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Abstract— As an important Energy Internet technology, energy 

router (ER) can implement energy routing and information 

interconnection for multi-energy networks within a certain 

geography range. However, energy supply allocation between 

energy routers has to be resolved, which can connect isolated area 

networks and expand the scale of the energy Internet.  

In this paper, equipment capacity and network routing are 

planned for multi-area multi-energy systems (MAMESs), which 

consists of multiple ERs with virtual energy routers technologies. 

Firstly, the concept of the routing algorithm for MAMES is 

proposed. Secondly, a multi-energy coupling association model 

considering multi-energy routers is constructed, based on the 

hybrid power flow model and ER energy transport conversion 

extension model. Finally, the routing algorithm flow is provided, 

and the ER equipment capacity planning with energy network 

routing planning is developed based on the routing algorithm. The 

simulation shows that the planning method based on the routing 

algorithm can effectively obtain the capacity of energy equipment 

inside ERs and the routing layout between ERs in the MAMES. 

Correlated planning helps improve energy efficiency, environment 

protection, and economic benefits of regional MAMES. 

Index Terms— Energy router; Virtual energy router; Routing 

algorithm; Multi-area multi-energy system; MAMES planning 

NOMENCLATURE 

Abbreviation List 
ER                Energy router 

VER             Virtual energy router 
SAMES            Single-area multi-energy system 

MAMES        Multi-area multi-energy system 

IES               Integrated energy system 

Parameters 
I                 The input matrix of the ER 

C                The transformation matrix of the ER 
O                The output matrix of the ER 

Cij               The conversion factor between energy sources i and j 

a12               The distribution coefficient between energy sources i and j 
b12              The device conversion efficiency between sources i and j 

Ie                 Total energy input of the supply side 

I
 net 

e /I
 re 

e /I
P2G 

e / I
WI  

e   External network/renewable energy/P2G power 

consumption input/waste incineration power plant input 

I/Ibasic/IP2G/IWI        The supply side matrices for total input/infrastructure/P2G/ 

waste incineration power generation 

CT             The transmission loss matrix from the supply side to the 

conversion side 

OC            The conversion side output matrix 

CTe/CTg         The electrical/gas network loss factor from the supply side  

to the conversion side 

OTe/OTh/OTg   The power/thermal/gas network loss coefficients from the 

conversion side to the load side 

Se/Sh/Sg           The energy outputs of power/thermal/gas storage devices 

OT            The transmission loss matrix from the conversion side to  

the load side 

S               The energy storage matrix 

Ei,t /Hi,t/ Vi,t   The electrical/thermal/gas energy states of the ith energy  

device in ER1 at time  

Im,t          The environmental factors influencing renewable energy  

generation 

Prate,m      The renewable energy rated power 

Pm,t         The power output of ith renewable energy at time t.  
An,t         The specific energy flow relationship factor 

Prate,n/Hrate,n/Vrate,n   The rated capacity of electrical/thermal/gas energy device 

P
 sp  

n,t /H
 sp  

n,t /V
 sp  

n,t    The output of energy device in electrical/thermal/gas 

network 

CERi      The energy cost of the ith ER 

CERj,ERk     The energy routing cost between ER j and k 
r        The annual discount rate 

L        The life span 

C0,i       The unit capacity of device i 
xij       The Boolean variable, which 1/0 represents the 

construction/non-construction of the ith device in the jth ER 

Vi,j       The construction capacity of the ith device in the jth ER 
Dt,i,j      The scheduling quantity of ith device in the jth ER at time t 

E
 man  

i,j       The operation and maintenance cost required by unit 

scheduling quantity 

Pbuy,t,j /Vbuy,t,j    Electricity/gas purchased by the jth ER at time t 

ω
 elec  

buy,t  / ω
 gas  

buy,t     The purchase price of electricity/gas at time t.  

Wi,j,t,save      The energy saved by device i of ER j at time t 

Ci,j,prod       The unit energy production cost of device i of ER j 
ωtax       The carbon tax 

λ
co2  

i,j       The amount of carbon dioxide emitted by device i of ER j 

λ
co2 

egrid /λ
co2 

ggrid     The amount of carbon dioxide emitted by traditional power  

generation/gas device when outputting unit energy.  

