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Abstract. The integrated energy system is the main physical carrier of the energy Internet. Planning is the

leading link of its application, which directly affects the necessity and economy of the construction of the

project. Firstly, the basic process of integrated energy planning is summarized. Then, three application
challenges faced by urban integrated energy system planning are summarized from the perspective of

engineering application: integrated energy system refinement modelling, multi-energy load integrated

prediction, and expansion of planning boundaries. The corresponding strategies are given for the above

challenges, and the development of integrated energy system planning and application is prospected, which

provides reference for the staff engaged in urban integrated energy system planning and related investors.

1 Introduction

As China is now in the critical period of promoting new-
type urbanization, its energy resources and ecological
environment are faced with unprecedented pressure.
Besides, the energy using mode featuring high input,
consumption and emission is in urgent need of an
upgrading into an intensive, low-carbon and clean mode
[1]. As an effective method of promoting energy
transformation and upgrading, the “internet plus”
intelligent energy (Energy Internet) aims to promote
energy system delayering through internet technology,
reform energy production and consumption mode,
improve energy using efficiency and realize energy
conservation and emission reduction, [2-6]. But in terms
of the application status, the Energy Internet still has
long way to go to achieve scale-based promotion and
commercialized application. Main problems include
difficult transboundary coordination, unclear profiting
mode, lack of key technologies, etc.

The integrated energy system is the main physical
carrier of the energy Internet. Planning is the leading link
of its application, which directly affects the necessity
and economy of the construction of the project. As the
integrated energy system includes different energy forms
like electricity, cool air, heat, gas and so on, the optimal
economic benefits can be obtained at the lowest cost of
restoration and construction through conducting
objective and integral evaluation for user diversity based
on reasonable planning, carrying out sufficient
investigation for users’ present energy and resource
endowment, natural environment conditions, existing
infrastructure and the market environment, and
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proposing the best plan on the basis of users’ actual
situation.

Existing studies are mostly theoretical analysis while
further sorting out is needed for the practical challenges
and application effect of integrated energy system
planning. In terms of research overview, literature [7]
summarizes the key technical problems including multi-
energy coupling theory, load forecasting method,
optimization modelling and solution in regional
integrated energy system planning. Besides, the
problems and technical difficulties are analyzed from the
perspective of theoretical research. As for the planning
methods, literature [8] faces new-type production zones
and establishes mixed-integer linear programming
models with minimum annual cost as the objective
function. But linear modelling is mainly based on
equipment unit without considering network constraint
model. Though the solution difficulty is reduced, it lacks
instructive effect on practical projects.

Three application challenges faced by urban
integrated energy system planning are summarized from
the perspective of engineering application: integrated
energy system refinement modelling, multi-energy load
integrated prediction, and expansion of planning
boundaries. The corresponding strategies are given for
the above challenges, and the development of integrated
energy system planning and application is prospected,
which provides reference for the staff engaged in urban
integrated energy system planning and related investors.

2 Planning process

2.1 Urban integrated energy system architecture

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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Fig. 1. Urban integrated energy system (IES) architecture.

As is shown in Figure 1, the urban integrated energy
system mainly consists of supply network (electricity
supply, gas supply (natural gas), heat/cool air supply,
hydrogen energy system, etc.), the energy conversion
link (joint supply of cool air, heat and electricity, electric
boiler, heat pump, absorption refrigeration, etc.), the
energy storage link (electricity storage, heat storage, cool
energy storage, etc.) and terminal energy using unit.
With a comprehensive use of advanced information and
physics integration technology and management mode in
the urban area, it integrates multiple clean energies
including solar energy, wind energy, geothermal energy,
biomass energy, etc., and realizes integrative planning,
operation optimization and flexible transaction among
different energy subsystems, which not only satisfies
users’ diverse demands but also improves the
comprehensive efficiency of energy using.

2.2 Basic process of IES planning

The basic objective of integrated energy system planning
is to seek the lowest cost combination of energies and
resources including electricity, cool air, heat and gas
while guaranteeing safety, reliability and high efficiency,
thereby meeting users’ energy-using demand and
satisfying the energy conservation requirements in
specific areas in the regulated period (generally 5 to 20
years). As is shown in Figure 2, the basic planning
process includes the following steps:
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Determine
forecasting
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I

)
Energy Energy Energy
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Fig. 2. Basic process of IES planning.

