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Abstract—The increasing use of distributed energy
resources in distribution networks and introduction of
microgrids have activated distribution networks. The
conventional procedures of power system operation in which
transmission and active distribution grids are considered
separately are not appropriate for future power systems. It is
necessary to consider elements of active distribution networks
and microgrids in power system operation optimization to have
an economical use of the power system. However, this problem
cannot be solved in a centralized manner due to computational
and communication requirements. In this paper, day-ahead
electricity market optimization with considering active
distribution networks and microgrids is decomposed into three
levels of transmission, distribution, and microgrid. In the
obtained tri-level model, the coordination among operators is
carried out through exchanging local marginal prices,
distribution local marginal prices and boundary power of
active distribution networks and microgrids. Each operator
attempts to minimize the costs of the entity under its
supervision. Convergence and optimality of the proposed
method have been shown with its implementation on the
modified IEEE RTS 24-bus. Moreover, Robustness of the
proposed method to the change of different parameters has
been shown through a sensitivity analysis.

Keywords— active distribution grid, decentralized operation,
microgrid

I. NOMENCLATURE

A. Sets

T Set of scheduling horizon

N ZZZ Set of all transmission buses

N Set of tr'ansrr}iss'ion 'bounc.iary buses that connected
Bbus to an active distribution grid (ADG)

N 1?:@ Set of all transmission lines

N:Zl’k Set of the nodes of ADG &

Nk Set of the bogndary nodes of ADG £ that connected
Bbus to an microgrid (MG)

Nf:e’k Set of all lines of ADG k
dis k

Set of energy storage systems (ESSs) of ADG &

%]

Set of the distributed generations for [=G/ renewable

mg e generations for [=R/ ESSs for [=S/ curtailable loads

1 for [=C/ deferrable loads for =D/ uncontrollable
loads for I=L of MG e

B. Parameters

PLT; Uncontrollable load of transmission bus u at hour ¢

GSF™ Generation shift factor for transmission bus u on
!-u  transmission line /

L'lm"x Transmission capacity of line /
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s Uncontrollable load of distribution node a of ADG
at k at hour ¢

PRk Generation power of the renewable generation at
at distribution node a of ADG k at hour ¢

di?,k . . . . .
GSE._u Generation shift factor for distribution node a on
distribution line » in ADG &

dis Jk Energy upper bound of the deferrable load that is
a,max connected to node a of ADG k

PL:"‘?’ “ Uncontrollable load v of MG e at hour ¢
PR"€ Generation power of the renewable generation g of
9+ MG e at hour ¢
Eree Energy upper bound of the deferrable load d of MG
d ,max e
a Bid function coefficient of the unit at transmission

ust bus u at hour ¢
b Bid function coefficient of the unit at transmission
ust bus u at hour ¢

C. Variables

PG ™ Generation power of the unit at transmission bus u at
it hour ¢
PR Boundary power that ADG k& demand from
k.t transmission network at hour ¢
Generation power of the distributed generation for

préisk I=G/ charge or discharge power of the ESS for =S/
at curtailable load for I=C/ Deferrable load for I=D, at
distribution node a of ADG £ at hour ¢
ES j‘i;‘k Energy stored in ESS s of ADG k
PB "¢ Boundary power that MG e demand from related
et distribution grid at hour ¢
Generation power of the distributed generation for
pree I=G/ charge or discharge power of the ESS for =S/
it curtailable load for I=C/ Deferrable load for I=D,
element i of MG e at hour ¢
ES :;g “ Energy stored in ESS s of MG e

II. INTRODUCTION

Economic, environmental and technical challenges have
led to activation of distribution grids and introduction of
microgrids (MGs). These changes resulting in numerous
advantages for the power system performance in term of
technical and  economic  issues [1,2].  Despite
abovementioned benefits, these changes have resulted in
some operational issues in power systems [3]. Ignoring
active distribution grids (ADGs) and MGs generation
resources in operation optimization of power system results
in uneconomical operation. Additionally, generation and load
balance issue due to an error in ADGs and MGs load forecast
are some of operational issues. To cope with these issues,
traditional separate scheduling of transmission and
distribution grid must be changed and a cooperation is



required between operators of transmission system, ADGs
and MGs.

