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Abstract 
 
This paper presents a power flow based approach to 
transmission fixed cost allocation problem in a pool based 
electricity market that takes into consideration N-1 secure 
annual operation. In this pricing approach, the cost of 
each facility is linked to the highest possible power flow a 
facility may face under a contingency situation in a year. 
Charges for each facility are based on the facility usage at 
that system snapshot that requests this highest possible 
maximum used capacity. Network usage is approximately 
determined by generalized distribution factors and three 
variations of the MW-Mile method for pricing counter-
flows are investigated for the proposed cost allocation 
method. The proposed cost allocation method is applied 
to the IEEE 24-bus reliability test system and compared 
with other transmission pricing methods. 
 
Introduction 
 
The fixed cost of transmission corresponds to the cost of 
operation, maintenance and depreciation of the 
transmission system. Under rate of return regulation, the 
allowed revenue of transmission owners is set equal to 
costs plus a reasonable return on the assets that can 
provide incentives for transmission reinforcements but 
does not allow utilities to over-invest. Several 
methodologies have been proposed for the allocation of 
all or part of transmission network fixed cost to 
transmission system users [1]. The embedded methods 
(postage stamp, contract path, MW-Mile) are based on the 
network usage of a wheeling transaction while the 
marginal/incremental methods are based on the additional 
cost that is caused by a specific electricity bilateral 
transaction. In a centralized/pool-based market, there are 
no (or only limited) direct transactions between producers 
and consumers. In order to use the embedded power flow 
based methods for allocating transmission cost to network 
users in pool based markets, some kind of matching 
between generators and loads should be made. This fact 

necessitates the use of approximate models, sensitivity 
indices, or tracing algorithms. Generalized distribution 
factors [2] assume that each load is assigned on a pro rata 
basis to the committed generators. Generalized 
Generation/Load Distribution Factors (GGDFs/GLDFs) 
depend on line parameters and system conditions but not 
on the reference bus location. In Bialek’s method [3], 
allocation of loads to generators is made by using the 
proportional sharing principle, while tracing method [4] is 
based on a set of definitions for domains, commons, and 
links. It is also possible to calculate equivalent 
transactions by minimizing the total MW-km covered in 
the entire system [5].  
 
Marginal pricing of transmission results from the spatial 
discrimination of spot prices (LMPs) due to losses and 
transmission constraints [6]. A constraint in a branch 
becomes active when the power flow under normal 
operation or the potential post-contingency power flow 
due to a contingent event reaches its thermal or 
temporarily admissible loading limit, respectively. 
Typical marginal revenues account for a small percentage 
of the total fixed cost, which leads to additional charges, 
called “complementary charges”, which are calculated 
using an embedded pricing method. Marginal pricing of 
transmission provides the right economic signals to 
network users for generation and transmission 
investments but is not linked to actual transmission 
infrastructure cost. 
 
The “beneficiary pays” principle is gaining more and 
more attention by the transmission network owners and 
operators. Thus, more efficient cost allocation methods 
are needed that promote better utilization of network 
assets along with incentives for demand response. Power 
flow based transmission pricing methodologies can 
approximately measure network usage and calculate use 
of system charges for network users. The use of these 
pricing methods can also promote the integration of 
renewable resources and public acceptance of new 
transmission investments. 
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In power system operation, network users are not able to 
use full capacity of the transmission facilities of the 
system due to thermal loading and power system security 
constraints. Therefore, there is always a margin left 
between actual usage and maximum capacity of the 
transmission facilities. In this paper, the possible 
maximum used capacity of a transmission facility is the 
maximum power flow the facility may face under a 
contingency situation for a certain N-1 secure system 
snapshot. This capacity is the smallest capacity a facility 
must have in order to successfully withstand any possible 
contingency in the network, for a given system state. This 
possible maximum used capacity can be also used as an 
indicator for identifying corridors that require 
reinforcement [7]. In the proposed power flow based 
pricing approach, the calculated use of system charges for 
a specific transmission facility are based on the facility 
usage at that system snapshot that requires the largest 
possible maximum used facility capacity considering 
annual system operation. Network usage is determined by 
generalized distribution factors and three variations of the 
MW-Mile (MWM) method for pricing counter-flows are 
investigated for the proposed cost allocation method. The 
three proposed pricing methods are applied on IEEE 24-
bus reliability test system and compared with other 
pricing methods. 
 
Transmission fixed cost allocation methods 
 
Allocation of transmission fixed cost to network users can 
be based on network usage of more than one system 
configurations for a certain period of time [8]. A load 
flow solution that may be representative of a certain load 
and generation pattern or an outcome of an optimal power 
flow is initially needed. The annual marginal based 
remuneration deriving from the LMPs calculation can be 
subtracted from total fixed network cost or from the fixed 
cost of the congested facilities. The remaining embedded 
transmission cost can be divided between generators and 
loads using a regulated percentage share.  
 