(1) Users’ comprehensive energy demands: planners
should investigate and study the basic conditions of
users’ energy facilities. Users with strong comprehensive

good for exploiting the coordinative and complementary
potentials among electricity, cool air, heat and gas.
Based on what is talked above, specific objectives for
planning are made, mainly including safety and
reliability level and economic and environmental benefit
prediction. In addition, the results of step 3 and step 5
should be taken into consideration.

(2) Reasonable and integrated energy system
planning scheme: after making clear users’ basic energy
demands, energy supply mode should be further
determined, namely, the layout, scale and quantity of
power source, gas source, cool air source and heat source.
Then, decide function divisions and calculate the supply
scope of each energy; in the aspect of transmission and
distribution, the level, arrangement and parameter of the
power grid, gas grid, heat grid and ancillary facilities
should all be taken into consideration and the selection,
capacity and parameter of comprehensive energy
network coupling conversion device (joint supply of cool
air, heat and electricity) ought to be made clear; take into
consideration the supply cost and energy using price and
use it as the basic elements of planning scheme economy
calculation.

(3) Uncertainty analysis: planners should analyze the
potential uncertain factors having influence on the
feasibility of planning schemes. For example, the change
of terminal energy using price may lead to expected gap
of the planning’s economic interests; the management
power of electricity grid, gas grid and heat grid which is
separate may increase the difficulty of management. The
results of uncertainty analysis are an important reference
for users to assess and recognize the planning scheme. It
influences the demand analysis in Step (1).

(4) The results of uncertainty analysis are an
important reference for users to assess and recognize the
planning scheme. It influences the demand analysis in
Step 1. Integrate relevant resources in accordance with
the planning scheme: elements such as society and
environment must be taken into consideration in
comprehensive energy planning; the schemes, after
being approved and publicized by the competent
departments, are used as the basis of labor force, finance
and material integration and project construction.

(5) Project construction, operation and evaluation
feedback: though planning is conducted in early phase,
its influence goes through the whole process of project
construction, operation and evaluation. The evaluation of
operation situation indirectly reflects the planning effect
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and project rationality and influences users’ investment
decision.

3 Application challenges for planning

As is shown in Figure 3, the challenges that urban
integrated energy system planning is faced with mainly
include three aspects: (1) the planning model is coarse-
grained while lacking delicacy. As the integrated energy
system covers different energy forms including
electricity, cool air, heat and gas, current research only
conducts simplification at the system modelling level in
order to reduce the difficulty of planning solution.
Besides, as the uncertainty analysis which influences
model accuracy is absent, its credibility isn’'t strong
enough. (2) No integration is conducted for electricity,
cool air, heat and gas prediction and the overall
prediction accuracy is relatively low, which can hardly
support planners to make effective decision schemes; (3)
the planning boundary is still narrow and can’t adapt to
the user-oriented development trend or satisfy the
diverse interest appeals of different parties.
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Fig.3. Challenges and strategies for IES planning.

3.1 IES refinement modelling

(1) Planning fine-grained model in multiple temporal-
spatial scales should be constructed

The fine-grained model is originally a term of the
computer industry which indicates to subdivide the
objects of business models to get more scientific and
reasonable object models, [9-11]. As for the
comprehensive energy business model, the object
models include:

1) The time scale model: on the one hand, the
differences of action response time of the electricity
system, gas supply system and heat/cool air supply
system should be considered. Generally, the response of

electricity system is second-based, the fastest; the
heat/cool air supply system is minute-based, the second
fastest; the gas supply is the slowest. On the other hand,
the output models of renewable resources such as photo-
voltage, wind power, geothermal energy and natural gas
in different time scales of year/season/month/day/hour
should be established to exploit its coordination and
complementarity in multi-time scales. A reasonable
method of energy supply ought to be found through
comprehensively considering different factors such as
storage conditions, system safety, etc.

2) The spatial scale model: the positions and sites of
infrastructures such as power source, gas source, cool air
source, heat source, electricity grid, gas grid and heat
grid are determined by urban planning. In areas with
stable electricity, gas, cool air and heat load such as
industrial parks, coupled system configuration like cool,
heat and electricity combination supply and combined
heat and power should be considered according to load
distribution and function division; set up regional
layered and divisional spatial scale models to determine
the coverage of energy supply, distribution of energy
network and the transmission capacity of all nodes, and
realize spatial coordination and sharing among different
energy subsystems.

