additional capacity that can be used by the
MINCEDD biomass power plant in the future even though the capacity of the plant will
maintain its status due to garbage odor concerns in the selected location. In addition, a
sewage treatment plant with a daily treatment capacity of 35,000 tons will be built in the
near future. According to the progress being made in the construction of the sewage plant
and the surrounding users, it is proposed that a small-scale sewage source heat pump
system can be developed by the MINCEDD in the future. Apart from biomass and sewage
source, low-grade heat sources, groundwater sources, soil sources, and seawater sources
are not suitable for exploitation due to the environmental and policy constraints.

3.3. Current Energy Consumption

The total energy consumption in the MINCEDD was about 318 ktce in 2017 and in-
cludes 106.9 ktce of building consumption, 177.3 ktce of industry consumption, and 34.2
ktce of traffic consumption. The building, industry, and traffic sectors account for 33.5%,
55.7%, and 10.8% of the total energy consumption, respectively.

In addition, there are 235.8 ktce of primary energy that are consumed by electricity,
which is 74.1% of the total primary energy consumption. The natural gas consumption is
27.5 ktce and fossil fuel (incl. coal and oil) consumption is 55 ktce, representing 8.6% and
17.3% of total primary energy, respectively. Figure 8 illustrates the energy consumption
and percentages of different energy sectors and energy sources [32].
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Figure 8. The composition of primary energy consumption .

4. The Integrated Energy Planning Scheme
4.1. The Planning Objectives

The primary energy consumption is 318 ktce in 2017, and the energy intensity per
unit GDP is 0.15 tce/CNY. The integrated energy planning objectives for the MINCEDD
were determined by taking NCEDD as a guide, planning based on the local population
and GDP, integrating local energy resources and energy demand characteristics, and us-

ing the quantitative scenario analysis method [33]. The planning objectives are listed in
Table 4.

Table 4. The planning objectives and index compliance.

Indexes Objectives of 2030 Objectives of 2050
RE/PE 270% 290%
RP/PC 290% 100%
CO2 emission reduction (ton) >750,000 >1,100,000

4.2. The Planning Strategies
4.2.1. Reducing Energy Demand

The core of achieving the objective of near-zero carbon emissions is reducing energy
consumption on the demand side and increasing the sources of the energy supply. Energy
demands consist of building demand, industry demand, and traffic demand.

Building demand can be reduced by passive measures, which are as follows: (1) im-
proving building envelope performance to reduce winter heating and summer cooling
and (2) introducing natural ventilation to reduce the demand for cooling and heating dur-
ing the transition seasons.

Industry demand can be reduced by industrial restructuring, which is achieved by
restricting and gradually eliminating high-energy-demand industries (i.e., energy con-
sumption per unit output value higher than 0.07 kgce/CNY) and introducing high output
with low-energy-consumption industries (i.e., energy consumption per unit output value
lower than 0.015 kgce/CNY).

Traffic demand is reduced by transportation energy transformation and by changing
the travel mode, for instance, restricting cars with high emissions, encouraging public and
green travel, etc.
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4.2.2. Improving Energy Efficiency and Utilizing Waste Heat
1. Improving energy efficiency of building sector:

In buildings, energy consumption mainly takes place through lighting, sockets, air
conditioning, power system, and special equipment.

In terms of lighting, a building’s energy consumption can be reduced by using LED
lights, installing intelligent control, controlling the lighting by zones, etc.

The amount of energy consumed by a building in terms of air conditioning can be
reduced by improving the energy efficiency of a system and equipment, such as heat-
ing/cooling units, boilers, pumps, fans, air handling units, etc.

The amount of energy that a building consumes in terms of its power system consists
of the energy that is used by water pumps, elevators, etc. The energy efficiency measures
for water pumps refers to the selection of high-efficiency and variable-frequency equip-
ment. The energy efficiency measures for elevators are variable frequency, group control-
ling, etc.

Waste heat can be applied in the following ways. (1) Heat recovery on the air system
side: Using a heat exchanger to recover the heat from exhaust air or fresh air so that the
fresh air can be pre-heated or cooled and can reduce the energy for fresh air. (2) Units can
recover condensation heat: The heat that is generated from cooling condensation water in
the summer is recovered for domestic hot water heating to decrease the hot water heating
energy, which has a significant energy-saving effect for buildings with a high demand for
domestic hot water such as in-patient buildings and hotels. (3) Elevator energy feedback:
The energy that is generated during elevator operation is given back to the power grid or
to the micro power grid for reuse, which can save electricity consumption by about 30%.

2. Improving energy efficiency of industry sector:

First, the energy efficiencies of general equipment, such as boilers, motors, transform-
ers, and air compressors, should be improved.

Second, heat recovery and cascade utilization are the major approaches for reusing
industrial waste heat. This means the recovered heat is used for industrial processes or for
heating the areas in the building. Most equipment, such as prime motors, heating fur-
naces, air compressors, annealing furnaces, VOC handling units, boilers, etc., only con-
sume small amounts of heating energy. Recovering the remaining industrial heating en-
ergy for centralized heating can save primary energy, improve economic benefit, and re-
duce pollution.