ηegrid /ηggrid     the energy transmission efficiency of the electricity/gas  

network. 
β       The annual discount rate of environmental maintenance  

expense  

Te       The environmental maintenance years.  

C
 ep  

0,j       The environmental maintenance expense of unit capacity of  

the device. 

mi       The capacity of renewable energy 

Ai,0      The subsidy of unit capacity 

C
Nline 

0,e / C
Nline 

0,g / C
Nline 

0,h  The construction cost of unit length of electric/gas/hot(cold)  

network 

y
 E,N  

j,k /y
 H,N  

j,k /y
 G,N  

j,k    Boolean variables, and 1/0 represents the construction/non- 
construction of electric/hot/gas networks between routers j  

and k. Lj,k is the length between ERs j and k.  
pe/ph/pg     The electricity/thermal/gas prices 

V
 loss 

e /V
 loss 

h /V
 loss 

g   The electricity/heat/gas loss.  

Vi,max/Vi,min    The upper/lower limits of installable capacity 

Gi,j(Vi,j)     The constraint conditions caused by energy flow relation  

about capacity 

 Li,j(x,y)      The logical relation constraint between 0-1 variables 

xe/xh/xv/xer/     The variables of electrical, hot/cold, gas and ERs 

I. INTRODUCTION 

OWADAYS, as energy overconsumption has grown 

rapidly, the optimization and economic use of energy is 

becoming increasingly important, driving the development of 

Energy Internet. Energy Internet is an energy system 

characterized by an intensive combination of new energy and 

information technologies. It is a distributed, open, and shared 
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system, mainly driven by renewable energy [1,2].  

Energy router, important equipment set in Energy Internet, is 

a plug-in platform that can control energy distribution [3,4]. It 

achieves multi-energy complementarities by combining power 

electronics technologies and information and communication 

technologies, integrating power electronic transformers, energy 

converters, distributed energy sources, energy storage devices, 

loads, information collection and transmission devices [5]. 

In existing energy systems, planning and design are carried 

out separately, ignoring the correlation between multiple 

energy systems [6]. Under the Energy Internet environment, 

different energy vectors have evolved into being closely linked, 

exhibiting strong coupling characteristics that can improve 

energy utilization [7,8].  

Researches in these years have paid great effort on two fields 

in Energy Internet. i) model the coordinated optimization and 

complementary characteristics of multiple energy 

interconnections, and ii)  achieve coordinated planning and 

scheduling of multi-energy systems, whose primary task is to 

model and analyze the interconnection of muti-energy systems. 

Paper [9] discusses the factors and practicality of multi-energy 

system modeling, and proposes a solution to the multi-time 

scale modeling. The network model of multi-energy flow is 

constructed, and an effective simulation method is proposed to 

support the analysis of multi-energy coupling system [10]. 

Another research also proposes an optimal expansion planning 

model for an energy hub with multiple energy systems to 

determine appropriate investment [11]. Finally, paper [12] 

introduces a classification of operation modes of the 

cogeneration system, mainly including three types: complete 

decoupling, partial decoupling and full coupling. The three 

modes are all used to study the hybrid power flow respectively.  

In multi-energy systems, the outputs of wind turbines, 

photovoltaics, etc. have strong randomness, reducing system 

reliability and safety. Therefore, energy storage must be built in 

multi-energy systems, whose space-time dimension can well 

solve renewable energy volatility and improve its permeability 

and utilization [13]. Moreover, the economical and efficient 

operation of multi-energy systems can be achieved through 

control methods [14]. 

Energy Internet planning can be divided into macro and 

micro levels. At the macro level, the planning layout of the 

source network is coordinated, and the input in the planning 

model is discussed according to various factors such as resource 

distribution and economic development to achieve energy 

supply and demand balance [15]. At the micro level, the 

planning objective is to achieve the reasonable operation of the 

energy system through selecting, sitting and sizing energy 

equipment as well as the construction and expansion of energy 

equipment. Several researchers have conducted research in this 

area. In paper [16], the planning of Energy Internet has three 

parts, including energy production, transportation and 

consumption, and the author then carries out planning models 

from three aspects: tasks, basic constraints and influencing 

factors. Paper [17] introduced a virtual player to achieve the 

deep integration of game theory and robust optimization. 