One major problem of power system operation is day-
ahead electricity market scheduling [5]. In the conventional
day-ahead electricity market optimization, distribution
networks are assumed as a forecasted load that is
contradicted by the active nature of ADGs. In order to have
maximized economic efficiency and to solve technical issues
regarding MGs and activation of distribution grids, cost
functions and constraints related to elements of ADGs and
MGs should be considered in day-ahead electricity market
optimization. Considering elements of ADGs and MGs result
in maximum distributed energy resources (DERs) utilization.
Due to following reasons, solving this problem in a
centralized manner is not possible: i) the computational
burden of the problem because of numerous components of
the system [6]; ii) centralized operation demands expensive
communication infrastructures, connecting all components in
a wide geographical region to a control center; iii)
distribution and transmission systems are controlled by
different operators and have limited data exchange for
privacy reasons. Furthermore, there may exist several private
MGs within a distribution network which have no desire to
share their data with distribution/transmission system
operators. Thus, it is mandatory to operate power system in a
decentralized manner.

In [7, 8], a scheduling is employed for a distribution
network and the connected MGs. In these papers, once
electricity market closes and local marginal prices (LMPs)
appear, scheduling process initiates for distribution system
and connected MGs. Having no cooperation between
distribtion system operator (DSO) and independent system
operator (ISO) leads to a difference between the forecasted
power of each distribution system by ISO and the required
power of each distribution system from transmission system
after completed scheduling process [9]. References [10-13]
address coordinated operation of the transmission and
distribution systems. However, these papers do not consider
independence of microgrid operators (MGOs) in scheduling
their own resources. In [11], a method is proposed to solve
economic dispatch problem in two transmission and
distribution level based on optimality condition
decomposition (OCD) method. This approach that was
proposed first in [14] is based upon similar data exchange
between different computational units with similar nature.
Therefore, in [11], this approach is referred to as
homogenous decomposition method. Transmission system
considers a distribution system as a load; while, each
distribution system sees transmission system as a power
supply source with a given price. Thus, since the way these
two systems interact with each other is different, they have
access to heterogeneous information of each other.
Considering this issue, the heterogeneous decomposition
method suggested in [11] is considered as a suitable method
for power system scheduling along with integrated
constraints and details of ADGs. Moreover, the method is
asynchronous, which is suitable for practical implementation
with lower information exchange, resulting in a reduced cost
of telecommunication equipment compared to most of the
reported methods. Furthermore, in [15], the overall
convergence of this method is validated based on calculating
the estimation of LMPs.

The need for separate electricity market on distribution
level is discussed in [16]. In [17], conventional price-based
scheduling and market-based scheduling are compared and
the advantages of the latter are mentioned. One of the
reasons suggested for market-based scheduling is that the
active participation of price-sensitive loads in the price-based
market leads to uncertainty in load profile [17]. Load profile
uncertainty has increased the need for ancillary services,
imposing added costs to the power system. In addition,
increased distributed generation (DG) penetration and MGs
endanger reliability of the distribution systems [18]. The
market-based approach allows MGOs to schedule their own
resources. However, they oblige to consume power based on
their bid otherwise they will be panelized. Therefore, this
approach leads to uneconomical power system operation.

In this paper, first day-ahead electricity market
scheduling considering all power generation resources in
transmission network, ADGs and MGs is modeled as a single
optimization problem. Then day-ahead electricity market
scheduling is decomposed into three sets of optimization
problems using heterogeneous OCD method. The first level
set consists of optimization problem of ISO, the second level
set consists of optimization problems of DSOs, and the third
level set consists of optimization problems of MGOs. The
optimization problems are solved by an iterative method. In
each iteration, limited information is exchanged between
operators of consecutive levels. In this approach operators
are independent in terms of decision-making and the
confidential data of each grid is also preserved.
Additionally, the components of ADGs and MGs such as
deferrable loads, curtailable loads, and ESSs are included in
this model. The simulations show that scheduling results of
the above-mentioned tri-level optimization are consistent
with those of the centralized approach with high accuracy.