4.2.3. Utilizing Renewable Energy Adapted to Local Conditions

For urban areas, utilizing renewable energy that can be adapted to local conditions
is the last guaranteed method through which near-zero carbon emissions can be achieved
and is based on decreasing energy demand, improving energy efficiency, and using waste
heat. This means providing zero-carbon emission energy supply, which is close to or is
more than fossil fuel consumption.

Renewable energy consists of solar energy, wind energy, ocean energy, geothermal
energy, etc. Distributed renewable energy is the best way to use renewable energy
sources. This can be achieved, for example, by installing a solar photovoltaic system, wind
turbines, etc., for buildings or in communities. High-percentage renewable power is con-
sumed by cascade grid connection and energy storage to maintain the stability of the
power grid.
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4.3. The Planning Approaches
4.3.1. Demand Side
1. Building Sector

The point and surface combination method is used for building sector energy de-
mand reduction. From the point of view of the retrofitting objectives, energy conservation
measures can be proposed for existing buildings, and design and construction require-
ments of energy conservation are proposed for new buildings. Therefore, all of the build-
ings will be constructed by conforming to the national ultra-low energy or near-zero en-
ergy building standards.

All existing buildings in MINCEDD will be retrofitted with energy conservation
measures by 2030. Standards of ultra-low energy building are required for new buildings
so that all new buildings conform to the current national standard “Technical standard for
nearly zero energy buildings” [34] by 2030. Buildings built during 2030-2050 conform to the
claims for the near-zero energy building standards determined by the current national
standard “Technical standard for nearly zero energy buildings” [34]. The specific building per-
formance parameters are listed in Table 5.

Table 5. Energy conservation measures for buildings.

Residential Buildings Public Buildings
Construction Year 2030 2050 2030 2050
Building Envelope Performance
Roof (W/m?-K) 0.5 0.3 0.45 0.3
External Wall (W/m2K) 0.6 0.4 0.7 0.4
External Window (W/m2-K) 1.8 1.4 1.8 1.4
Solar heat gain coefficient (Winter) 20.40 =0.40 20.40 >0.40
Solar heat gain coefficient (Summer) <0.30 <0.30 <0.15 <0.15
Equipment Energy Efficiency
Unitary air conditioner (EER) 4.0 45 4.0 45
Chiller (COP) 6.0 6.25 6.0 6.25
Multi-connected split air conditioner (IPLV(C)) 5.0 6.0 5.0 6.0
Air-cooled heat pump (heating EER) 2.0 2.3 2.0 2.3
Air-cooled heat pump (cooling EER) 3.2 3.4 32 3.4
Gas boiler (D<2.0/Q<1.4) 92% 94% 92% 94%
Gas boiler (D >2.0/Q > 1.4) 94% 96% 94% 96%
Pump ! Level 2 Level 1 Level 2 Level 1
! The pump energy efficiency is determined based on the related current national standard for

pump.

In terms of surfaces, replicable projects for future community construction in accord-
ance with “Pilot Work Plan for Future Community Construction in Zhejiang Province” are
planned. The planning schemes for low-carbon communities are listed in Table 6.

Table 6. Low-carbon communities planning scheme.

Type of Community 2020-2025 2026-2030 2031-2040 2041-2050
Quantity Building Area (m?) Quantity Building Area (m?) Building Area (m?)
Hydrogen community / / 3 400,000
Direct current
community 3 300,000 10-12  1,000,000-1,500,000 7.000,000-9,000,000 fully
All electric community 3 300,000 1012 1,000,000-1,500,000 promoted
Zero energy community 5 500,000 10-15  1,000,000-2,000,000
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After applying the above building energy conservation measures, the building en-
ergy demand forecasting results are listed in Tables 7 and 8. Scenario 1 refers to the con-
ventional scenario for 2030, i.e., energy increases under the current rate. Scenarios 2 and 3
refer to the near-zero carbon emission scenarios for 2030 and 2050, respectively.

Table 7. Annual power consumption per building area for Scenarios 1-3 (unit: kWh/m?).

Scenario Residential Building Shopping Mall + Office School
Scenario 1 30 150 70
Scenario 2 21 75 50
Scenario 3 20 74 47

Table 8. Annual power consumption for Scenarios 1-3 (unit: GWh).

. Residential Shopping Mall + Current
Scenario g ilding Office School (- dition 1Ot
Scenario 1 127 686 92 319 1224
Scenario 2 82 318 61 319 780
Scenario 3 130 522 95 319 1066

2.  Traffic Sector

Green transportation and low-carbon travelling are recommended to reduce the
amount of energy that is consumed by the traffic sector. In terms of “light-storage-charg-
ing” technology, there are seven power charging stations and five hydrogen refueling sta-
tions that are planned for green transportation. The vehicles will consume 100% of clean
energy for public utilities, such as buses, taxi, and delivery vehicles, by 2030 and for pri-
vate cars by 2050.

3. Industry Sector

The industry energy conservation and low-carbon-emission objectives can be
achieved by improving equipment efficiency and by integrating energy utilization and
industrial restructuring. The introduction of industries with energy consumption per unit
output below 0.20 tce/CNY into districts is encouraged. The evaluation and development
recommendations for industrial structures are listed in Table 9.