Collaborative planning for source-network-load in distribution 

network considering uncertainty and multi-agent game is 

proposed. In summary, there is limited research on coordinated 

planning in MAMES.  

This paper first proposes the concept of VER suitable for 

MAMES for energy system with multi-energy ERs. Then, the 

energy transmission conversion extension model is proposed to 

study the input-output relationship of a multi-energy ER. The 

model analyzes the transformation, storage and distribution of 

multiple energy in each ER. Finally, a novel routing algorithm 

for sitting and sizing multi-energy devices in VER is proposed. 

The main contributions of this paper are as follows:1) it is the 

first effort to study the complementaries of multi-energy 

networks between ERs in regional MAMES planning; 2) it is 

the first study to derive the formulas of the ER transmission 

conversion model and the VER correlation model; 3) it also 

proposes a novel routing algorithm that can solve regional 

MAMES planning problem in VER.  

The rest of the paper is organized as follows: Section II 

introduces concepts of multi-energy ER, VER, SAMES and 

MAMES. Section III introduces the model of multi-energy ER. 

Section IV introduces the correlated model and the routing 

algorithm based on VER. Section V constructs an optimization 

model based on the routing algorithm for regional MAMES 

planning. Section VI gives a case of regional MAMES planning 

and conducts energy, environmental and economic analysis. In 

Section VII, the conclusion is given. 

II. REGIONAL MAMES AND ROUTING ALGORITHM 

In this section, part A states the concept of multi-energy ER 

with the development of integrated energy systems (IESs). Part 

B reveals the characteristics of VER. The typical application of 

multi-energy ER and VER are SAMES and MAMES 

respectively. The relationships between ER and VER, SAMES 

and MAMES are also introduced. Part C introduces the routing 

algorithm for regional MAMES planning. 

A. Multi-energy ER and SAMES 

Traditional ERs mainly implement electrical power 

conversion. The IES under Energy Internet architecture will 

become popular [18]. Multi-energy system is coordinated to 

achieve complementarity of multiple energy sources. 

Therefore, ER and IES are combined to become a multi-energy 

complementary ER. The specific structure of the multi-energy 

ER is in Figure 1. A typical SAMES is an industrial park with 

multi-energy networks if the energy conversion in this park is 

completely realized by a single multi-energy ER. 

B.  VER and MAMES 

A regional MAMES is formed by at least two SAMESs. In a 

MAMES, SAMESs are connected by electric, thermal and 

natural gas networks. Therefore, a MAMES contains at least 

two multi-energy ERs. The concept of VER is proposed for 

centralized management of these multi-energy ERs [19]. The 

relationship between ERs and VER is shown in Fig.2. VER 

enables the aggregation and coordination optimization of 

multiple distributed ERs through information communication 

and intelligent computing technologies. The core of VER is a 



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

3 

centralized management system of ERs, which enables energy 

networks and markets to achieve large-scale energy, 

environmental and economic benefits. 

C. Routing algorithm in regional MAMES planning 

The core algorithms are defined as internal routing and 

external routing algorithms, shown in Fig.2. In this paper, the 

planning of the regional MAMES only considers the internal 

routing algorithm. The carrier of the internal routing algorithm 

is the electric-thermal-gas interchange network between ERs. 

The internal routing algorithm achieves the optimal output 

allocation and coordinates the scheduling of multiple ERs 

aggregated by VER. The carrier of the external routing 

algorithm is an electrical and gas external network. The external 

routing algorithm is an instruction followed by VER as an 

organic unity, which considers the security and stability of 

Energy Internet and market mechanism. 
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Fig.2 Structure of the VER 
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Fig.1 Structure of multi-energy complementation router, the combination of ER and IES 

III. MULTI-ENERGY COMPLEMENTARY ENERGY ROUTER  

Based on the hybrid power flow model and ER transmission 

conversion extension model, the correlation model considering 

multi-energy coupling is constructed. Because this paper 

mainly considers the capacity planning of energy device inside 

ER and energy networks between ERs, the information model 

of ER is not considered here. 