The scheduling of MGs is carried out through estimating
DLMPs using sensitivity factors [15]. In the proposed
method, it is assumed that power system operator is a
minimum [SO, i.e., each generation company (GENCO)
participates in the market as a single unit and after market-
clearing it dispatches its units based on market result
considering constraints of all its generating units such as
ramp rate and minimum up/down time limits.

The rest of the paper is organized as follows: In Section
III, the model is described. Optimization problem of each
operator is described in section IV. The proposed algorithm
for solving the distributed optimization is presented in
Section V. Section VI presents simulations and discussions.
Finally, Section VII summarizes conclusions of the paper.

III. MODEL OVERVIEW

In conventional electricity market model, retailers and
DSOs are the main interfaces between GENCOs and
consumers by purchasing electricity from the wholesale
market and selling it to consumers. With the emergence of
DERs, introduction of MGs and consequently the activation
of distribution networks, it is necessary to have a model that
consider these changes to improve the economic
performance of the power system. Operating the entire
network considering the elements of MGs and ADGs by ISO
is a complex process because of a large number of them and
consequently large dimensions of the problem. In this paper,
a tri-level model is proposed for day-ahead electricity market
scheduling as presented in Fig. 1. In this model, the first



level operates the generations installed in the transmission
network, while the second level operates the generators and
loads installed in ADGs and the third level operates the
generators and loads installed in MGs. ISO, DSOs, and
MGOs are responsible for operating the generation and
consumption of their corresponding network. To achieve a
comprehensive and optimal scheduling, it is necessary to
have a coordination between every two related operators in
consecutive levels.

To solve this problem, first, the whole network
scheduling problem is decomposed into three categories of
optimizations. For this purpose, the heterogeneous
decomposition method is used [11]. Coordination between
every two related operators is carried out through the
interrelating variables. Power exchange between each two
grid, LMPs and DLMPs are used as the interrelating
variables, as shown in Fig. 1. It is necessary to exchange
interrelating variables to obtain an agreement at the end of
the scheduling process on the value of the interrelating
variables. To improve the convergence of the process, MGOs
scheduling is performed based on estimation of DLMPs [15].
In the proposed model, ISO calculates LMPs based on sales
offers from GENCOs and forecasting the power of each
distribution network. Then, MGOs and DSOs will schedule
their networks based on LMPs and inform ISO about their
power exchange. This process is carried out repeatedly until
an agreement is reached on the boundary power between ISO
and DSOs as well as between DSOs and related MGOs.

IV. MATHEMATICAL FORMULATIONS

Optimization of day-ahead electricity market considering
MGs and ADGs is an optimization with objective to
minimize total cost of ISO, DSOs, and MGOs subject to
technical constraints of all three levels. In order to solve
mentioned optimization in decentralized manner it is
decomposed in two levels. First, it is decomposed to
optimizations of ISO and distribution networks. Then,
optimizations of distribution networks are decomposed to
optimizations of DSOs and MGOs. Heterogeneous OCD
method is used for optimization decomposition. In this
section, optimization of each level of scheduling is
presented. Central optimization and decomposition process
are not presented here due to room shortage.
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Fig. 1. Proposed tri-level model for day-ahead electricity market

scheduling.

A. Level 1: Optimization of ISO

It is assumed that GENCOs present their supply
functions to ISO, while DSOs inform ISO about their
requested power for different hours of the next day. It is
assumed that the ith GENCO presents its offer to ISO as an

,tb, PG, . Then, ISO

schedules GENCOs by maximizmg the soc1a1 welfare
(minimizing the cost of purchasing electricity from GENCOs
[20]). The optimization of ISO is formulated as follows:
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Objective function (1) represents the cost of purchasing
electricity from GENCOs. Constraint (2) represents power
balance at each transmission node. Constraint (3) ensures
function of transmission lines within the allowable limits.
Constraint (4) shows the generation limits of each GENCO.

