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Peer-to-Peer Energy Sharing in Distribution
Networks With Multiple Sharing Regions
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Abstract—Peer-to-peer energy sharing in the distribution
networks (DN) is an emerging issue with the large-scale de-
velopment of photovoltaic (PV) prosumers. The DN can be
classified into energy-shared regions (ESR) to enable the
zonal energy trading. A Stackelberg-game-based energy-
sharing framework is recommended for DN with multi-ESR,
where the energy-sharing provider (ESP) works as a leader
with dynamic pricing for multi-ESR, whereas PV prosumers
serve as followers with the demand response’s (DR) ability
to choose an ESR to link and modify their flexible loads.
A profit maximization model, along with multi-ESR pricing
and a network usage fee, is designed for the ESP operation
in this article. This involves a utility model with DR strate-
gies, including ESR selection and load adjustment, which
is proposed for the prosumers. Moreover, the presence
and uniqueness of the Stackelberg equilibrium are being
provided. Finally, through the use of a real system, the
simulation results show that the ESP profit and prosumers
can be increased whereas the impact of PV uncertainty and
variability on the utility grid is reduced.

Index Terms—Demand response (DR), distribution net-
work (DN), dynamic pricing, optimization, peer-to-peer
(P2P), prosumers, Stackelberg game.

NOMENCLATURE

N Number of energy-sharing regions (ESRs) in
the DN.

M Number of prosumers in the DN.
B Number of buyers in the DN.
S Number of sellers in the DN.
H Number of time slots of the energy-sharing

operation.
i Index for prosumers.
n Index for ESR.
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h Index for time slot.
gs,h Selling prices of utility grid.
gb,h Buying prices of utility grid.
psn,h Dynamic internal selling prices of ESR n.
pbn,h Dynamic internal buying prices of ESR n.
λmed Transmission–distribution prices in medium

voltage level.
λhigh Transmission–distribution prices in high volt-

age level.
Δλ Network usage fee.
xi,h Energy consumption of prosumers i.
ximin,h Lower bounds of energy consumption.
ximax,h Upper bounds of energy consumption.
lni,h ESR selection variable of prosumer i (access

to ESR n).
Ei,h Energy production by the photovoltaic (PV)

panel of prosumer i.
Esi,h Selling energy of prosumer i.
Ebi,h Buying energy of prosumer i.
Esn,h Total amount of energy selling in ESR n.
Ebn,h Total amount of energy buying in ESR n.
Eb,h Total buying energy in the DN with N ESRs.
Es,h Total selling energy in the DN with N ESRs.
Eloss,h Entire network losses in time slot h.
Eg,h Amount of energy that the utility grid sends

to the DN in time slot h.
Emax,h Maximal energy limit of the 10 kV trans-

former power line.
pli Transmission capacity corresponding to the

power line of prosumer i.
ki,h Preference parameter of prosumer i.
γEi,h Subsidy of PV energy from the government.
R(pbn,h, psn,h) Profit function of the ESP.
Vi,h(xi,h, lni,h) Utility function of PV prosumers.
V ni,h(xi,h(n)) Utility of prosumers i in ESR n.
xi,h(n) Consumption of prosumer i in ESR n.

I. INTRODUCTION

D ISTRIBUTED energy resources (DERs) are widely used
to reduce greenhouse gas emissions and increase grid

resilience. Also, consumers with DERs can provide electric-
ity to the utility system whenever necessary. This creates an
entity with the competence of both production and consump-
tion called prosumer [1]. With the emergence of prosumers,
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demand response (DR) has gradually become a popular research
topic for the solution to the energy management problem (e.g.,
peak energy consumption) [2]. Among all forms of DERs,
photovoltaics (PVs) are currently being diffusely installed with
a promising impact [3], [4]. Regarding the energy balance re-
quirement, the large-scale connection of PV systems and energy
usage of prosumers will have a significant effect on the operation
of the electric power system. The transactive energy emerges as
an effective market-based control to resolve this challenge and
enables the energy transactions among the distributed entities
[5], [6]. Accordingly, peer-to-peer (P2P) energy sharing is re-
ceiving extensive research interest [7].

In general, P2P energy-sharing research can be grouped into
the following connected network levels: 1) microgrid (MG) and
2) distributed network (DN). The first category is focused on
energy sharing among the prosumers inside the MG. The opera-
tional goal is to increase the profit of the prosumers [1], [8]. The
bilateral contracts [9] and economic dispatch [10] are proposed
to facilitate P2P energy trading. In [3] and [6], a concept of
P2P platform agent is suggested to control the energy trading
among the PV prosumers with their heterogeneous preferences.
A multiagent system uses P2P energy sharing as a solution to
address the complexity of the transactions [11], increase network
efficiency and energy security [10], and schedule the DER
unit commitment [12]. A canonical coalition game with social
cooperation among the prosumers is used to promote sustainable
participation in P2P trading [13]. In addition, P2P energy sharing
can also be used in the efficient energy management of smart
energy buildings via distributed optimization [14].

With the large-scale connection of PVs, it can have a signif-
icant impact on P2P energy sharing brought by their volatile
generation output [15], extending the MG-level energy sharing
to the DN level, such as with community MGs [16]. This has
become an essential topic [17], [20]. Some researchers provide
game theoretical approaches for P2P energy sharing in DN
[17]–[19]. For instance, an overview of the potential of game
theory approaches for energy management in a P2P network is
discussed in [18]. In reference to [19], it proposes a game theory
model, including a Stackelberg game, an evolutionary game,
and a noncooperative game for real-time P2P energy sharing in a
community MG. In addition to the game theory, blockchain tech-
nology and software-defined networks (SDNs) have also been
applied to P2P energy sharing. Blockchain can be used to build
a new market structure for big industrial energy users, which
consists of contracts, day-ahead optimization, adjustment, and
real-time balancing with the goal of minimizing the electricity
cost [21]. Blockchain can also be combined with deep learning
technology to incorporate a new P2P energy trading system to
achieve high throughput [22]. SDNs can be used to enhance the
flexibility and effectiveness of the energy internet to facilitate
large-scale P2P energy delivery [23]. Several other applications
in a P2P energy-sharing framework in DN are evaluated (e.g.,
electric vehicles [24]).