A. Energy transmission conversion extension model of 

multi-energy ER 

In order to better analyze the transformation, storage and 

distribution of multiple energy in each ER of the VER, the 

energy transmission conversion characteristic model is 

constructed in a matrix form. The matrix links the inputs, 

transformation, and outputs of multiple energy together, which 

directly reflects the coupling between multi-energy networks, 

as follows [21]: 

O CI                                         (1) 

In matrix C, Cij is determined by the distribution of input 

energy and conversion efficiency of conversion devices, so C12 

can be expressed by: 

ij ij ijC a b                                     (2) 

In order to clarify the ER model, the original ER model is 

extended, divided into the supply side, conversion, and load 

side for expansion. At the same time, the energy transmission 

loss is considered at the conversion side and load side. 

B. Supply side of multi-energy energy router 

At the supply side, in addition to the energy input from the 

external energy network, there are renewable energy and some 

park-specific devices. Therefore, the supply side is expressed 

as: 

2

2 0

net re P G WI
e e e e e

net P G
g g g

I I I I I

I I I

       
        
          

          (3) 

2basic P G WII I I I                      (4) 
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C. Conversion side of multi-energy energy router 

The conversion side consists of two parts: one is the energy 

conversion device, which connects the supply and demand, 

and the other is the energy transmission link from the supply 

side to the conversion side, as follows: 

0

0 0

0

e ee eg e
e

h he hg

g

ge gg gg

OC C C CT
I

OC C C
I

C C CTOC

      
       

         
       

      

           (5) 

 OC C CT I                          (6) 

D. Load side of multi-energy energy router 

At the load side, in addition to the electrical, thermal and gas 

loads, it also contains multi-energy energy storage devices and 

the transmission from the conversion side to the load side. The 

energy relationship is as follows: 

0 0

0 0

0 0

e e ee

h h h h

gg g g

O OC SOT

O OT OC S

OTO OC S

      
      

       
      

      

       (7) 

 OC C CT I                              (8) 

To sum up, all energy equations on the supply side, transfer 

side and load side can be obtained as follows: 

  2basic P G WIO OT C CT I I I S     L    (9) 

In (13), the functional differences of the unique device of 

different systems can be modified in the corresponding part of 

the model, which reduces the time to repeatedly model system, 

thus improving efficiency. At the same time, the extended 

model takes the loss of energy transmission into account, 

which makes the expression of the ER more accurate. 

IV. ROUTING ALGORITHM  

A. Correlation model of multi-energy networks in VER 

The correlation model is the correlation equation between 

the location and capacity of multiple ER energy devices in 

VER. As shown in (14), the correlation equation reflects the 

mutual constraints of multiple energy sources in VER in joint 

planning. 

     

, , , , , , , , ,

, , ,
1 1 2 2

, , , , , , , , , 0

VER

i t i t i t j t j t j t k t k t k t

i t j t k t
ER EH ERn EHnER EH

f E H V E H V E H V

 
  
 
 
 

        (10) 

At the same time, the operation characteristics of a single ER 

are represented as a whole by the energy transmission and 

transformation extension model. 

 

 

 

1

1

1

2

, , ,

2

, , ,

2

, , ,

, , , 0

, , , 0

, , , 0

ER ER ERn

pb i t j t k t

ER ER ERn

hb i t j t k t

ER ER ERn

vb i t j t k t

f E E E

f E E E

f E E E

 









            (11) 

 , , ,, 1,2,...ren m t rate m m t renf I P P m n               (12) 

 , , , , , , ,, , , , , 1,2,...sp sp sp

sp n t rate n rate n rate n n t n t n t spf A P H V P H V n n            (13) 

In (10), the relationship of position and capacity of 

electricity, thermal and gas is composed of (11) ~ (13). Where 

(11) is the energy correlation equation, which represents the 

electricity, thermal and gas energy baSAMESce between ERs, 

and can preliminarily determine the annual power generation, 

thermal and gas volume of each ER. It is then used to carry out 

the subsequent location and volume calculation. 