Table 9. The evaluation and development recommendations of industrial structure.

EC 10 EC/O Evaluated Points Evaluation
It Devel tR dati
eme (%) (%) (é(flc\?)/ EC Output EC/O Total Evaluation P D R E evelopment Recommencation
Car 2930 5240 0.020 71 52 91 214 10000 Assembly orientated
manufacturer
General 995 1040 002590 10 89 190 8845
equipment
Rubber plastic 5.30 3.30 0.040 95 3 83 181 84.24 V
Metalwork 220 210 0.030 98 2 8 187 8715 Reducing plating and casting
manufacturing
Rail
ailwaysand 40 240 0020 99 2 91 192 89.69 \
traffic
Developing prefabricated buildings
Buildings 1220 7.00 0.045 88 7 80 175 81.73 V and green and low-energy
buildings
Other

) . 13.30 13.50 0.030 87 14 87 187 87.29 v
industries
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Gas production 1890 7.20 0.070 81 7 70 158  73.63 ol Recovering cooling energy
.Textﬂe 570 150 0110 94 2 5 148 69.02 J Energy consumption control and
industry waste heat recovery

Paper making 1.80 020 0230 98 0 0 98 4589 y Restriction of high-pollution and -
demand industries
Total 100.00100.00 900 100 730 1730 807.09
Peak 29.30 52.40 0.230 99 52 91 214 100.00
Abbreviation interpretation: EC—energy consumption; IO —industrial output; EC/O—energy con-
sumption per unit output; P—prior; D—develop; R—restrict; E—eliminate.

4.3.2. Supply Side

In order to achieve the target proportion of renewable energy and renewable power,
renewable energy is the major source of energy on the supply side. The scheme for the
supply side focuses on photovoltaic and wind power generation and the full utilization
of LNG cold energy and hydrogen energy. The renewable energy capacity is planned ac-
cording to demand forecast results, consuming maximum renewable power, avoiding re-
verse power transmission, and decreasing peak-valley difference fluctuations. The layout
of the energy scheme for the supply side is shown in Figure 9.

LNG

®

L/
1¥CWE

HHCWE 1415 @ Distributed photovoltaic system
@ Distributed wind power system

® Centralized wind power system

@ LNG receiving station

® Hydrogen refueling station

Figure 9. Source-side energy plan layout.

1. Solar Energy

To maximize the photovoltaic (PV) installation, it is suggested to make full use of a
building’s roof, fagade, and structure to design building-integrated photovoltaics (BIPV).
The maximum area of factory roofs (260% of roof area) and available civil building roofs
(220% of roof area) are utilized to install solar photovoltaic systems. The capacity of in-
stalled solar photovoltaic systems will increase to 600 MW by 2030 and will increase to
642 MW by 2050. The planning scheme for photovoltaic systems for different types of
buildings is detailed in Tables 10 and 11.
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Table 10. PV layout plans for different types of buildings by 2030 (40 MW in existence).

Building Type Roof Area Roof Usage Rate PV Area PV Capacity Power Generation
(m?) (%) (m?) (MW) (GWh)
Existing industry 3,220,000 60 1,930,000 1,930,000 193
Residential 300,000 20 60,000 60,000 6
Commercial Office 910,000 20 183,000 183,000 18
Industry 4,070,000 60 2,441,000 2,441,000 244
Education 190,000 20 38,000 38,000 4
Warehouse 2,260,000 20 1,357,000 1,357,000 136
Total 10,950,000 / 6,009,000 6,009,000 601
Table 11. PV layout plans for different types of buildings by 2050 (40 MW in existence).
Building Type Roof Area Roof Usage Rate PV Area PV Capacity Power Generation
(m?) (%) (m?2) (MW) (GWh)
Existing industry 3,217,000 60 1,930,200 193.0 193
Residential 332,000 20 66,500 6.6 7
Commercial Office 1,006,000 20 201,300 20.1 20
Industry 4,475,000 60 2,684,800 268.5 268
Education 207,000 20 41,300 4.1 4
Warehouse 2,487,000 20 1,492,200 149.2 149
Total 11,724,000 -- 6,416,000 641.5 641

2. Wind Energy

Distributed onshore wind power and offshore wind power will be developed first.
Then, centralized onshore wind power will be installed during the period of 2030~2050.
The distributed wind power will be installed near factories and warehouses and will be
more than 300 m away from residential areas. Offshore wind power will be installed away
from channels and in the areas near the seacoast that are not sheltered. In addition, the
installation of onshore wind power generation facilities on the ridge, where the wind re-
sources are superior, is suggested. The wind capacities for different planning periods are
shown in Table 12.

Table 12. The wind power capacity.

Type Total Capacity of 2030 Total Capacity of 2050
(MW) (MW)
Distributed wind power 66 131
Offshore wind power 258 337
Onshore wind power 95 (current condition) 320
Total 419 788

3. Hydrogen energy

It is recommended that hydrogen energy is obtained from industrial by-products and
hydrogen electrolysis devices that are powered by surplus renewable power.