ISO calculates LMPs of hour ¢ for ADG k after the
optimization shown in (1) - (4) is solved using the following
equation:
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In the equation (5) #”" , w4\, and A", represent

lagrange multipliers of (2) and (3), respectively.

B. Level 2: Optimizations of DSOs

Each DSO aims to minimize its costs in order to
determine the amount of requested power from the
transmission network. This paper considers renewable
generations and conventional generations in ADG. The
generation cost of renewable units is considered zero, while
the cost of conventional generators is modeled by a
quadratic function. It is assumed that renewable generation
is forecasted. Each ADG can own a number of ESSs. The
cost of ESS at node a of ADG £ is considered as follows
[21]:
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The first item of the cost function (6) indicates the
degradation cost due to the amount of charge and discharge.
The second item relates to switches between charging and

discharging states. Coefficients o, , and S , are positive

constants.



Each ADG may have uncontrollable and controllable
loads. Controllable loads are divided into two categories: 1)
Deferrable loads; and 2) Curtailable loads. Curtailable loads
can be shedded to a permissible level. The cost function of
curtailable load depends on the amount of the shedded load
and for the curtailable load at node a of ADG £ is defined as
[22]:

CLA(PCh" )=, (PO ~PC,
res (7

dis ,k
Yae N

bus

In the formula (7), ¢, , is a positive constant. The

power consumption of the deferrable load can be shifted in
time. It also needs to consume a certain amount of energy
over a given time period. The cost function of deferrable
load depends on unfulfilled energy and for the deferrable
load at node a of ADG £ is defined as [22]:
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In the formula (8), ¢, , is a positive constant. The
optimization of the kth DSO is as follows:
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Objective function (9) involves the costs of ADG k. The
first fifth terms in the objective function represent the cost
of DGs, curtailable loads, deferrable loads, ESSs, and

purchasing power from the transmission network,
respectively. Constraint (10) indicates the power balance in
ADG k. Constraint (11) maintains the power passing
through distribution lines within the allowable limits.
Constraint (12) describes generation or consumption limits
of conventional units and controllable loads respectively.
Constraint (13) represents the permitted limits for the power
exchange of ADG k& with the transmission network.
Constraint (14) specifies the limits for the power exchange
of each ESS in which the positive values of PS™ " are
related to the charging state and the negative Values are
related to the discharging state of ESS. Constraint (15)
specifies the limits of the energy required for each
deferrable load. ESS capacity limit is given in constraint
(16). The amount of discharge of ESS affects their useful
life. For this purpose, the lower energy stored in ESS is

equal to the fraction of ESS capacity that is shown by DOD_

.Constraint (17) models charge and discharge of energy
in/from ESSs. Each ESS must have a minimum amount of
stored energy at the end of the scheduling period which is
considered in constraint (18)

After solving the optimization in (9) - (18) DLMP of
MG e at hour ¢ is calculated using the following equation by
related DSO.

DLMP,, =x"* + ) GSE™"x
reN g * (19)
W =5 ) Yee Nyt Vet
In the equation (19), ﬂ'd” e ,ud':tk and 4 zk represent
lagrange multipliers of constraints (10) and (11),
respectively.

C. Level 3: Optimizations of MGOs

The components of MGs are similar to ADGs with the
exception that the constraints of power lines are ignored in
this section to avoid complexity. Each MGO must specify
the amount of requested power from the respective ADG.
The optimization problem of MG e connected to ADG £ is
as follows:
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Objective function (20) indicates the costs of MG e. The

second term in the objective function (20) indicates the cost

of the requested power from the relevant ADG. According to

DLMP, each MGO informs relevant DSO about the amount
of boundary power.