In energy correlation (11), the electrical, thermal and gas 

energy states of each element need to be obtained according to 

the element model respectively. The status of specific energy 

device is constrained by energy flow.  

B. Routing algorithm model 

The routing algorithm [21,22] can improve the protocol 

function and minimize the overhead caused by routing. The 

router uses a routing algorithm to find the best path to the 

destination. Usually, a network can be represented by a graph 

G(N,L), where N(G) representing a collection of nodes, and 

L(G) representing the set of links formed by the two nodes 

connected. The energy cost of the path is a combination of the 

energy costs of the connections in the path. Let connection (j,k) 

indicate the connection of node j with the node k. m and n are 

the source node and the destination node respectively. Π(m,n) 

is the set of all the paths from m to n. ( , ) ( , )m n m n   is one 

of the paths from m to n. The path cost  Cπ(m,n)of the path π(m,n) 

can be expressed as: 

( , ) ,

( , ) ( , )

=m n j k

j k m n

C C


                             (14) 

Finally, choosing a path that costs the least: 

( , )
( , ) ( , )

arg min m n
m n m n

R C
 

                          (15) 

C. Routing algorithm model of VER 

Graphic G(ER, EL) is used to represent the regional Energy 

Internet, ER(G) is the collection of ERs, and EL(G) is the set 

of all the energy paths formed by every two ERs. Let (ERj, ERk) 

denote the connection between the ERs  ERj and  ERk, and  ERm 

and ERn represent all source ERs and destination ERs 

respectively. ( , )m nER ER  is a set of all paths from ERm to ERn, 

and ( , ) ( , )m n m nER ER ER ER   is a path from ERm to ERn. Then 

the energy cost Ctotal of the entire regional MAMES can be 

expressed as: 

,

( , ) ( , )

=
i j k

j k m n

total ER ER ER

ER ER ER ER

C C C


        (16) 

V. REGIONAL MAMES PLANNING BY ROUTING ALGORITHM 

A. Planning process 

In the planning, it focuses on locating devices and routing 

energy networks between different ERs. Therefore, the overall 

planning is to build a basic model of MAMES. Then, energy 

device parameters and line variables are used as the decision 

variables to build the planning model. The objective is to 

minimize annual cost of regional MAMES, including energy 

cost inside ERs and routing cost between ERs.   

The location of the energy device among multiple ERs can 

be divided into three categories:  

 the unique device, which is limited by the location of the 

site; 
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 renewable energy device, which can only be installed in a 

suitable location; 

 typical energy device, such as gas-fired boilers and energy 

storage device, which can be installed in all ERs. 

The routing problem of the electric-thermal-gas network 

among ERs is divided into 27 categories: new, invariant and 

expansion of the electricity, thermal and gas network. Two 

groups of 0-1 variables are respectively used to characterize 

the new and expansion of the network. 

B. Planning model based on the routing algorithm 

(1) Objective  

The planning objective is to minimize the annual cost F, 

which consists of energy cost ∑CERi within each ER and 

routing cost ∑CERi,ERk between ERs. 

,i j kER ER ERF C C                        (17) 

a. Energy cost within each ER 

∑CERi includes investment cost Cinv, operation cost Cope, 

renewable energy subsidy cost Callo and environmental 

maintenance cost Cep of energy device in each ER. The 

expression is in(18) ~ (26). 

=
iER inv ope allo epC C C C C                    (18) 

 

 
, 0, ,

1

1 1

L

inv i j i i jL
i j

r r
C x C V

r




 
                (19) 

2
+ope man co trade saveC C C C C               (20) 

, , ,
, ,

man

man t i j i j
i j t

C D E                         (21) 

 , , , , , ,+elec gas

trade buy t j buy t buy t j buy t
t

C P V               (22) 

Considering the low thermal energy transmission efficiency, 

the external network of the VER only plans the electricity and 

gas networks, so the energy purchased is only electricity and 

gas volume, and the heat is consumed inside the VER. 