There are five hydrogen refueling stations with a capacity of 500 kg/d that are
planned according to integrated energy supply stations for the traffic sector. Two of them
will be built in the integrated stations by 2030 in order to satisfy the hydrogen demands
of buses, delivery vehicles, and transportation vehicles. The other three hydrogen refuel-
ing stations will be built by 2050 in order to satisfy the increasing demand for the use of
hydrogen in the traffic sector in the future. Furthermore, the main applications are the
construction of hydrogen refueling stations, household hydrogen fuel cells, hydrogen fuel
vehicles, and trucks. Hydrogen will be partially mixed with natural gas and will used for
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cooking and heating in buildings in the long term. The overall utilization plan for hydro-
gen energy is shown in Figure 10.
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Figure 10. The overall utilization plan for hydrogen energy.

4.  LNG cold energy

There is currently an LNG receiving station with a capacity of 7 Mton in the
MINCEDD. Cold energy can be released and utilized after the LNG is gasified.

A cold energy cascade utilization industrial area that includes air separation, CO:
liquefaction and dry ice manufacturing, medical refrigeration, and a data center is
planned near the receiving station. Simultaneously, the natural gas that is produced after
the gasification of LNG can be used for office buildings or small-scale commercial tri-gen-
eration system fuel cells in industrial parks and in surrounding areas. The layout pro-
posed in the diagram of the industrial park is in Figure 11, and the LNG cold energy cas-
cade utilization process is shown in Figure 12.

Figure 11. Schematic diagram of LNG cold energy industry layout.
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Figure 12. LNG cold energy cascade utilization flow chart.

4.3.3. Grid Side

The port, industry, city, transportation, urban energy grid, green transport charging
grid, and port microgrid will be planned, all of which compose the green energy grid that
is required for energy dispatch.

1. Urban Energy Grid

In the MINCEDD, renewable energy mainly includes wind energy and solar energy.
The scheme through which renewable energy will be connected to the grid is illustrated
in Figure 13.

220 kV substation

i

110 kV

Large-scale wind
power

110 kV substation

1

10kV

Small-scale wind
power 1

Distributed solar Small-scale wind
photovoltaic system 1 power 2

Distributed solar
photovoltaic system 2

10 kV switch station

HiH
i

10kV

10 kV substation

.4 kV

User loads

Hirid
[l

Figure 13. The scheme through which renewable energy will be connected to the grid.

The voltage that is necessary for solar PV to connect is 0.4 kV. The voltage of the rest
power is increased to 10 kV in order to continue consumption when the consuming ability
under 0.4 kV is insufficient. Small and large amounts of wind power are preferentially
connected to the 10 kV and 110 kV substations, respectively. This means that small and
large amounts of wind power can be connected to the secondary side of the 220 kV sub-
station, the secondary side of the 110 kV substation, and the 10 kV switching station,
which is based on a different scale. PV facilities are widely distributed in the planning
area and are suitable for connecting to the 0.4 kV voltage class, which is mainly intended
for self-use.
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2. Green Transport Charging Grid

The charging infrastructures for electric vehicles (EV) and hydrogen energy vehicles
are EV charging stations and hydrogen refueling stations, respectively, whose layouts
constitute the green transport charging grid in Figure 14.

~ - e
&
47
7Y /'® <

- i !

- l
s 1 /

A3~ -
PARANY B~ < /
A N ’ P

1 :;;f_—-—;;.i i~
! N o, §
} = @ Hydrogen refueling station

iy \ E) EV charging station

Figure 14. The layout of charging infrastructures.

According to the principle of optimal land utilization and the use characteristics of
EVs, it is suggested that charging stations should be built together with existing public
service facilities. PV devices can be installed on the ceiling of the charging station to in-
crease the renewable energy use.

A hydrogen refueling station will be built in the Li’ao area, which is located on the
main roads and is in a location that is convenient for hydrogen vehicle users. Additionally,
a hydrogen refueling station will be built in the port area during long-term planning.

3. Port Microgrid

The concept of an onshore power supply is regarded as an effective solution to make
ports free of greenhouse gas emissions, air pollutants, vibrations, and noise pollution.

The Meishan port is located in the southeast of the zero carbon emission demonstra-
tion area. The port has 10 berths. Shore power facilities will be built successively for each
berth and will be able to output 50 Hz and 60 Hz alternating currents (AC) with a voltage
class of 6.6 kV.

An AC/DC hybrid microgrid will be built in the port area for shore-to-ship power,
which can improve the utilization of renewable energy distributed in the port area. The
microgrid is shown in Figure 15.

20kV AC
from grid

Wind power
generation

Converter
DC/DC

Shore power

10kV AC

Converter
DC/DC

400 V DC Bus Frequency
converter
6.6 kV
50 Hz/60 Hz

Rectifier
AC/DC

Inverter

DC/AC Converter

HYdrogen
energy

Figure 15. The hybrid micro-grid in the port.