Currently, to facilitate energy trading among the DERs, the
different DN usage charges are analyzed to promote the use of
renewable energy in the local DN. In [25], the network charges
for the costs of using common infrastructure and services are

considered in an exogenous way, such as via electrical distance.
The P2P transaction is also charged with the extra cost associated
with the physical energy exchanged, such as losses [26]. To
guarantee economic efficiency and fairness, a graph-based loss
allocation framework that harmonizes the physical attributes
and financial transactions has been presented [27]. In practice,
U.K. has already set policies of common distribution charg-
ing methodology and extra high voltage distribution charging
methodology, which includes the distribution network operators
to get their revenue from customers through distribution use
of system charges [28]. In this article, the focus is placed on
China’s policies [29]. To accelerate the development of DER
and determine the problems of the market, public service, and
management system, P2P energy sharing is based on power
exchange to set up the regional distributed generation trading
platform. The transaction is between the DERs that is less than
20 MW (in 35 kV network) and the nearby users in the DN.
The utility grid organizes the market-oriented transaction and
charges the network usage fees. Generally, there are two forms
of network usage fees: 1) free network usage, where the energy
flow between the prosumers is at the same voltage level as
a distribution line; and 2) network usage fee charged by the
amount of the traded energy, where the utility grid charges for
P2P trading as the energy flow crosses the different voltage
levels of distribution lines. With this, the DN can be divided
into energy-sharing regions (ESRs) with the different network
usage fees. Also, the large industrial and commercial prosumers
usually have more than one access point into the DN. This means
the prosumers can select the access point, and thus, reduces
network usage fees and increases their utilities.

In this article, the work presented in [30] is extended, involv-
ing the DN, multiple ESRs, and the selective access points of
prosumers that are patterned in the energy-sharing framework.
The main contributions include the following.

1) An energy-sharing framework with multiple ESRs and
selective access points of prosumers is created, where an
energy-sharing provider (ESP) is employed to provide a
dynamic pricing scheme for ESRs while the prosumers
have the DR capacity to join a connected ESR.

2) An optimal profit maximization model is suggested for
the ESP operation, enabling the ESP to set the different
internal prices of ESRs and network usage charges.

3) A utility model for ESR selection and load adjustment
is proposed for the prosumers, which allows them to
adjust their flexible load and autonomously participate
in a particular ESR to optimize their utilities.

II. FRAMEWORK

A. Topology of the System

The entities in the energy-sharing system are PV prosumers
equipped with a user energy management system (UEMS), an
ESP, and the utility grid. With the competence of production
and consumption of PV prosumers, they act either as a seller or
buyer based on their profits. The system adopts the dual-radial
connection mode that is typical in China, in which prosumers
are supplied with at least two feeders and possess the switches to
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Fig. 1. Topology of the distribution networks.

access different ESRs [31]. According to the network usage fee
cited in [29] and multipoint access of prosumers, the topology
of the energy-sharing system with multi-ESR partitioned by
transformers is shown in Fig. 1. The DN is grouped into N ESRs
according to the range covered by the transformers. Moreover,
taking PV prosumer 7 as an example, it links to ESR2 or ESR3
with the different switches.

B. Energy-Sharing Mode

Based on the energy trading policy in DN, energy sharing can
be grouped into two types.

1) Inside an ESR. In general, energy is initially shared by
the P2P mode inside one ESR when PV prosumers’
self-product energy is a surplus or deficit and the energy-
sharing process is not crossing the different voltage levels
so there is free network usage fee.

2) Interdifferent ESRs. When selling or buying energy in one
ESR, this cannot be balanced. The unbalanced energy
will be trading interdifferent ESRs by crossing voltage
levels to strike a balance with the ESP coordination.
For example, the energy-sharing process crosses 10 kV
and 110 kV networks with the different transmission–
distribution prices λmed and λhigh, respectively. This
will be charged for the network usage fee Δλ = λmed −
λhigh per kWh.

According to the regulation of the DER market transactions,
DERs and prosumers can directly trade energy so that the P2P
energy-sharing method proposed in this article can be realized
[29]. The policy also points out that a market-based sharing
platform for DERs and prosumers will be established to organize
P2P energy sharing. In the current energy market of China, en-
ergy retailers can replace the role of ESPs suggested in this article

to organize the P2P energy sharing. In addition, some emerging
new business entities can also adopt such P2P energy-sharing
business models, such as grid-connected MGs operators.

C. ESP and Prosumer Strategy

ESP is an intermediary agent that coordinates the sharing
activities among PV prosumers and utility grid with the function
to create the internal dynamic prices of ESRs. In this article’s
framework, the ESP profit is impacted by the energy-sharing
modes. There is a free network usage fee when energy sharing
occurred inside an ESR, whereas the energy sharing in the inter-
different ESRs will be charged for a network usage fee. There-
fore, ESP should have the rationale to maximize the operating
profit by using a multiregional pricing strategy that provides the
different internal prices of ESRs. Through differentiated energy
sharing prices, the renewable energy consumption features are
affected. The ESP is set to pay the network usage fee, as it
is the organizer of energy sharing and can get profit from the
trading.

In the mechanism of multi-ESR pricing, PV prosumers can
use DR strategies of ESR selection and load adjustment to max-
imize their profits, which include the two strategies. First, there
is the flexible load management. The different load demands
can change the unbalanced energy inside an ESR that may
cause different profits. Second there is the ESR selection. The
switches of PV prosumers are high-speed switching devices,
which allow PV prosumers to choose an alternative access point
autonomously to participate in the different ESRs, which is
affected by the internal prices set by ESP to trade with other
prosumers in energy sharing. Thus, each prosumer has two
variables, such as self-consumption energy (i.e., load demand)
and ESR selections.
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III. SYSTEM MODEL

A. ESP Profit Model

The internal prices of multi-ESR determined by ESP are
expressed as

Ps =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

ps1,1 · · · ps1,h · · · ps1,H

...
...