, , , , ,
,

save i j t save i j prod
i t

C W C               (23) 

2

2 2

2

, , , , , , ,
, , , ,

co co

egrid ggridco

co tax i j t i j buy j t buy j t
t i j j t j tegrid ggrid

C D P V
 

 
 

 
   

 
 
      (24) 

 

 
, 0, ,

1

1 1

e

e

T

ep

ep i j i i jT
i j

C x C V
 






 
            (25) 

,0allo i i
i

C m A                          (26) 

b. Routing cost between ERs 

The routing cost between ERs consists of two parts, the 

construction cost of energy network ∑C
 cons  

ERj,ERk
 and the loss cost 

of energy in the transmission process ∑C
 loss 

ERj,ERk
. 

 , , ,

, , , 0, , 0, , 0,=
j k

cons E N Nline H N Nline G N Nline

ER ER j k j k e j k h j k g
j k

C L y C y C y C  
   (27) 

 , , ,

, , , ,=
j k

loss E N loss H N loss G N loss

ER ER j k e e j k h h j k g h
j k

C y p V y p V y p V  
    (28) 

(2) Constraints 

The constraints fall into three categories: i) the constraints 

on the installable capacity of energy device; ii) the mutual 

restriction formed by the internal energy flow relations of the 

system; iii) the logical relation constraint of 0-1 variables. The 

expression is as follows. 

 
 

,min ,max

, ,

,

0

, 0

i i i

i j i j

i j

V V V

G V

L x y

  







                        (29) 

In addition, the constraint conditions include power flow 

constraint and capacity limitation. The expression of power 

flow constraint is related to variables of electrical, hot/cold, gas 

and ERs.  

 

 

 

 

, , , 0

, , , 0

, , , 0

, , , 0

E e h v er

H e h v er

V e h v er

ER e h v er

f x x x x

f x x x x

f x x x x

f x x x x

 










                     (30) 

Capacity limit means that the scheduling quantity of device 

at any time cannot exceed its capacity limit. 

min , maxt iD D D                           (31) 

VI. CASE STUDY 

This section uses the three park-level SAMESs in Figure 4 

as an example to plan the regional MAMES. 
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Fig.4 Regional MAMES 

A. Overview and basic data of the regional MAMES 

 
(a) Load of chemical industrial park on a typical day 
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(b) Load of residential park on a typical day 

 
(c) Output power of photovoltaic on a typical day 

 
(d) Operation of wind turbine on a typical day 

Fig.5 Parameters of regional multi-MAMES 

 
Fig.6 Energy price of a typical day 

Park 1 is a solid waste treatment park which is self-

sufficiency in energy. The external resource required is only 

garbage, and at the same time, it can produce energy such as 

electricity, biogas and thermal. Park 2 is a chemical industry 

Park, which needs natural gas as raw material for production. 

The specific load demand is shown in Fig. 5(a). Park 3 is a 

residential park and its load is shown in Fig. 5(b).  

The typical intraday output curve of the 40kW photovoltaic 

power generation unit in the solar energy resource area and the 

wind power generation  are shown in Fig. 5(c) and Fig. 5(d), 

respectively. Typical intraday prices of electricity, heat and gas 

energy are in Fig. 6. The parameters of different energy 

devices involved in the case are shown in Table 1. 

Tab.1 Parameters of energy devices 

Energy components 
Construction cost  

¥/kW 

Operation cost 

¥/kW 

Legal 

location 

landfill 6.1429 0.84 1 
waste incineration 

power plant 
3557.1 13.5 1 

leachate treatment plant 18386 5.93 1 

biogas power plant 1700 0.0074 1 

biogas compression 

purification station 
65 0.0525 1 

P2G 800 0.042 1，2 

wind turbine 12500 0.01 1，2 

photovoltaic 8500 0.01 2，3 

gas turbine 15000 0.025 2 

gas boiler 340 0.02 2 

heat pump 3000 0.0097 2，3 

electrical refrigeration 1100 0.01 2，3 

absorption refrigeration 1100 0.008 2，3 

power storage 142.86 0.00027 1，2，3 

heat storage 321.6 0.0315 1，2，3 

gas storage 5 0.00024 1，2，3 

The parameters of the energy networks involved in the case 

are shown in Table 2 and the cost between ERs is related to 

them. The selection of different types of pipelines in 

electricity, heating and gas network results in the difference of 

routing cost. 