V. ALGORITHM

The algorithm of the proposed tri-level method for day-
ahead electricity market scheduling is as follows:

Step 1: Initialization (z=1, y=1). First, ISO receives
sales offers from GENCOs. Each MGO estimates the
required power from the connected ADG and informs the
connected DSO of this information. Then, each DSO
computes the total required power of its grid and informs
ISO of its total required power.

Step 2: ISO solves its optimization using equations (1) -
(4). Then, LMPs are obtained according to equation (5) for
each ADG for each hour of the next day.

Step 3: Each DSO executes its optimization according to
equations (9) - (18). By solving optimization problem of
each DSO, the requested power of each ADG from the
transmission network is determined. DLMPs are calculated
using equation (19). Then, each DSO delivers obtained
DLMPs to its connected MGOs.

Step 4: Each MGO calculates the sensitivity of DLMP
to its boundary power and estimates DLMP in the
subsequent iteration using its recorded DLMPs and
boundary powers at the previous iterations [15].

Step 5: Each MGO solves its optimization using
equations (20) - (27). By solving optimization problem of
each MGO, the amount of its demanded power from the
connected ADG is achieved. Then, it is informed to the
relevant DSO.

Step 6: Each DSO checks the following conditions to
control the agreement between DSO and its MGOs:

PB(” _PB(v—l) <e,V Ndm’k,Vt T
et et ee Bbus € (28)

If conditions (28) are not satisfied, the algorithm returns
to step 3 for next iteration y=y+1, otherwise, it goes to step
7.

Step 7: ISO controls the following convergence
conditions for checking the achievement of an agreement
between ISO and DSOs:

dis .(z) dis (z -1) tran
PB " —PB <e,VkeN, et (29)

If conditions (29) are not satisfied, the algorithm returns
to step 2 for next iteration z=z+1, otherwise, the algorithm
has converged and the algorithm finishes.

V1. RESULTS AND DISCUSSION

A. Simulation Settings
In order to evaluate the performance of the proposed tri-

level day-ahead electricity market scheduling, this algorithm
is tested on the modified IEEE RTS 24-bus test system [23].
Distribution networks of 24-bus system are modified to have
distribution systems with multiple MGs, controllable loads,
and ESSs. The other related data is the same as [23]. Fig. 2
and Fig. 3 show the configuration of the two modified
ADGs and the connected MGs. Index of MGs is defined as
e € MG (k,x) which means xth MG of ADG k. The 24-bus
test system has 9 ADGs. The five first ADGs are similar to
ADG 1, shown in Fig. 2 and are connected to buses 1, 2, 3,
5, and 6 of 24-bus test system. The rest of them are like
ADG 2, shown in Fig. 3 and are connected to buses 7, 10,
13 and 19 of 24-bus test system. As shown in Fig. 2 and Fig.
3, ADGs I and 2 have DERs, constant loads, curtailable
loads, deferrable loads, ESSs, and MGs on their nodes. The
scheduling time period is 8 hours and the scheduling time
interval is 1 hour. Hourly load of 24-bus system is shown in
table 1. The share of each ADG load to the total load of
ADG is shown in Figs 2 and 3 in percentages. Data of DGs,
ESSs, and controllable loads for each ADG and MG are
provided in tables II to IV. The forecast of renewable energy
production for each ADG and MG is about 20% of the total
network load. The weighting coefficients of ESS cost

function are ¢, , = 0.05and B, « =0 Weighting coefficients

a

o and «, aresettol.
c,a d ,a

First, results of implementing the proposed method on
the modified 24-bus system are analyzed and results are
compared with those of centralized method. Then, the
sensitivity of runtime and error of scheduling to the change
of various parameters are assessed.