...

psn,1 · · · psn,h · · · psn,H
...

...
...

psN,1 · · · psN,h · · · psN,H

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

Pb =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

pb1,1 · · · pb1,h · · · pb1,H

...
...

...

pbn,1 · · · pbn,h · · · pbn,H
...

...
...

pbN,1 · · · pbN,h · · · pbN,H

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (1)

Let gb,h and gs,h denote the buying and selling prices of the
utility grid, respectively; the constraint of the internal prices is
set as [8], [30]

gs,h < psn,h < pbn,h < gb,h. (2)

The values of gs,h and gb,h are determined by the feed-in tariff
of PV energy of some countries. Generally, the selling prices are
lower than the buying prices to encourage local consumption of
PV energy. According to the business model of ESP, the profit
comes from the difference between the internal prices and the
utility grid prices and is affected by the network losses. The
internal buying prices should be greater than the internal selling
prices.

With multi-ESR pricing strategy and different network usage
fees, the profit function of the ESP is formed by a three-part
series: trade with prosumers, trade with the utility grid, and
network usage fee

R (pbn,h, psn,h) =⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

∑N
n=1 pbn,hEbn,h−

∑N
n=1 psn,hEsn,h + gb,h (Es,h − Eb,h)

− (λmed − λhigh)Es,h Eb,h > Es,h∑N
n=1 pbn,hEbn,h −∑N

n=1 psn,hEsn,h+gs,h (Es,h − Eb,h)

− (λmed − λhigh)Eb,h Eb,h ≤ Es,h

.

(3)

Eb,h and Es,h can be expressed as follows:

Es,h =

N∑
n=1

Esn,h, Eb,h =

N∑
n=1

Ebn,h. (4)

The total amount of energy buying and selling in ESR n at
time slot h can be further described as

Esn,h =
∑
i∈S

lni,hEsi,h, Ebn,h =
∑
i∈B

lni,hEbi,h. (5)

When lni,h = 1, it means prosumer i selects to participate in
ESR n at time slot h. According to the open-loop principle for the
operation of DN, the prosumer i is only permitted to participate
in one ESR at each time slot, which is denoted as l−ni,h = 0,
where l−ni,h = [l1i,h, . . . l(n−1)i,h, l(n + 1)i,h, . . . lNi,h]
n ∈ [1, 2, . . . N ].

When Eb,h > Es,h, the network usage fee in (3) is
(λmed − λhigh)Es,h and the energy (Es,h − Eb,h) trade with
the utility grid with the price gb,h, whereas when Eb,h ≤ Es,h,
the network usage fee in (3) is (λmed − λhigh)Eb,h, and the
energy (Es,h − Eb,h) trade with the utility grid with the price
gs,h. Taking Eb,h > Es,h for analysis, the buying and selling
energies from prosumers are balanced in one ESR, and then
the surplus selling energy from the different ESRs initially be
traded with other ESRs with surplus buying energy. This should
be exchanged across 10 kV and 110 kV power lines and need to
pay the network usage fee. Then, the rest of buying energy will be
traded with the utility grid to attain the energy balance in the DN.

There will be some constraints in DN, such as AC power
balanced, power line capacity (i.e., congestion) and voltage
deviation [32], [33], which keep the normal operation of the
DN. The voltage is assumed to be regulated by the utility
grid to meet the operational requirements. The constraints of
energy balance should always be satisfied in the energy-sharing
mechanism. The power line capacity, the 10-kV transformer and
power feeder, is generally checked by the distributed services
operator (DSO), and the interaction between the ESP and DSO
is expressed as follows.

1) The ESP and prosumers determine the P2P energy-
sharing mechanism, i.e., their strategies.

2) The information obtained by the ESP and prosumer will
send to the DSO to check whether the power flow ex-
ceeds the power line transmission capacity and results
in congestion. If there is overload in the power line,
the power line transmission capacity will be a constraint
added to the next optimization process to obtain the new
energy-sharing schedule.

The constraints of energy balance and power line capacity can
be expressed as follows:

|Es,h − Eb,h|+ Eloss,h = Eg,h (6)

|Esn,h − Ebn,h| ≤ Emax,h n ∈ [1, 2, . . . N ] (7)

|Esi,h| ≤ pli |Ebi,h| ≤ pli i ∈ [1, 2, . . .M ] (8)

where Eloss,h can be acquired from the smart meters of pro-
sumers.

B. Utility Model of Prosumer

As large industrial users, PV prosumers can adjust the energy
consumptions and ESR selection variables (i.e., turn ON/OFF the
switches) that affect the buying and selling energy in an ESR.
In the energy-sharing framework, the two variables are used by
the internal prices set by ESP.

In the DN, there are M prosumers divided by MB = |B|
buying prosumers and MS = |S| selling prosumers. The energy
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consumption of each prosumer can be decided by itself

Esi,h = Ei,h − xi,h Ebi,h = xi,h − Ei,h. (9)

The utility function of PV prosumers can be defined as
follows:

Vi,h (xi,h, l1i,h, · · · , lni,h)

=

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

ki,h ln(1 + xi,h) +
N∑

n=1
lni,hpsn,h

(
Ei,h − xi,h

)
+ γEi,h Ei,h − xi,h > 0

ki,h ln(1 + xi,h) +
N∑

n=1
lni,hpbn,h

(
Ei,h − xi,h

)
+ γEi,h Ei,h − xi,h ≤ 0

(10)

where the utility function is divided into three parts. The first
part ki,h ln(1 + xi,h) means the utility by using energy xi,h.
It is noted that ki.h is a preference parameter of prosumer i
in time slot h and changes with the behavioral characteristics
of the prosumer. ln(·) has been widely used in economics for
modeling the preference ordering of users and decision making.
Also, recently, it has been shown to fit for designing the utility of
energy consumers [34]. The second part lni,hpsn,h(Ei,h − xi,h)
or lni,hpbn,h(Ei,h − xi,h) represents the profit or cost of energy
sharing. The prosumers may opt to link the different ESRs by
ESR selection variables lni,h to maximize utilities. The third
part γEi,h is the subsidy of PV energy from the government.