3) The operation reliability model: traditional
planning involves few or no consideration of system
operation reliability, mainly because the separate energy
subsystems have relatively mature reliability evaluation
plans and technical levels. For example, the thermal
generator set, after long-term development, is sure to
meet the demands for energy while ensuring operation
reliability. The new energy production technologies such
as solar energy, wind energy and geothermal energy
have characteristics of intermittency and volatility while
the new energy conversion and transmission technology
such as flexible ac/dc power transmission system and
gas-based cool air, heat and electricity joint supply
system haven’t been used extensively. The problem of
system reliability brought about after the new-type
equipment is extensively interconnected should be fully
considered in the planning stage, and whether the
selected energy and resource combination can meet the
demand for long-term stable operation should be
assessed.

(2) The coupled planning of different energy subsystems
should be strengthened

The application value of the integrated energy system
can be demonstrated only by ensuring reliability,
optimizing the entire link of energy output-transmission-
distribution-use and reducing cost to the maximum
extent. The key point lies in strengthening the coupled
planning among the energy subsystems of electricity,
cool air, gas and heat, which specifically includes:

1) Strengthen information sharing and exchanging:
though some existing rules of the energy subsystems
planning have been formed, some essential data and
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information exchanges are needed to promote the

integrated energy system to be more overall and accurate.

For example, the best installation positions and scales of
electricity storage, heat storage, electric boiler and
combined heat and power can be easily determined in
electricity grid and heat grid through data sharing; timely
sharing of the state information of power and heat
storing can obviously improve the energy management
level of the entire integrated energy system.

2) Evaluate system sufficiency: integrated energy
system reliability analysis includes safety analysis and
sufficiency analysis. In the planning stage, focuses are
given to the offline system static safety analysis, which
has relatively much accumulation. So, no more detailed
description is offered here. Sufficiency demonstrates the
system’s ability of meeting users’ demands, such as the
ability of maintaining transient and medium-and long-
term energy supply and demand balance after being
interfered. Besides, it represents the economic
characteristics of system technology. If the sufficiency is
too large, the system has strong reliability while high
cost, which causes waste; if the sufficiency is small, the
system costs less but isn’t reliable and cannot meet
users’ demand for energy. Coupled planning should take
the system sufficiency into consideration, or the
economic efficiency of the technology used in the plan
cannot be measured.

(3) The uncertainty in analyzing and processing planning

As is shown in Table 1, much uncertainty exists in the
urban integrated energy system planning, whose
potential influences are addressed by means of scenario
analysis and stochastic analysis. In practical application,
extreme situations are assumed such as policy
cancellation, energy price increase, storage price
decrease, to establish risk index system and compare the
risk degrees of different planning in combination with
the weighting method. Compared with the single energy
system, the comprehensive one faces more complicated
uncertain factors, such as the growth of distributed
energy system scale, volatility superposition of multi-
energy loads including electricity, gas, cool air and heat.
On the one hand, new uncertain influence factors should
be exploited and the risk index system ought to be
updated. On the other hand, new processing methods like
combined analysis can be used to solve the uncertainty
problem in the process of planning.

Table 1. Uncertain factors in IES planning.

. Current Correspondin
Uncertainty factors method o link
Policy change Scene? Ener.gy.
analysis transmission
Supply and demand Scene Energy
changes on both sides analysis transmission
Long-term economic Scene Energy
trends analysis adequacy

Population movements Scene Energy
and increases analysis transmission
Energy price Scene Energy

fluctuations analysis adequacy

Technological progress Scene Energy

(e.g. energy storage) analysis transmission
weather change Stochagt ¢ Ener'gy.
analysis transmission
o tochasti E
Large unit failure Stoc asie nergy
analysis transmission

3.2 Integrated Energy Load Forecasting

(1) The methods to improve multi-energy loads
including electricity, gas, cool air and heat

Different from the power system, the urban integrated
energy system load prediction has two features: (1) in
addition to electricity demand quantity, the loads also
include demands of gas, cool air and gas sources; (@)
besides following the traditional prediction methods of
power load, heat load and gas load, other factors such as
the long-term development of power source, heat source
and gas source, energy policies, environmental policies,
urban development planning and social economic
development situations should all be considered. In
combination with the load density method, index method,
etc., the multi-energy total load Q. can be classified
into three categories based on user types, including
industrial load Q;, living load Q; and building load Qs.
Calculation is based on formula (1):
Qtotal = Qi+ Q1+ @b (D
The loads consist of power load, gas load, cool air

load and heat load. Let’s take the industrial load as an
example:

Qi= [Qe.Qg. Qh] (2)
Qe=5xD (3)
Qg = 103G, Hin'/H.n (4)
Qh=%",gxAx10-2 (5)

In the formula, Q., Q. and Qn respectively indicate
electricity consumption, gas consumption and heat
consumption; S indicates the population in industrial
zones (or building area and land area); D is electricity
consumption per capita (the electricity density of
building area or land area); Gy is the annual gas
consumption of other fuels; H'; is the low heating value
of other fuels; H; is the low heating value of gas; n’ is
thermal efficiency of equipment of other fuels; ) is the
thermal efficiency of gas burning device; q is the
industrial heat load index; A is the industrial land areas
of different types; i is industrial types.

The combined certainty load prediction method is
often used in project practice. But in fact, the
development and change rules of the integrated energy
system load are quite complicated and often influenced
by many factors. Therefore, the uncertainty prediction
methods based on analogy and correspondence should be
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introduced, such as the fuzzy neural network prediction
method and artificial intelligence prediction method
based on in-depth learning. Through such methods, more
credible load prediction results can be obtained and more
elaborate energy use portraits can be established. No
more detailed description of this is offered in this thesis.

(2) Improve user behavior and the interactive model

In the era of information, users have access to diversified
services which are unprecedented. The influences of user
behaviors on integrated energy system keep increasing,
which are specifically demonstrated in as follows.

1) Digital influence and users’ energy consumption
habit change: users’ demands for online services
promote the digitalization progress of energy systems.
For instance, the energy use devices like air-conditioner
and electric water heater are becoming more intelligent.
They make it easier for users to understand and control
their energy consumption. By changing users’ energy
use habits, digitalization changes the growth track of
energy demand as well as the load shapes in different
periods.

2) User behaviors have influence on the integrated
energy system operation reliability: traditional energy
planning seldom considers the interactive model between
users and energy network. For example, multiple electric
vehicles charge at the same time, which causes overload
and problems in power supply reliability; besides, as
different users have different personalities, demands and
preferences, modelling should be conducted for their
behaviors when planning and the potential influence on
system reliability should be analyzed.

3) The application of user-end new technologies
proposes new challenges for the planning: influenced by
technological progress and policy promotion, the
permeability of distributed energy systems like
distributed photo-voltage and distributed energy storage
keeps increasing, which causes huge challenges to the
energy service providers to make the optimal planning
and operation plans; as the distributed transaction
technologies such as block chain are promoting the
innovation and reform of user-end energy transaction
mode, profound changes of the supply and demand
relationship in the integrated energy system are taking
place, due to which the planners need to reexamine and
launch a tighter integrative planning.

3.3 Expansion of planning boundaries

As is shown in Figure 4, the integrated energy system
planning isn’t simple combination of the power system,
heat system and gas system. It should also include:

new goal
constraint

Power
system
planning

Energy
trading
market

Fig.4. Integrated energy system planning boundary.

(1) Consideration of new objectives and constraints of
multi-energy coupled planning

The National New-type Urbanization Plan proposes a
new-type urbanization strategy with people-orientation
as the core and “urban and rural overall development,
urban-rural  integration, city-industry interaction,
economical and intensive, pleasant living and
harmonious development” as basic characteristics. It has
become the key development target of urban integrated
energy system to improve the comprehensive energy use
efficiency and reduce environment pollution. The
planning link should take into consideration of both the
target of being economical, environmental and safe
regulated in traditional electricity, heat and gas systems
and realizing energy saving and emission cutting while
ensuring reliable operation as well as improving
comprehensive energy efficiency. The integrated energy
system consists of multiple devices and many links. So,
in addition to the essential device constraints, other
constraints from multi-energy flow network, multi-
energy mutual supply safety and environment should
also be considered in planning.