In addition, hydrogen energy applications will be explored in transport ships and in
logistics vehicles.
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4.3.4. Storage Side

According to different types of energy and demands in near-zero carbon emission
demonstration districts, multiple energy storage facilities are planned, which will consist
of electrical energy storage (EES), thermal energy storage (TES), hydrogen storage, and
compressed air energy storage (CAES) facilities. EES and TES can handle energy balances
from the supply and demand sides in time series. Hydrogen storage and CAES facilities
are oriented to the actual needs of industrial production.

1. Electrical Energy Storage

EES can transform electrical energy from power grids into a storable form and can
ensure that it can be converted back into electrical energy if needed.

In the MINCEDD, there is no suitable terrain to construct pumped hydro storage
facilities. Therefore, battery energy storage is widely utilized in this plan. There are three
major ways to apply battery energy storage, which are as follows:

o PV with small-scale battery energy storage

In order to maximize solar energy use and reduce the peak—valley difference, resi-
dential, commercial, and industrial users should be encouraged to install PV with small-
scale battery energy storage for self-use with the 0.4 kV access voltage class. A battery
storage device operating from 0.1 kWh to 0.2 kWh can be allocated for each kilowatt PV
device. Users will be able to obtain a one-time subsidy for battery energy storage devices.

o  Medium-scale power storage facilities on the user side

Users with a large peak—valley difference, such as those in offices and commercial
buildings, should be encouraged to install medium-scale power storage facilities on the
user side, and these users will receive one-time subsidy for the installation of these power
storage facilities and discounted electricity prices.

o Large-scale centralized power storage facilities

Around the substation, centralized power storage facilities will be built to reduce
load fluctuation and to improve the stability of the power distribution grid.

2. Thermal Energy Storage

TES refers to the temporary storage of thermal energy and is able to increase the uti-
lization of thermal energy equipment. For the cold energy demand in industrial areas,
cold energy storage facilities will be built to store cold energy during the valley-load pe-
riod and will release it during the peak—load period, which can restrain the fluctuation
that take place during load cooling and will allow industrial and residential demand to
be met.

3. Hydrogen Storage

Hydrogen can be stored directly for use in fuel cells or can be transported to users.
In the planned district, hydrogen storage facilities will be built for fuel cell vehicles and
residential functions.

4. Compressed Air Energy Storage

In CAES systems, a compressor driven by off-peak or low-cost electricity is used to
store energy by compressing air into an air reservoir. Since the self-discharge that is gen-
erated by CAES is very low, it can act as a long-term storage device. In addition, the in-
vestment cost for CAES is obviously low. In the industrial area, CAES facilities will be
planned and constructed for the automobile production industry.

5. The Layout of Energy Storage Facilities

Based on land-use load types, the layout of energy storage facilities is planned as
depicted in Figure 16.

According to the load forecast and the capacity of renewable energy sources that will
be installed for the planning year (2030), the total capacity of the energy storage facilities
will need to be about 300 MWh (electricity) in order to maximize the renewable energy
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power generation consumption, avoid the generation of renewable energy power gener-
ation, and reduce the fluctuations in the peak—valley differences. The capacities of the dif-
ferent storage types are listed in Table 13.
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Figure 16. The layout of energy storage facilities.

Table 13. The capacities of different storage types.

Storage Types Capacity
PV + Small-scale 60 MWh
Battery Energy Storage
Medium-scale Power Storage 80 MWh
Large-scale Centralized 20 MWh
Power Storage
Heat Storage 30 MWh (heating)
Cold Storage 60 MWh (cooling)
Hydrogen Storage 2500 kg
CAES 30 MWh

4.4. The Planning Safequard Measures

The MINCEDD planning scheme was proposed for the planning period from 2020 to
2050. The planning safeguard measures are under development by local governemnts and
organizations currently. However, in order to achieve the planned scheme, safeguard
measures in terms of technical measures and policies and subsidies are proposed in this
article. Additionally, it is suggested that the local governemnts and organizations should
make safeguard measures based on these measures.

4.4.1. Technical Measures

An integrated energy management platform is planned to be constructed to provide
technical support for the realization of the planning scheme. As a district integrated en-
ergy service provider, it is considered to build a comprehensive energy monitoring and
management platform based on 5G mobile internet. This platform is used as the hardware
foundation, which can be combined with big data analysis to promote the implementation
of energy conservation management and user behavior for energy conservation in the
MINCEDD.

The platform is connected to the users to collect energy demand data and to the dis-
trict energy supply system to collect the energy supply data from renewable energy sys-
tems, gas distributed energy supply systems, waste heat utilization systems, and energy
storage systems. Hence, the comprehensive management and dispatch of energy demand
and supply can be achieved through the platform. There are four modules for the opera-
tion of the platform, which are listed in Table 14.
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Table 14. The integrated energy management platform modules.