Based on the open-loop operation requirement of DN, each
prosumer can only trade with only one ESR in a time slot. More-
over, the loads (i.e., consumption) can generally be classified
as fixed or flexible loads [35]. Thus, the energy consumption
should have upper and lower bounds. Therefore, there are three
constraints for the utility model

N∑
n=1

lni,h = 1, lni,h = {0, 1} (11)

ximin,h < xi,h < ximax,h. (12)

For the two variables, xi,h is a general variable, whereas
lni,h is an integer variable (only 0/1). Thus, the utility function
is a nonlinear mixed integer programming problem, which is
complicated to resolve. For simplicity, (10) can be further
changed into a splitting function. Consider Ei,h − xi,h ≤ 0 for
analysis⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

V 1hi
(
xh
i (1)

)
= khi ln(1 + xh

i (1))

+ phb1

(
Eh

i − xh
i (1)

)
l1i = 1

...

V nh
i

(
xh
i (n)

)
= khi ln(1 + xh

i (n))

+ phbn
(
Eh

i − xh
i (n)

)
lni = 1

...

V Nh
i

(
xh
i (N)

)
= khi ln(1 + xh

i (N))

+ phbN
(
Eh

i − xh
i (N)

)
lNi = 1

. (13)

Fig. 2. Schematic diagram of the interaction of ESP and prosumers.

It is easy to prove that the utility function is convex while the
maximum value can be taken from the extremum

xi,h =
ki,h∑N

n=1 lni,h · pbn,h
− 1. (14)

Equation (14) also has a splitting form⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

xi,h (1) = ki,h/pb1,h − 1 l1i,h = 1
...

xi,h (n) = ki,h/pbn,h − 1 lni,h = 1
...

xi,h (N) = ki,h/pbN,h − 1 lNi,h = 1

. (15)

Thus, based on the internal prices psn,h and pbn,h set by ESP,
the prosumers can calculate the participating optimal consump-
tion in each ESR. Finally, the prosumers compare the results of
energy consumption and identify the most profitable scenario.

IV. STACKELBERG GAME MODEL AND ALGORITHM

A. Stackelberg Game Model

The Stackelberg game is a theory used to provide solutions
for the asymmetric competition among multiagents. The par-
ticipants are grouped as leaders and followers, where time dif-
ferences exist between them in making decisions. First, leaders
make strategies, whereas followers interact to maximize their
benefits [36], [37]. There is only one optimal solution called
Stackelberg equilibrium (SE), which leads both players to max-
imize the profit.

In the energy-sharing framework, ESP acts as the leader with
multi-ESR pricing strategy, which sets dynamic internal prices
in the different ESRs considering the energy consumption and
balance inside an SE. The PV prosumers act as the followers,
who can do DR based on the internal prices set by ESP. The DR
strategies may include ESR selection and load adjustment. The
interaction between ESP and prosumers is shown in Fig. 2.

The game between ESP and prosumers is defined by the
strategic form as follows:

K =

{
(M ∪ ESP) , {Xh} , {Lh} , {P s,h} ,

{P b,h} , {V h} , {Rh}

}
(16)
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where Xh and Lh are the optimal energy consumptions and the
optimal ESR selection variables provided by all prosumers based
on the internal prices set by ESP, respectively; P s,h and P b,h

are the internal selling and buying prices of each ESR set by ESP
based on prosumer’s inclined (e.g., consumption, role, ESR se-
lection, and PV generation), respectively; V h is the profit func-
tion of prosumers, which depends on their consumption, ESR
selection, and subsidies; Rh is the profit function of ESP, which
is based on the shared energy, the unbalanced energy traded with
the utility grid, and the network usage fee between ESR.

In gameK, the ESP and prosumers are set to get the maximum
profit. For this purpose, one feasible solution is SE where
the leader attains its optimal prices with the followers’ best
responses.

Definition 1: There has a unique SE in the given Stackelberg
game K such as (X ′

i,h, l
′
ni,h, p

′
sn,h, p

′
bn,h), if and only if it

satisfies the following set of inequalities:

Vi,h

(
X ′

i,h, l
′
ni,h, p

′
sn,h, p

′
bn,h

)
≥ Vi,h

(
xi,h,X

′
−i,h, lni,h, p

′
sn,h, p

′
bn,h

)
∀i ∈ M, ∀xi,h ∈ Xi,h, ∀lni,h ∈ Li,h (17)

Rh

(
X ′

i,h, l
′
ni,h, p

′
sn,h, p

′
bn,h

) ≥ Rh

(
X ′

i,h, l
′
ni,h, psn,h, pbn,h

)
∀pbn,h ∈ P bn,h, ∀psn,h ∈ P sn,h (18)

where X ′
−i,h = [x′

1,h, x
′
2,h, · · · , x′

i−1,h, x
′
i+1,h, · · · , x′

M,h].
When all participants (such as ESP and prosumer) reach SE

equilibrium, they can attain the maximum profits. ESP cannot
increase profit by solely modifying its pricing. Similarly, the
prosumers cannot increase the profit by simply reselecting the
ESR or adjusting the energy consumption.

Theorem 1: The unique SE always exists in the proposed
Stackelberg game K between the ESP and prosumers.

Proof: Compared with the Stackelberg game presented in
[30], the ESR selection variables are added into the utility
function (10) of prosumers and multi-ESR into profit function
(3) of ESP. It is given in (10), (13), and (15), where the utility
function of the prosumers is strictly concave with respect to
xi,h, lni,h, ∀i /∈ M, andn ∈ N .