Tab.2 Parameters of energy unit 

Energy 

pipeline 
type 

New cost

（104¥/km） 

Expansion cost 

（104¥/km） 

grid 
overhead line 5 3 

cable 27 22 

heat 
network 

φ920×12 43 20 

φ820×10 33 18 

 

φ720×10 29 17 

φ620×9 22 14 

φ520×7 18 11 

gas 

network 
DN-150 50 23 

B. Results analysis 

The element capacity planning results are in Fig. 7 and Table 

3.  Table 4 gives network routing planning results among ERs. 

(1) Planning results of the routing algorithm 

Table 3 shows the capacity planning results of the internal 

energy device of the three park-level ERs.  

Tab.3 Capacity of energy units 

Energy components 
capacity of 

park1 

capacity of 

park2 

capacity of 

park3 

landfill 1264 t/d / / 

waste incineration power plant 4742 t/d / / 

leachate treatment plant 2050 m3/d / / 

biogas power plant 4342 kW / / 

biogas compression purification 

station 
75024 m3/d / / 

wind turbine / 2000 kW / 

photovoltaic / 500 kW 0 kW 

P2G 677 kw 320 kW / 

gas turbine / 0 kW / 

gas boiler / 0 kW / 

heat pump / 250 kW 323 kW 

electrical refrigeration / 50 kW 585 kW 
absorption refrigeration / 0 kW 0 kW 

power storage 0 kWh 487 kWh 0 kWh 

heat storage 0 kWh 5820 kWh 2540 kWh 

gas storage 0 m3 320 m3 0 m3 

In park 1, the capacities of biogas power plant, biogas 

compression purification station and P2G are 4342kW, 

75024m3/d and 677kW respectively. As an energy supply park,  

no energy storage device is planned in park 1. Despite biogas 

power plant inferiorities of environment and energy efficiency, 

park 1 still plans it to support the power and heat load of parks 

2 and 3. In park 2, the total load, which can be up to 5000kW, 
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can be supported by park 1. The capacities of the wind turbine 

and photovoltaic are 2000kW and 500kW because of the 

simulation of sales profit of electric energy. The energy source 

of park 3 is the power transmission of park 1. In park 3, the 

electrical load is small, which is less than 1200kW. The PV 

investment cost is up to 8500RMB/kW, so park 3 does not 

install PV. Both parks 2 and 3 have reserve capacity for energy 

storage. In park 2, reserve capacities for electricity,heat and 

gas are 487kWh,5820kWh and 320m3 repectively. In park 3, 

reserve capacity for heat is 2540kWh. 

Tab.4 MAMES network planning results 

ER ER1 ER2 ER3 

ER1 / （1,1,1） （1,0,0） 

ER2 （1,1,1） / （0,0,0） 

ER3 （1,0,0） （0,0,0） / 

Table 4 shows the planning results for the MAMES 

network. The three parameters respectively indicate whether 

the energy path of electricity, heat and gas networks is built 

between the ERs. As seen from Table 3, a new electrical, 

thermal and gas energy path is established between ER1 and 

ER2, and an electrical energy path is established between ER1 

and ER3. 

The electrical loads of ER2 and ER3 require the power 

provided by ER1, and new power networks need to be built 

between ER1 and ER2 and between ER1 and ER3. At the same 

time, there is also a part of gas load in ER2,which ranges from 

1000kW to 1300kW. ER2 relies on ER1 to provide natural gas, 

and a new gas network needs to be built between ER1 and ER2. 