All simulations were implemented using GAMS on a
laptop with an Intel Core i7, 2.50 GHz processor, and an 8-
GB RAM. The solver used in the simulations is PATHNLP.
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TABLE L . HOURLY LOAD OVER 8-H HORIZON
Demand Demand Demand
Hour (MW) Hour (MW) Hour (MW)
1 1600 4 2000 7 1980
2 1430 5 2200 8 1700
3 1760 6 2300




TABLE II. DISTRIBUTED GENERATOR DATA

Entity DG Pmin Pmax a b ) c .
Mw) ~Mw) (MBtu) (MBtw/MWh) (MBtw/MW?h)
1 0 10 100 7 0.08
ADG1 2 0 16 65 3 0.03
1 5 22 140 5 0.04
ADG2 2 0 15 50 25 0.00
MG(1,1) 1 0 4 100 7 0.03
1 0 4 80 6 0.05
MG@.2) 2 0 6 100 7 0.03
MG2,1) | 0 7 30 6 0.05
1 0 8 65 3 0.03
MG2,2) 2 0 5 110 6 0.07
TABLE III. ENERGY STORAGE SYSTEM DATA
Entity DOD Pmin Pmax 77 Emax
¢ MwW) MwW) s (MWh)
ADG1 0.2 -1 1 0.95 3
ADG2 0.2 -1.3 1.3 0.95 4
MG(1,1) 0.2 -0.25 0.25 0.95 1
MG(1,2) 0.2 -0.25 0.25 0.95 1
MG(2,1) 0.2 0.7 0.7 0.95 2
MG(2,2) 0.2 -1 1 0.95 3
TABLE IV. CONTROLLABLE LOAD DATA
Curtailabl
Deferrable Load urtatiable
Load
. i Pmin Pmax
Entity Pmm Pmax Emm Emax
(MW) (MW) (MWh) (MWh) (MW) (MW)
ADG1 0 4 8 16 5.32 7.6
ADG2 0 8 16 32 5.6 8
MG(1.1) 0 0.8 1.6 3.2 1 1.6
MG(1.2) 0 1 2 4 1.5 3
MGR2.1) 0 1.6 32 6.4 15 3
MGR22) O 2 4 8 6 10

B. Simulation Results

Implementation of the tri-level scheduling on the
modified TEEE RTS 24-bus test system shows that
scheduling results are consistent with those of the
centralized approach up to three decimal points. The error,
of course, depends upon values of different parameters of
the problem. In the next section, the error sensitivity to the
change of parameters is assessed.

Consider ADG 35, scheduling of generators, loads and
ESSs of ADG 5 are shown in Fig. 4. The exchanged power
of ADG 5 with the transmission network and MGs
connected to this ADG, i.e. MG (5,1) and MG (5,2), and
LMP of the transmission bus that this ADG is connected to
are shown in Fig 5. As Figs. 4 and 5 shows, the required
power of ADG 5 and the connected MGs is mainly provided
by its local power sources. ADG 5 purchases power from
the transmission system only at hours 2 to 4, as total load of
ADG is at its highest value in this time period. MG (5,1) is
more dependent on the external power supply than MG
(5,2). However, ADG 5 is the main supplier because of the
cheaper power resources in distribution level compared to
those of transmission level. DG 2 in ADG 5, which is
located on distribution node &8, is always operated at its
maximum value due to its lower incremental cost than LMP
of ADG 5. On the other hand, DG /, which is located on
distribution node 5, is only operated at its maximum
capacity when LMP of ADG 5 increases and the load is
high, i.e. at hours 2 to 4, as shown in Fig. 4. The deferrable
load also shifts its consumption toward hours 7 and 8 when

LMP of ADG 5 and uncontrollable load are low, as shown in
Fig. 4 and Fig. 5. ESS of this ADG starts saving energy in
the early hours of the scheduling when LMP is low as
shown in Fig. 5. ESS of this ADG will discharge its energy
to compensate power shortages when ADG load increases
and its renewable energy source production decreases, i.e. at
hours 3 and 4, as shown in Fig. 4.