To show the uniqueness of SE in-game K, the uniqueness
of the optimized prices p′bn,h and p′sn,h should be proven. By
substituting (9) and (15) into (5) with each lni,h, the following
can be obtained:

Ebn,h =

∑
i∈B lni,h · ki,h

pbn,h
−
∑
i∈B

lni,h −
∑
i∈B

lni,h · Ei,h

Esn,h =
∑
i∈S

lni,h · Ei,h −
∑

i∈S lni,h · ki,h
psn,h

+
∑
i∈S

lni,h. (19)

When Eb,h > Es,h, the objective function of ESP can be
achieved by substituting (19) into (3) as follows:

maxR (pbn,h, psn,h)

=
∑
n∈N

pbn,h

(∑
i∈B lni,h · ki,h

pbn,h
−
∑
i∈B

lni,h −
∑
i∈B

lni,h · Ei,h

)

−
∑
n∈N

psn,h

(∑
i∈S

lni,h · Ei,h −
∑

i∈S lni,h · ki,h
psn,h

+
∑
i∈S

lni,h

)

+ gb,h

(∑
n∈N

(∑
i∈S

lni,h · Ei,h−
∑

i∈S lni,h · ki,h
psn,h

+
∑
i∈S

lni,h

)

−
∑
n∈N

(∑
i∈B lni,h · ki,h

pbn,h
−
∑
i∈B

lni,h −
∑
i∈B

lni,h · Ei,h

))

−Δλ
∑
n∈N

(∑
i∈S

lni,h · Ei,h −
∑

i∈S lni,h · ki,h
psn,h

+
∑
i∈S

lni,h

)
.

(20)

Because Eb,h ≤ Es,h is similar to Eb,h > Es,h, their differ-
ences are that the utility gb,h changes to gs,h and the network
usage fee changes to

Δλ
∑
n∈N

(∑
i∈B lni,h · ki,h

pbn,h
−
∑
i∈B

lni,h −
∑
i∈B

lni,h · Ei,h

)
.

(21)
Consequently, the feasible region Ω is divided into Ω1 and

Ω2 according to Eb,h and Es,h, and (p(bn1,h), p(sn1,h)) ∈ Ω1,
(p(bn2,h), p(sn2,h)) ∈ Ω2 is defined. It is shown that

Ω1 ∪ Ω2 = Ω, Ω1 ∩ Ω2 = ∅. (22)

With the different ESR n, just the sum in R and different
sums of the terms do not change the convexity, the N = 2 is set
to analyze the Hessian matrix when Eb,h > Es,h The Hessian
matrix H of R with respect to p(sn,h) and p(bn,h) is as follows:

H = diag

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

− (1 + 20gb,h)
∑
i∈B

l1i,h · ki,h/10p3
b1,h,

−2gb,h
∑
i∈S

l1i,h · ki,h/p3
s1,h

− (1 + 20gb,h)
∑
i∈B

l2i,h · ki,h/10p3
b2,h,

−2gb,h
∑
i∈S

l2i,h · ki,h/p3
s2,h

⎫⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎭

. (23)

When Eb,h ≤ Es,h, the situation is similar. Considering
that ki,h > 0, pbn,h > 0, psn,h > 0, gb,h > 0, gs,h > 0, ∀i ∈
M, ∀h ∈ H, ∀n ∈ N , H is the negative definite and R is strictly
concave with respect to psn,h and pbn,h. Therefore, the optimal
internal prices (p′sn1,h, p′bn1,h) and (p′sn2,h, p′bn2,h) are existent
and unique in Ω1 and Ω2. The optimal prices in Ω are given as
follows:(
pbn,h

′, p′sn,h
)

= arg max
(pbn,h,psn,h)

(R (pbn1,h
′, psn1,h

′) , R (pbn2,h
′, psn2,h

′)) .

(24)

Then, the ESP can provide the optimal internal prices
(p′sn,h, p

′
bn,h) to maximize its profits. Thus, there exists a unique

SE and Theorem 1 is proved.

B. Solution Process of the Game

By establishing∂2V ni,h/∂(xi,h(n))
2 < 0 when∀i ∈ M , it is

noted that the utility function V ni,h of the prosumers is strictly
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Algorithm 1.
1. Input the initial date and set the parameters, γ,

λmed − λhigh, gb,h and gs,h, gb,h and gs,h, will be set
as the initial prices, respectively.

2. For each time h ∈ H
3. Each prosumer calculates the value of ki,h by Eq. (15)

and selects the role of the seller or buyer, then submits
the initial data ki,h, lni,h, and their role.

4. Optimize psn,h and pbn,h by solving the nonlinear
constrained programming by interior point method.
Max Rh

s.t.
gs,h < psn,h < pbn,h < gb,h
Eb,h > Es,h, buyer > 0
Eb,h ≤ Es,h, seller > 0

The objective function Rh can be calculated based on
(20).

5. If seller = 0 and buyer = 0, set psn,h and pbn,h equal
to gb,h and gs,h, respectively.

6. Send ESP prices to each prosumer
7. Each prosumer calculates the value of x′

i,h, chooses
the best l′ni,h, and estimates their profits.

8. End for

convex at xi,h ∀i ∈ M . That is, in one ESR, the consumption
xi,h of prosumers will be uniquely based on the internal prices
set by ESP. So, Stackelberg game K achieves SE when both
consumption xi,h and internal prices psn,h and pbn,h are optimal
solutions. Because of the formulas and constraints of the ESP
and prosumers’ profit are cited earlier, Stackelberg game K can
be solved by a centralized algorithm to achieve the maximum
profit. The implementation is seen in Algorithm 1.

To implement the function of coordinating the P2P energy
sharing and setting the dynamic internal prices, a server should
be deployed in the ESP. On the prosumer side, the UEMS
with smart meters should be used to execute their strategies.
In addition, the interaction between the prosumer and ESP is
realized via an advanced metering infrastructure system [38].