The distance between ER1 and ER2 is 1000m shorter than that 

between ER1 and ER3. To reduce heat loss, a thermal network 

is built between ER1 and ER2. At the same time, heat pumps 

and heat storage devices are planned in park 3 to avoid the risk 

of low thermal transmission efficiency. 

In addition, there is no cold network between parks. Thus, 

the cooling load of parks 2 and 3 is provided by 50kW and 

585kW internal electrical refrigeration respectively. 

ER1

ER2

ER3

Hybrid energy bus

Grid Gas network Heat network

biogas compression 
purification station

photovoltaic

wind turbine

gas 
storage

heat 
storage

power 
storage

power load

heat/cold load

gas load

P2G

heat pump
electrical refrigeration

heat 
storage

P2G

1264t/d

4742t/d

2050m
3
/d

4342kW

75024m
3
/d

677kW

323kW

585kW

2540kWh

2000kW

500kW

320kW

250kW

50kW

487kWh 5820kWh 320m
3

Cold network

power 
load

heat
/cold
load

waste incineration
power plant

landfill leachate
treatment 

plant

biogas power plant

electrical 
refrigeration

heat pump

 
Fig.7 Planning result diagram of the Regional MAMES routing algorithm 

(2) Analysis of benefits by adopting routing algorithm 

Tab.5 Comparison of routing and non-routing algorithms 

 

cost(*106¥) energy efficiency (%) carbon 

emission 

(t/d) 

investment 

& operation 

energy 

purchase 

electr-

icity 
heat gas 

routing 

algorithm 
129.86 0 100 100 91 5774.2 

non-
routing 

algorithm 

131.13 352.6 97 100 89 12342.3 

The analysis of benefits by adopting routing algorithm is 

shown in table 5 and figure 7. In the comparison of investment 

and operation costs, the total cost of the MAMES basically 

remains unchanged, which drops from 131.13 million to 

129.86 yuan when the routing algorithm is adopted. ER2 and 

ER3 increased costs due to the increased planned capacity of 

the gas turbine, gas boiler and other devices. The reason for the 

increase is the demand of parks 2 and 3 for electricity, thermal, 

cold and gas. However, the energy purchase reduces from 

352.6 million to 0 yuan by adopting routing algorithm. 

In energy efficiency comparison, when routing algorithm is 

not adopted, the utilization rate of electricity increases from 

97% to 100% and that of gas increases from 89% to 91%.  

 
Fig.7 Comparison diagram of routing and non-routing algorithms  

In the comparison of carbon emission, the large carbon 
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emission without routing algorithm is mainly caused by the 

increased capacity of gas turbines and gas boilers in ER2 and 

ER3, and the increased capacity of the biogas power plant in 

ER1 is also part of the reason. In independent planning, the 

energy device of park 3 includes gas turbine and gas boiler due 

to the load demand, which not only increases the emission of 

pollutants but also affects the living environment of the 

residential park. As can be seen from table 5, when routing 

algorithm is adopted, the carbon emission is 47% of that 

without routing algorithm, which greatly improves the 

environmental benefits of MAMES and is conducive to the 

development of energy-saving and low-carbon economy. 

VII. CONCLUSION 

According to the distributed characteristics of ER and the 

concept of VER, this paper proposes the routing algorithm of 

VER, and constructs the correlation model of regional 

MAMES based on VER. On this basis, the method of capacity 

planning and routing planning based on VER routing 

algorithm is proposed. Finally, the planning model of regional 

MAMES is established, and the following conclusions are: 

(1) The regional MAMES planning model can transform the 

routing algorithm between ERs to achieve the integration of 

the algorithm in the planning model. Finally, the internal 

device capacity of the ER and the energy routing between the 

ERs can be solved simultaneously. 

(2) Combined with the routing algorithm of VER, the 

planning method of regional MAMES is proposed, which 

reflects the planning benefit of VER. With the adoption of the 

routing algorithm, the cost of investment, operation and 

maintenance is reduced, energy utilization is improved, and 

carbon emission is reduced to 47% by adopting routing 

algorithm. Simulation results show that the VER and its 

routing algorithm are effective. 
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