Consider first MG of ADG 7, which is shown by MG
(7,1). The amount of provided power for MG (7,1) from
ADG 7 and the transmission network during the scheduling
time period are shown in Fig. 6. Further, Fig. 6 illustrates
LMP of ADG 7 and DLMP of MG (7,1). It should be noted
that DLMP of MG (7,1), is equal to LMP of ADG 7 at the
entire scheduling period, and therefore all of requested
power of MG (7,1) provides from the transmission network.
However, requested power of MG (3,1) provides from ADG
3 because at most hours of the scheduling period its DLMP
is less than LMP of ADG 3. This is illustrated in the Fig. 7.

At hours 2 to 4, DGs of ADG 3 are operating at their
highest levels. And, because distribution lines are not
congested, its DLMP and LMP of ADG 3 are equal.

C. Sensitivity Analysis

The modified 24-bus network in this paper has 9 ADGs
and 18 MGs. To determine the dependency of the runtime of
tri-level scheduling method on the number of ADGs and
MGs and its error relative to the centralized method, all
ADGs and MGs are first eliminated, and then they are added
again, step by step respectively. The program runtime versus
number of ADGs and MGs are shown in Fig. 8. It should be
noted that scheduling error of the tri-level method in
comparison to the centralized method is zero up to three
decimal points by changing the number of ADGs and MGs.
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As seen in Fig. 8, after increasing the number of ADGs
more than 5, increasing rate of run time of tri-level
scheduling increases, since ADGs 6 to 9 are more dependent
on the transmission network, requiring more time for
convergence along with their MGs. Fig. 8 also shows that as
the number of MGs increases, the tri-level scheduling run-
time increases linearly approximately.

The number of outer iterations, i.e. iterations between
ISO and DSOs, when only ADGs /-5 are connected to
transmission network is five. However, the number of outer
iterations increases to eight with more than five ADGs. This
indicates that the number of iterations depends on the degree
of dependency of each ADG in transmission networks for
supplying its load. The number of inner iterations, i.e.
iterations between a DSO and its MGOs, does not change
with the number of ADGs, and the number of these
iterations depends on the structure of ADG and MG as well
as dependency of MGs load to generation of related ADGs.

VII. CONCLUSION

In this paper, day-ahead electricity market scheduling
problem is decomposed into three sets of optimizations
using heterogeneous OCD method. These three sets which
are transmission grid, ADGs, and MGs optimizations are
solved iteratively to find optimal solution. The coordination
between DSOs and MGOs is done through the exchange of
DLMP and requested power of MGs in each iteration. The
results achieved from testing the proposed method on the
modified IEEE RTS 24-bus shows that the schedule
obtained from the tri-level method is consistent with the
schedule obtained from the centralized method up to three
decimal point. The sensitivity analysis shows that runtime
and the schedule error remain within acceptable range as
number of MGs and ADGs increase.

Future studies will concentrate on use more accurate
power flow for power system scheduling. Meanwhile, future
studies will consider uncertainty in renewable generations
and load profiles.

REFERENCES

[1] M. H. Bollen and F. Hassan, Integration of distributed generation in
the power system vol. 80: John wiley & sons, 2011.

[2] A. Khodaei and M. Shahidehpour, "Microgrid-based co-optimization
of generation and transmission planning in power systems," IEEE
transactions on power systems, vol. 28, pp. 1582-1590, 2013.

[3] A. Zegers and H. Brunner, "TSO-DSO interaction: An Overview of
current interaction between transmission and distribution system

(4]

(5]
(6]

(7]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

operators and an assessment of their cooperation in Smart Grids,"
ISGAN (International Smart Grid Action Network), 2014.

A. Olson, A. Mahone, E. Hart, J. Hargreaves, R. Jones, N. Schlag, et
al., "Halfway there: Can california achieve a 50% renewable grid?,"
IEEE Power and Energy Magazine, vol. 13, pp. 41-52, 2015.

J. Zhu, Optimization of power system operation vol. 47: John Wiley
& Sons, 2015.

D. Papadaskalopoulos and G. Strbac, "Decentralized participation of
flexible demand in electricity markets—Part I: Market mechanism,"
IEEE Transactions on Power Systems, vol. 28, pp. 3658-3666, 2013.