V. CASE STUDY

A. Basic Data

An industrial park of the DN in Guangdong Province, China,
is used as the study case. This involves 15 PV prosumers while
the DN is grouped into three ESRs (e.g., N= 3) by 110 kV/10 kV
transformers, as shown in Fig. 3. The load information shown in
Fig. 3 is the netload of each prosumer at time slot 7 (i.e., the first
time slot), and all the possible ESR selections are also expressed.
Each prosumer will access a certain ESR determined by an initial
ESR selection strategy. Moreover, each prosumer can be part of
the different ESRs based on the connections. However, this only
enables to connect one ESR in the one-time slot because of an
open-loop operation requirement. The ESR selection variables
only can be set as 0 or 1. The data of energy consumption, PV
generation, and netload per hour are collected from the smart

Fig. 3. Topology of the case study.

Fig. 4. Consumption, PV generation, and netload of PV prosumers in
each ESR. (a) Original consumption. (b) Original PV energy. (c) Original
netload.

meters installed in the prosumer side (see Fig. 4). Based on the
netload, prosumers act as sellers or buyers in an ESR, using the
internal prices set by ESP to trade with other prosumers. The
PV subsidies, γ = 0.378, where the price of utility grid adopts
feed-in tariff of distributed PV energy in most Chinese areas,
gs,h and gb,h are set as 0.4 and 1.0 CNY/kWh, respectively.
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Fig. 5. Internal prices set by ESP.

The transmission–distribution prices are set as λmed = 0.45 and
λhigh = 0.40 CNY/kWh [29].

B. Analysis of the Results

1) Results of Internal Prices: Fig. 5 shows the internal prices
of the different ESRs set by ESP. Based on the results, it can be
seen that the internal prices of the different ESRs are tightly
correlated with the original netloads of ESRs, as shown in
Fig. 4(c). Considering the different profiles of the three ESRs
netloads, the results of pricing can be analyzed into two aspects.

a) Internal prices of ESR1 and ESR2: In time slots 7
and 15–19, the internal buying prices are nearly similar to the
utility grid, whereas the internal selling prices are higher than
the utility grid. The reason is that the PV energy in these time
slots is insufficient. Thus, ESP stimulates the prosumers to sell
more energy by increasing the internal selling prices.

In time slots 10–14, the internal selling prices are approx-
imately equal to that of the utility grid, whereas the internal
buying prices are lower than the utility grid. The results show that
the ESP turns down the internal buying prices and then motivates
the prosumers to increase the consumption of PV energy.

b) Internal prices of ESR3: The results of the internal
buying prices in ESR3 are different from the ESR1 and ESR2.
In Fig. 5, the internal buying prices in ESR3 are equal or near
the price of the utility grid, mostly in every time slot. This is
mainly brought by the original netload of ESR3, which is all
positive and the PV energy is a scarce resource. In contrast, the
internal selling prices are higher than the price of the utility grid,
especially in the time slots with insufficient PV energy.

2) Results of Prosumer Actions: After the results of the
internal prices of the different ESRs, the prosumers are be-
ing incentivized to change a participated ESR and the energy
consumptions. Fig. 6(a) shows the optimal netloads of the
three ESRs, whereas Fig. 6(b) shows the sharing energy of
the ESRs. Aside from the results presented in Fig. 6(a), the
number of participating prosumers in the three ESRs is listed
in Table I.

Fig. 6. Optimized netload and its standard deviation compared with
the original. (a) New netload. (b) Sharing energy.

TABLE I
SUMMARY OF ESR SELECTION VARIABLES IN EACH ESR

In Fig. 6(a) and Table I, it is noted that ESR selection variables
and netloads are different from the original in all the time slots.
For instance, in time slots 7–10, the buyer has the main function,
since the PV energy is scarce and the selection in ESR3 has
turned to ESR1 and ESR2 with the reduced buying prices. This
leads to the new netload in Fig. 6(a) focused on ESR1 and ESR2.
However, in time slots 13–15, the netloads fluctuate to zero, as
the PV energy is sufficient in these time slots, where the current
selling and buying prosumers in each ESR work together to
increase the profit of ESP by boosting the sharing energy inside
the ESR. In this case, the ESR selections in the three ESRs
are in desperation. Furthermore, in time slots 18–19, the energy
refocuses on ESR1 and ESR2 to minimize the dispersion of
energy for the convenience of ESP to selling the energy.

Fig. 6(b) shows that the total sharing energy within ESRs is
reduced from 23.5 to 16.56 MW in all the time slots. Thus, it is
shown that the optimal results increase the sharing energy inside
an ESR for a higher ESP profit and minimize the sharing energy
in the inter ESRs for a reduced network usage fee, as compared
with the original setting.
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Fig. 7. Load distribution and main power flow in time slot 7.

Fig. 8. Load distribution and mainly power flow in time slot 13.

3) Results of Power Flow in the DN: After the Stackelberg
game K, the prosumers and ESP will obtain their optimal
strategies. Because the load distribution and ESR selection of
prosumers are different from the initial distribution and selec-
tion, the power flow of the system will change. In addition, the
netload within each ESR will also be different. Therefore, the
power line capacity should be checked following the steps listed
in Section III. The Matpower toolbox in MATLAB was used
to calculate the power flow of the system, and the results are
presented in Figs. 7 and 8.

Fig. 7 illustrates the load distribution and main power flow of
the optimal strategies of the prosumer in time slot 7, which is the

Fig. 9. Profit of ESP.

same time slot as that presented in Fig. 3. It is clear that the ESR
selection of the prosumer has changed, and due to the low PV
production, the load information of the prosumer is the same as
before. However, with the different ESR selections, the netloads
in each ESR are different from the original netload, resulting in
the change of the power flow of the DN. In addition, the power
flow on each power line is satisfied the constraints of power line
capacity, and network losses of the entire system are 0.204 MW.