Module Name Functions

Energy consumption analysis, energy efficiency evaluation, user power man-
agement
Energy index analysis, energy supply quality analysis, energy supply optimi-
zation analysis

User energy management module

Energy supply management mod-
ule

Energy transaction management . .
Energy trading management, invoice management, expense management

module
Special value—aicli:d service mod- User energy saving consultation and benefit analysis, big data analysis
4.4.2. Policies and Subsidies
The energy planning indexes that consist of renewable and clean energy capacity,
energy conservation parameters for building, industrial and traffic sectors, grid capacity,
and storage capacity can be included into land grant clauses during land bidding. After
that, the indexes are committed to be implemented by developers or constructors during
the construction period, whereby the planning indexes can be achieved.
Apart from the land grant clauses, policies and subsidies are formulated to ensure
that the planning approaches are carried out (see Table 15).
Table 15. The policies and subsidies for the planning scheme implementation.
Planning
Approach Policies and Subsidies Related Department
Category
Solar PV Subsidies for distributed PV The management committee of the MINCEDD
The management committee, the development and
Wind power Subsidies for distributed wind power reform committee, and the land and resources bu-
reau of the MINCEDD
LNG energy Subsidies and measures for the introduc- The development and reform committee of the
tion of LNG energy utilization industries MINCEDD
Hydrogen en-  Subsidies for hydrogen production from re- The development and reform committee of the
ergy newable energy MINCEDD
Building en-

ergy conserva-
tion

Low carbon
communities

Industry en-
ergy conserva-
tion

Green traffic

Power distri-
bution grid

Smart green
port

Subsidies for ultra-low energy buildings

Subsidies for the equipment of direct cur-
rent low carbon communities, and hydro-
gen fuel cells

Measures for the introduction of high-tech
or low-carbon green industries

Subsidies for electric vehicle charging facil-
ities; preferential electricity price for public
charging facilities
Measures for renewable power accessing to
power distribution grid

Subsidies or preferential electricity price for
the electricity of the ports

The management committee of the MINCEDD

The management committee, the development and
reform committee, and the power grid companies
of the MINCEDD

The management committee, and the economic and
information committee of the MINCEDD

The management committee, and power grid com-
panies of the MINCEDD

The development and reform committee, and the
power grid companies of the MINCEDD
The management committee, the development and
reform committee, and the port office of the
MINCEDD
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5. Planning Evaluation
5.1. Indexes Analysis
5.1.1. Proportion of Renewable Energy to Primary Energy

The authors of [32] propose that the proportion of non-fossil-fuel-based energy con-
sumption increase to 20% by 2020. The current shares of renewable energy sources are
39.3 MW for solar PV, 94.5 MW for onshore wind power, and 32MW for biomass. During
the planning period, the capacities of solar PV and wind power will be increased to 642
MW and 788 MW by 2050. However, the biomass capacity will be kept the same due to
the selected location and garbage odor concerns in that area. The total amount of renew-
able energy that will be used by 2030 is 460 ktce and 890 ktce by 2050. The authors of [32]
estimate that the primary energy consumption will be 625 ktce by 2030 and 650 ktce by
2050. Therefore, the proportions of renewable energy to total primary energy will be 73%
by 2030 and 108% by 2050, which are slightly higher than the planning objectives. Table
16 displays the current and planned renewable energy conditions.

Table 16. Current and planned renewable energy conditions.

Current Condition by 2030 by 2050
Projects Installed Annual Energy Installed Annual Energy Installed Annual Energy
Capacity (MW) Saving (ktce) Capacity (MW) Saving (ktce) Capacity (MW) Saving (ktce)

Solar PV 39.3 10 601 146 642 156

_ Distributed 0 0 66 32 131 63
Wind

Offshore 0 0 258 171 337 222
power

Onshore 94.5 62 94.5 62 319.5 211

Biomass 32 48 32 48 32 48

Total 165.8 120 1052 459 1462 700

5.1.2. Proportion of Renewable Power to Total Power Consumption

Renewable power can be calculated by multiplying the installed capacity by the
amount of power generated per unit capacity that is estimated according to past applica-
tions. In 2017, the total amounts of renewable power being consumed were 39.3 MW for
solar PV, 94.5 MW for wind power, and 32 MW for biomass. The total amount of existing
and planned renewable energy used by 2050 is 600 MW for solar PV, 419 MW for wind
power, and 32 MW for biomass, with 1883 GWh of electricity being generated by 2030.
The installed capacity of solar PV, wind power, and biomass is expected to be 642 MW,
788 MW, and 32 MW, respectively, by 2050. This can generate 2873 GWh of electricity by
2050. Furthermore, the MINCEDD is expected to consume 1928 GWh and 2581 GWh of
power by 2030 and 2050, respectively. Hence, the RP/PC of the MINCEDD is expected to
be 98% by 2030 and 111% by 2050. This means that the renewable power generated by
2030 can cover almost all of the electricity consumption in the district. Moreover, as the
installed capacity of the renewable power is expected to increase and the electricity con-
sumption is expected to decrease by 2050, the amount of renewable power that is gener-
ated will be greater than the electricity consumed. Therefore, the index of RP/RC is over
100%. The surplus of renewable power can be supplied to the national power grid for
users outside the MINCEDD. Renewable energy generation is listed in Table 17.
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Table 17. Current and planned renewable energy generation.