(2) Consider the influence of energy trade market on the
planning link

Urban energy trade can improve economic efficiency
and the reliability of integrated energy system operation.
Besides, it can enhance environmental interests and
promote employment, [12]. But conflicts may appear
between them. Taking photo-voltage as an example,
electricity market transaction can promote photo-voltage
consumption and improve environmental interests. But
due to the intermittency and volatility, the reliability of
the integrated energy system may suffer negative
influences. Planners should fully evaluate the potential
influence of transaction on planning before making
decisions. In addition, the pricing mode of energies and
resources such as photo-voltage and stored energy in
trade is very important as it decides whether the
investment cost can be recovered. Also, it is an
important basis for making medium- and long-term
investment plans.
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(3) Support extensive participation of more interested
parties

The integrated energy system planning covers multiple
areas and involves many parties. On the one hand, the
energy system planning departments of electricity, heat
and gas should strengthen their coordination,
communication and information sharing. Besides, they
should grasp the technical details included in the
integrated energy system planning from the overall
perspective and solve the difficulties and key points of
planning; on the other hand, the energy enterprises,
academic groups and energy users are encourage to
participate in the planning link, which can help expand
the research depth and width of the integrated energy
system planning and strengthen the influence and
supportive force of the planning, [13-15].

4 Application prospects

41 IES planning based on
transaction-evaluation

operation-

The integrated energy system planning is closely related
to the link operation-transaction-evaluation which is the
development trend of urban integrated energy system. In
the planning process, there is no need to consider the
multiple details in operation control, but the basic
operation reliability should be emphasized. Transactions
influence energy sufficiency and economic efficiency,
and reasonable transaction modes can make the planning
more intensive. Evaluation is the examination of
planning effects and the evaluation results fed back can
facilitate the optimization and updating of the planning.
Planning, as the guidance basis of energy system
construction, also restricts the objects and scope of
operation, trade and evaluation.

4.2 IES planning based on information-physics-
society integration

Traditional energy system planning is mostly limited to
physical system while lacking the consideration for
information system and social elements. The integrated
energy system planning faced by new-type cities and
towns highlights the interactive influence of social
elements and energy system, [16]. On the one hand, user
behavior models should be established to provide
different users with optimized energy using plans and
customized services and realize refined management for
users. On the other hand, since uncertain policies and
supervisions have influence on the integrated energy
system development and operation, and user behaviors
affect the reliability of system operation, the collection
and emphasis on non-energy information should be
extended. Besides, the integrated energy system which is
based on information should be updated into a form
based on intelligence.

4.3 IES planning based on data mining and data
driving

The emerging data analysis technology can facilitate the
refined planning. The planning link involves plenty of
data which include the basic device parameters of
electricity, gas, cool air and heat energy systems, basic
data of energy network, basic condition data of the
planned areas, user energy use behavior data, energy
macro policy data, energy transaction market data, etc.
So, advanced data analysis technologies are needed to
exploit and construct the relationship among data,
thereby  supporting credible planning models.
Development of technologies such as big data analysis
and in-depth learning provide ideas to solve this problem.
Through analyzing the data above, planners can use the
technique of data mining to get the demand data of
energies including electricity, gas, cool air and heat and
optimize project plans, thereby laying a solid foundation
for achieving coupled planning.

5 Conclusion

The urban integrated energy system is a project coupling
energy supply network, energy conversion, energy
storage and the terminal energy use unit. It has basic
characteristics of multi-energy coordination, separate
supply and demand and open transaction. Planning, the
guiding link of its implementation, is in the stage of
startup. Existing planning faces challenges of too simple
models, insufficient load prediction accuracy, limited
consideration range, etc., which leads to the facts that
planning and operation construction are disjointed, and
the planning lacks credibility and guidance and can
hardly support the promotion and application of the
integrated energy system.

Judging from the perspective of engineering
application, the difficulties that the current urban
integrated energy system faces are sorted out and
corresponding strategies are provided. The integrated
energy system planning is a large project which involves
quite many uncertain factors. It is sure that it will have
closer coupling with the link operation-transaction-
evaluation. The user-center idea demands that user
behaviors and social factors should be taken into
consideration in planning, and people orientation is the
goal and trend of the urban integrated energy system
planning. Besides, as the planning process involves mass
data concerning energy system devices of electricity, gas,
cool air and heat, network, environment, staff, etc., the
technology of big data analysis and mining should be
used to facilitate the process. Only by facing up to the
different difficulties and challenges in the planning
process, can we fully exploit the value of the integrated
energy system.
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