Fig. 8 illustrates the main power flow and load distribution of
the optimal strategies of the prosumer in time slot 13, which is
one of the time slots with the most PV production. Combined
with Fig. 7, it can be seen that with the increase in PV production,
the role of prosumers changes to the seller role from the buyer
role (i.e., a negative netload appears). Under the influence of
dynamic internal prices, prosumers also adjust the load distri-
bution and ESR selection, so that the load distribution in each
ESR changes, resulting in the new power flow. Additionally, the
network loss of the system is 0.167 MW (except for the power
losses in the 110 kV power line), which is lower than the network
loss with less PV production.

C. Comparing With the Method Without
Multi-ESR Pricing Strategy

To show the advantage of multi-ESR pricing strategy, the
results with the method presented in [30] are compared. The
three scenarios include 1) optimized and regional, 2) optimized
and unregional [30], and 3) unoptimized and regional.

Fig. 9 shows the hourly profit of ESP in the three scenarios.
The profit of ESP in the optimal and regional scenarios is higher
compared with others all the time, especially in time slots 12–16.
At this time, they have the most PV energy. Also, it is noted that
the ESP profit basically comes from PV energy. Moreover, the
difference in the profits between regional and unregional is also
based on the network usage fee. Without a multiregional pricing
strategy, all prosumers will select different ESRs at random,
which increases the unbalanced energy in each 10 kV side,
indicating a higher network usage fee. Also, the unoptimized
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Fig. 10. Profit of the PV prosumers.

Fig. 11. Aggregated netload profile of all the prosumers.

profit of the ESP is lower than the optimized in all available
times.

Fig. 10 shows the hourly profits of PV prosumers in the three
scenarios. The optimized and regional profits are higher in time
slots 9–17, highlighting that the multi-ESR pricing strategy has
a more profitable strategy than other scenarios. This is the reason
prosumers can operate more flexible with the DR strategies of
ESR selection and load adjustment. However, in time slots 7-
8 and 18-19, PV energy is reduced and the regional profit is
equal to the unregional profit. Such phenomenon shows that the
advantage of multi-ESR pricing strategy decreases when PV
energy is low, but there are many time slots that PV energy is
high within the day.

By combining Fig. 9 and 10, it can be concluded that the
multi-ESR pricing strategy and DR strategies of ESR selection
and load adjustment can increase the profits of PV prosumers
and ESP. This can be done by setting the different internal prices
and considering the ESR selection variables of the prosumers.

Fig. 11 shows the aggregated netload profiles of all the pro-
sumers. The netload profile that uses the optimized and regional
methods has the lowest impact on the utility grid in time slots
11–15 when there is more PV energy.

D. Analysis of the Practical Realization

For Stackelberg game K, a centralized algorithm is designed
to resolve it. Initially, the prosumers provide the original energy
consumption, PV energy generation, ESR selection, and partic-
ipating role (buyer or seller) to the ESP. Then, the ESP can set
the internal prices psn,h and pbn,h and return it to the prosumers.
The prosumers create their new strategies based on the internal
prices to optimize their profits. Ultimately, both the prosumers’
and ESP’s profits are maximized at SE. In this process, only a few
kB of information needs to be exchanged between the prosumers
and ESP, which can almost instantaneously be completed by
the existing advanced equipment and sensors of the distribution
network. Furthermore, a computer with Intel Core i5-8250 CPU
1.60 GHz, 16 G memory, and MATLAB 2018a is used as the
testing environment for the algorithm. For the proposed model
with multi-ESR, the calculation time is 1.104 s and that for
the model without ESR partition is 0.728 s. Both calculation
times are measured in seconds, and the computation complexity
will not increase with the number of the prosumers since the
computation complexity is O (1).

VI. CONCLUSION

In this article, a P2P energy-sharing framework was pro-
posed based on Stackelberg game with multiregional pricing
strategy in the ESP and DR strategies of ESR selection and
load adjustment in the prosumers. Based on the framework, a
profit model of ESP was created considering the differentia-
tion dynamic internal prices. Also, a utility model of the pro-
sumers was designed, including the ESR selection and flexible
load. For the ESP and prosumers, the framework can increase
energy-sharing flexibility by formulating the multi-ESR pricing
strategy of ESP and the DR strategies of the prosumers. As for the
DN, the framework can reduce the negative impact of PV energy
on the utility grid. Moreover, the rationale and possible responses
of the different PV prosumers were considered in this article.
Through the realistic data from a demonstration project, it can
be concluded that the ESP and prosumers can increase profits
compared with utility grid prices and unregional scenarios. Also,
the energy sent into the utility grid was mildly benefiting the
stability of a utility grid. Thus, for the real DN in Guangzhou
Province, China, it highlights the potential benefits of the P2P
energy-sharing framework in the practical operation. Future
work will include an investigation of the dynamic ESR partition-
ing method to better adapt it to the DN and of a day-ahead busi-
ness model with time-coupled flexible load to better fit complex
application.
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trading under network constraints in a low-voltage network,” IEEE Trans.
Smart Grid, vol. 10, no. 5, pp. 5163–5173, Sep. 2019.

[27] A. I. Nikolaidis, C. A. Charalambous, and P. Mancarella, “A graph-based
loss allocation framework for transactive energy markets in unbalanced
radial distribution networks,” IEEE Trans. Power Syst., vol. 34, no. 5,
pp. 4109–4118, Sep. 2019.

[28] Distribution Charging Methodologies. Energy Networks Association,
U.K. and Ireland. [Online]. Available: http://www.energynetworks.org/
electricity/regulation/distribution-charging/distribution-charges-overvi
ew.html

[29] Notice on Carrying Out Pilot Market Trading of Distributed Power Gener-
ation. National Development and Reform Commission, National Energy
Administration, China, 2017. [Online]. Available: http://zfxxgk.nea.gov.
cn/auto87/201711/t20171113_3055.htm

[30] N. Liu, X. Yu, C. Wang, and J. Wang, “Energy sharing management
for microgrids with PV prosumers: A stackelberg game approach,” IEEE
Trans. Ind. Inform., vol. 13, no. 3, pp. 1088–1098, Jun. 2017.