Current Condition by 2030 by 2050
. Installed Annual Installed Annual Installed Annual
Projects . . .
Capacity Amount Capacity Amount Capacity Amount
(MW) (GWh) (MW) (GWh) (MW) (GWh)
Solar PV 39.3 39 601 600 642 640
. Distributed 0 0 66 130 131 260
Wind
power Offshore 0 0 258 700 337 910
Onshore 94.5 255 94.5 255 319.5 865
Biomass 32 198 32 198 32 198
Total 165.8 492 1,052 1883 1462 2873
5.1.3. COz Emission Reduction

The 13th Five-Year National Energy Plan and the 13 Five-Year Plan for Low Carbon
Development in the Zhejiang province indicated that COz emissions will be reduced by
18% by 2020 compared to 2015 [35]. The reductions in CO: emissions can be divided into
supply side reductions and demand side reductions. Supply side reductions are caused
by the application of renewable energy, hydrogen energy, LNG cascade utilization, and
geothermal energy, and demand side reductions are caused by industrial waste energy
and distributed energy station applications.

Compared to the current conditions, CO2 emissions on the supply side are expected
to be reduced by 0.46 Mton and 0.77 Mton by 2030 and 2050, respectively. Additionally,
on the demand side, reductions of 0.32 Mton by 2030 and 0.44 Mton by 2050 are expected.
The authors of [32] estimated that CO2 emissions from the MINCEDD will be 1.08 Mton
by 2030 and 1.20 Mton by 2050, both of which are under the benchmark scenario in which
the district is developed without CO2 reduction measures. The total CO: reduction rate is
expected to approach 70% and 100%, respectively, by 2030 and 2050. This indicates that
the COz emissions in the MINCEDD are expected to be nearly zero by 2050, leading to the
MINCEDD being in a near-zero carbon district. The CO2 reductions for the supply side
and demand side are listed in Table 18.

Table 18. The CO: emission reductions of the source and demand side.
Current Condition by 2030 by 2050
Annual
Projects Install.ed CO: Installed Capacity Annual CO: Install.e d Annual C O:
Capacity Reduction (MW) Reduction (ton) Capacity Reduction
(MW) (MW) (ton)
(ton)

Solar PV 39.3 11,000 601 177,000 642 188,000
Wind Distributed / / 66 38,000 131 77,000
power Offshore / / 258 206,000 337 268,000

Onshore 94.5 75,000 94.5 75,000 319.5 255,000

Biomass 32 58,000 32 58,000 32 58,000

12.6 MW fuel cell
30MW fuel cell+5
Hydrogen energy / / +2 hyclirogen 12,000 hydrogen stations 27,000
stations
e 800,000 ton 800,000 ton
LNG cascade utilization / / LNG/yr 41,000 LNG/yr 40,000
Geothermal energy / / 42.75 600 78.84 1100
Distributed energy s fuel cell: 4.5 MW; . _
stations sourced by / / * centrifugal cool- 300 fuel cell: 4.5 300

natural gas

ing: 16,000 RT;

MW;
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Total source side
reduction

* absorption cool- * centrifugal cool-
ing: 1000 RT; ing: 16,000 RT;
*boilers: 46 t/h * absorption cool-

ing: 1000 RT;
eboilers: 46 t/h

/ 145,000 / 608,000 / 915,000

The measures of building energy conservations, industrial waste heat utilization, etc. are

Demand side reduction implemented on the demand side. The demand side CO: reduction is estimated as 320,000 ton

Total reduction

by 2030 and 440,000 ton by 2050.
/ 145,000 / 928,000 / 1,355,000

5.2. Indexes Comparison

The MINCEDD indexes are compared to the similar indexes of the international pro-
ject and other districts outside of Zhejiang. The results show that the MINCEDD indexes
are all more advanced than other indexes.

5.2.1. Indexes Comparison with the International Project

The “Ningbo Meishan Near-Zero Carbon Emission Demonstration Zone Construction Plan-
ning and International Cooperation Research Project Technical Report” [32] is a preliminary
international project that details the energy planning scheme for the MINCEDD. The
MINCEDD energy plan that is introduced in this paper is developed based on the four
aspects of the demand side, supply side, grid side, and storage side. The results show that
the RE/PE is expected to reach 73% and that the RP/PC is expected to reach 98% by 2030.
The MINCEDD indexes are more advanced than those determined in the international
project (see Table 19).

Table 19. Comparison of the MINCEDD indexes and the international project.

Index MINCEDD The International Project

2030 2050 2030 2050
RE/PE 73% 108% 71.4% 93.8%
RP/PC 98% 111% 90% 100%

5.2.2. Indexes Comparison with Demonstration Districts outside Zhejiang

The MINCEDD was one of the five demonstration project plans for China State Grid
in 2019, and the remaining four demonstration projects are the Beidaihe Integrated Energy
Demonstration District (IEDD), the Zhengding IEDD, the Lankao IEDD, and the Guzhen-
kou IEDD [36].

The RE/PE for the Beiudaihe IEDD was 20% for 2020 and is 20% for the Zhending
IEDD by 2030. In addition, the CO:z emission reduction rate is expected to reach 15% by
2030. The RE/PE and the RP/PC for the Lankao IEDD were greater than 60% and 90%,
respectively, in 2021. There is no specific energy-related index that has been identified for
the Guzhenkou IEDD because the energy plan is focused on an intelligent power grid.