X. Le et al., "Enabling a Transactive Distribution System via Real-
Time Distributed Optimization," in IEEE Transactions on Smart Grid,
vol. 10, no. 5, pp. 4907-4917, Sept. 2019.

Z. Wang, B. Chen, J. Wang, and J. kim, "Decentralized Energy
Management System for Networked Microgrids in Grid-Connected
and Islanded Modes," IEEE Transactions on Smart Grid, vol. 7, pp.
1097-1105, 2016.

ENTSO-E, "Towards smarter grids: Developing TSO and DSO roles
and interactions for the benefit of consumers. [Online]. Available:
https://www.entsoe.eu/Documents/Publications/Position%20papers%
20and%?20reports/150303 _ENTSO-E_Position Paper TSO-

DSO _interaction.pdf."

C. Lin, W. Wu, X. Chen and W. Zheng, "Decentralized Dynamic
Economic Dispatch for Integrated Transmission and Active
Distribution Networks Using Multi-Parametric Programming," in
IEEE Transactions on Smart Grid, vol. 9, no. 5, pp. 4983-4993, Sept.
2018.

Z. Li, Q. Guo, H. Sun, and J. Wang, "Coordinated Economic Dispatch
of Coupled Transmission and Distribution Systems Using

Heterogeneous Decomposition," IEEE Transactions on Power
Systems, vol. 31, pp. 4817-4830, 2016.

Z. Yuan and M. R. Hesamzadeh, "Hierarchical coordination of TSO-
DSO economic dispatch considering large-scale integration of
distributed energy resources," Applied Energy, vol. 195, pp. 600-615,
2017.

A. Mohammadi, M. Mehrtash, and A. Kargarian, "Diagonal Quadratic
Approximation for Decentralized Collaborative TSO+DSO Optimal
Power Flow," IEEE Transactions on Smart Grid, pp. 1-1, 2018.

A. J. Conejo, F. J. Nogales, and F. J. Prieto, "A decomposition
procedure based on approximate Newton directions," Mathematical
programming, vol. 93, pp. 495-515, 2002.

Z. Li, Q. Guo, H. Sun, and J. Wang, "A New LMP-Sensitivity-Based
Heterogeneous Decomposition for Transmission and Distribution
Coordinated Economic Dispatch," IEEE Transactions on Smart Grid,
2017.

S. Parhizi and A. Khodaei, "Investigating the necessity of distribution
markets in accomodating high penetration microgrids," in 2016
IEEE/PES Transmission and Distribution Conference and Exposition
(T&D), 2016, pp. 1-5.

S. Parhizi, A. Khodaei, and M. Shahidehpour, "Market-based vs.
Price-based Microgrid Optimal Scheduling," IEEE Transactions on
Smart Grid, vol. PP, pp. 1-1, 2016.

L. Kristov and P. De Martini, "21st century electric distribution
system operations," no. May, pp. 1-11, 2014.

E. Castillo, R. Minguez, A. Conejo, and R. Garcia-Bertrand,
"Decomposition techniques in mathematical programming," ed:
Springer Heidelberg, 2006.

A. L. Motto, F. D. Galiana, A. J. Conejo, and M. Huneault, "On
Walrasian equilibrium for pool-based electricity markets," IEEE
Transactions on Power Systems, vol. 17, pp. 774-781, 2002.

N. Li, L. Chen, and S. H. Low, "Optimal demand response based on
utility maximization in power networks," in Power and Energy
Society General Meeting, 2011 IEEE, 2011, pp. 1-8.

W. Shi, X. Xie, C.-C. Chu, and R. Gadh, "Distributed Optimal Energy
Management in Microgrids," IEEE Transactions on Smart Grid, vol.
6, pp. 1137-1146, 2015.

A. Kargarian and Y. Fu, "System of Systems Based Security-
Constrained Unit Commitment Incorporating Active Distribution
Grids," IEEE Transactions on Power Systems, vol. 29, pp. 2489-2498,
2014.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