[31] The Guide for Planning and Design of Distribution Network, China
National Standards, Standard DL/T 5729-2016, China, 2016.

[32] C. Zhang, Q. Wang, J. Wang, P. Pinson, J. M. Morales, and J. Østergaard,
“Real-time procurement strategies of a proactive distribution company
with aggregator-based demand response,” IEEE Trans. Smart Grid, vol. 9,
no. 2, pp. 766–776, Mar. 2018.

[33] Z. Wang, B. Chen, J. Wang, and J. Kim, “Decentralized energy man-
agement system for networked microgrids in grid-connected and is-
landed modes,” IEEE Trans. Smart Grid, vol. 7, no. 2, pp. 1097–1105,
Mar. 2016.

[34] S. Maharjan, Q. Zhu, Y. Zhang, S. Gjessing, and T. Basar, “Depend-
able demand response management in the smart grid: A Stackelberg
game approach,” IEEE Trans. Smart Grid, vol. 4, no. 1, pp. 120–132,
Mar. 2013.

[35] Z. Lan, Z. Xueying, Z. Xiao-Ping, Y. Zheng, G. Shuxin, and T. Longjun,
“Integrated resources planning in microgrids considering interruptible
loads and shiftable loads,” in J. Modern Power Syst. Clean Energy, vol. 6,
no. 4, pp. 802–815, 2018.

[36] T. Basar and G. J. Olsder, Dynamic Noncooperative Game Theory.
Philadelphia, PA, USA: SIAM, vol. 23, 1999.

[37] N. Liu, L. He, X. Yu, and L. Ma, “Multiparty energy management for
grid-connected microgrids with heat- and electricity-coupled demand
response,” IEEE Trans. Ind. Informat., vol. 14, no. 5, pp. 1887–1897,
May 2018.

[38] N. Liu, J. Chen, L. Zhu, J. Zhang, and Y. He, “A key management
scheme for secure communications of advanced metering infrastructure
in smart grid,” IEEE Trans. Ind. Electron., vol. 60, no. 10, pp. 4746–4756,
Oct. 2013.

Liudong Chen (Student Member, IEEE) is cur-
rently working toward the master’s degree in
electrical engineering with the School of Elec-
trical and Electronic Engineering, North China
Electric Power University, Beijing, China.

His current research interests include distribu-
tion system optimization, smart grids, and edge
computing.

Authorized licensed use limited to: Columbia University Libraries. Downloaded on November 17,2024 at 19:08:21 UTC from IEEE Xplore.  Restrictions apply. 

https://dx.doi.org/10.1109/TEM.2019.2922936
http://www.energynetworks.org/penalty -@M electricity/regulation/distribution-charging/distribution-charges-overvipenalty -@M ew.html
http://zfxxgk.nea.gov.cn/auto87/201711/t20171113_3055.htm


CHEN et al.: P2P ENERGY SHARING IN DNs WITH MULTIPLE SHARING REGIONS 6771

Nian Liu (Member, IEEE) received the B.S. and
M.S. degrees in electric engineering from Xiang-
tan University, Hunan, China, in 2003 and 2006,
respectively, and the Ph.D. degree in electrical
engineering from North China Electric Power
University, Beijing, China, in 2009.

He is currently a Professor with the School
of Electrical and Electronic Engineering, North
China Electric Power University. He is also a
Member of the State Key Laboratory of Alter-
nate Electrical Power System With Renewable

Energy Sources and a Member of the Standardization Committee of
Power Supply and Consumption in Power Industry of China. He was a
Visiting Research Fellow with the Royal Melbourne Institute of Technol-
ogy (RMIT) University, Melbourne, VIC , Australia, from 2015 to 2016.
He has authored or coauthored more than 160 journal and conference
publications and has been granted for more than 10 patents of China.
His current major research interests include multienergy system integra-
tion, microgrids, cyber-physical energy system, and renewable energy
integration.

Dr. Liu is an Editor of the IEEE TRANSACTIONS ON SMART GRID, IEEE
TRANSACTIONS ON SUSTAINABLE ENERGY, IEEE POWER ENGINEERING LET-
TERS, and Journal of Modern Power Systems and Clean Energy.

Jianhui Wang (Senior Member, IEEE) received
the Ph.D. degree in electrical engineering from
Illinois Institute of Technology, Chicago, IL, USA,
in 2007

He is currently an Associate Professor with
the Department of Electrical and Computer En-
gineering, Southern Methodist University, Dal-
las, TX, USA. He has authored or coauthored
more than 300 journal and conference publi-
cations, which have been cited for more than
20 000 times by his peers with an H-index of 69.

He has been invited to give tutorials and keynote speeches at major
conferences including IEEE Innovative Smart Grid Technologies (IEEE
ISGT), IEEE Smart Energy Grid Engineering (IEEE SEGE), IEEE High
Performance and Smart Computing (IEEE HPSC), Inven Global Esports
Conference (IGEC-XI).

Dr. Wang is the past Editor-in-Chief of the IEEE TRANSACTIONS ON
SMART GRID and an IEEE PES Distinguished Lecturer. He is also a
Guest Editor of a Proceedings of the IEEE special issue on power
grid resilience. He was the recipient of the IEEE PES Power System
Operation Committee Prize Paper Award in 2015 and the 2018 Premium
Award for Best Paper in IET Cyber-Physical Systems: Theory & Applica-
tions. He is a 2018 and 2019 Clarivate Analytics highly cited researcher
for production of multiple highly cited papers that rank in the top 1% by
citations for field and year in Web of Science.

Authorized licensed use limited to: Columbia University Libraries. Downloaded on November 17,2024 at 19:08:21 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