Compared to the indexes above, the indexes of RE/PE and RP/PC of the MINCEDD
are higher than that of both the Beidaihe IEDD and Zhending IEDD. The RP/PC of the
MINCEDD is expected to be at relatively the same level as that of the Lankao IEDD by
2030. In summary, the indexes of the MINCEDD are relatively more advanced than those
of other demonstration districts outside of Zhejiang. The detailed indexes are listed in
Table 20.
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Table 20. The comparison of the MINCEDD indexes and those of other districts outside of Zhejiang.

District MINCEDD Beidaihe IEDD [37] Zhengding IEDD [38] Lankao IEDD [39]
Year 2030 2050 2020 2020 2030 2021
RE/PE 73%  108% >20% 3% 20% 260%
RP/PC 98% 111% / / / 290%
CO2 emission reduction rate  70%  100% / 10% 15% /

6. Conclusions and Recommendations

Energy consumption in developed urban areas is relatively high. Moreover, the re-
newable energy and carbon sequestration resources in these areas are limited. Integrated
energy planning methods and schemes for NCEDDs in urban areas have been proposed
in this paper to provide a reference for urban energy planning with near-zero carbon emis-
sion objectives.

A three-step planning method was proposed for the integrated energy planning of
NCEDDs in urban areas that allows objectives to be determined, planning strategies to be
established, and planning approaches to be proposed. Planning strategies include reduc-
ing energy demand; improving the energy efficiency of building, industry, and traffic sec-
tors; and utilizing renewable energy sources that have been adapted to local conditions.
Approaches are proposed according to these strategies, which encompass reducing en-
ergy demand and increasing renewable energy applications on the demand side and sup-
ply side, respectively, as well as improving energy interconnection and peak-valley dif-
ferences in power levels.

The integrated energy planning for the MINCEDD was investigated as a case study
to explain the planning method and scheme. The CO: emission reduction objectives in the
MINCEDD are 0.75 Mton and 1.1 Mton by 2030 and 2050, respectively. The planned re-
sults show that annual CO:z emissions will be reduced by 0.78 Mton by 2030 and 1.21 Mton
by 2050 through the implementation of approaches that are related to the supply, demand,
grid, and storage points of view. Furthermore, the CO2 emission rates are expected to ap-
proach 70% and 100% by 2030 and 2050, respectively. Compared to the other districts with
an integrated energy planning scheme, the renewable energy utilization and CO:z emission
reduction performances are relatively advanced in the MINCEDD.

In addition to the approaches proposed in this case study, other innovative measures
can be implemented according to local conditions of the planned district. For example,
energy buses (Ebus) (i.e., fifth-generation district energy network) are recommended for
future integrated energy planning in urban areas, which provides opportunities for shar-
ing heating and cooling energy under ultra-low temperature conditions compared to
those of fourth-generation energy systems. Moreover, these measures can improve system
efficiency by capturing low-grade heat sources and waste heat, which is an advanced heat
recovery and energy synergy method that can be implemented in various building types
[40].

Moreover, this method is only being used a few cases at present, and its feasibility
needs to be verified and improved through continuous use. Therefore, this method should
be used reasonably according to the characteristics of the project and should not be copied
completely when planning demonstration districts. Although this method can ensure the
rationality of the energy plan to a certain extent, it cannot guarantee the implementation
of these plans. Therefore, when planning a demonstration district, it is necessary to clarify
the implementation factors of the planned energy schemes, including the scenarios, loca-
tion, stages, capacities, energy efficiencies, etc., of the applications of energy systems. In
addition, it is necessary to implement safeguard measures to ensure the implementation
of the plan. The safeguard measures can be policy requirements; financial subsidy sup-
port, the establishment of management platforms, publicity and guidance; the develop-
ment of integrated energy service operation models; innovative energy business models;
etc. Apart from the technical measures, the three-step planning method and the integrated
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energy planning scheme should be carried out with policies and incentives issued by the
government and organizations to ensure its implementation. Future research into the im-
plementation of this three-step planning method for other NCEDD should be conducted
to demonstrate the rationality, feasibility, and limitations of this conducted research. It is
suggested that this NCEDD planning case study be used as a reference in future projects.
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Nomenclature
NCEDD near-zero carbon emission demonstration district
GHGs greenhouse gas emissions
CCS carbon capture and storage
LNG liquefied natural gas
CFD computational fluid dynamics
GDhp gross domestic product
LED light emitting diode
vVOC volatile organic compounds
EER energy efficiency ratio
cor coefficient of performance
IPLV(C) integrated part load value (cooling)
D nominal evaporation of boiler, t/h
Q nominal heating output of boiler, MW
pPv photovoltaics
BIPV building integrated photovoltaics
EV electric vehicle
AC alternating current
EES electrical energy storage
TES thermal energy storage
CAES compressed air energy storage
Tce ton of standard coal equivalent
kgce kilogram of standard coal equivalent
CNY Chinese Yuan
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