Postage-stamp is the most common method used by 
electric utilities. The calculated tariffs are based on 
average system costs and often include separate charges 
for peak and off-peak periods, which are usually functions 
of season, working days or holidays. The tariffs are stable 
over time but do not provide the right economic signals to 
network users. Charges are calculated taking into account 
the magnitude of the user’s transacted power in a certain 
snapshot of the system and do not reflect the actual use of 
the system. For system peak conditions, the postage stamp 
method allocates the total transmission cost to network 
users (generators and loads) as follows: 

= ⋅ t
t

peak

P
TC TC

P
    (1) 

where TCt is the cost allocated to network user t, TC is the 
total transmission cost, Pt is the power (production or 
consumption) of user t at the time of system peak, and 
Ppeak is the system peak load. 
 
In a pool market, power flow based methods calculate the 
contributions of each network user to transmission lines 
power flows by using a tracing algorithm [9] or the 
distribution factors calculated based on a pre-defined 
exchange rule between generators and loads [10]–[11]. 
After allocating power flows to network users, each 
facility’s fixed cost is allocated using the MW-Mile 
method [12]. The cost of each transmission facility can be 
allocated to users according to peak load conditions or by 
considering different system states [13]. In the original 
MW-Mile method, transmission fixed cost is allocated 
among users based on the “extend of use” of the network. 
The method ensures full recovery of network costs and 
reflects the relative usage of the whole transmission 
system MW-Miles: 
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where ck is the cost per MW per unit length of line k, Lk is 
the length of line k, MWt,k is the power flow (in absolute 
terms) in line k due to user t, T is the set of users, and K is 
the set of transmission lines.  
 
Use of system charges for network users can be calculated 
separately for each network facility based either on the 
unused (relative) transmission capacity or on the used 
capacity of the facility [1].When based on the unused 
transmission capacity, full recovery of the transmission 
fixed cost is guaranteed, while for the used transmission 
capacity methods supplementary charges usually occur. 
The charges for the allocation of this margin capacity of 
the facility can be calculated through other embedded 
methods (e.g. postage stamp, MWM). There are three 
different approaches in relation with the way users that 
cause flows opposite to the dominant flow in the network 
are charged [12]. In the unused or used absolute methods, 
charges for each network facility are calculated based on 
the magnitude of users contributions, ignoring the final 
direction of power flow on the circuit:  
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where Ck is the annual cost of facility k, Ft,k is the power 
flow on facility k caused by user t and Fmax,k is the 
capacity of facility k. If the sum of the absolute power 
flows caused by network users on a facility is greater than 
its capacity, an adjustment is made to the calculated 
charges per line in order to charge users of the facility 
exactly for its fixed cost. The reverse approach takes into 
account power contributions that are in the opposite 
direction of the net flows and charges or credits for each 
line are based on the net flows:  
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where plinek is the net flow on facility k. In the used 
reverse method there is no overcharging for any facility 
since power flows must always be within capacity limits. 
The percentage of the revenue collected from this method 
compared to total fixed cost corresponds to actual 
network capacity usage for the examined system 
configuration. In the zero counter-flow method (zcf), 
contributions opposite to the net flows are not counted. 
Users responsible for these counter-flows do not pay any 
charge (as happens in the absolute methods) and do not 
receive any credit (as happens in reverse methods): 
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Alternatively, for transmission pricing methods (5)-(8), 
counter-flows on a facility could be acknowledged only if 
the facility is loaded more or the counter-flow is greater 
than a certain percentage of its capacity. By increasing 
this threshold, charges will resemble more and more with 
the absolute methods calculated charges (3)-(4).  
 
In general, when based on the unused transmission 
capacity (relevant usage), users are forced to pay for a 
part of the transmission capacity that they do not actually 
use, since power flows are always smaller than the actual 
transmission capacity of the facilities. Moreover, unused 
methods may cause price spikes and result in greater 
charges deviations among users and among different 
system loading conditions [14]. Network charges 
calculated by the three used transmission capacity 

methods cannot always recover the whole transmission 
fixed cost. Supplementary charges need to be calculated 
by other embedded methods (e.g., postage stamp or 
MWM).  
 
Proposed method 
 
In the three MW-Mile used methods (abs_used, rev_used, 
and zcf_used), the cost of each facility is linked to its 
maximum capacity while in the three MW-Mile unused 
methods (abs_unused, rev_unused, and zcf_unused) the 
cost of each facility is linked to the sum of users 
approximate power flow contributions. In this paper, the 
cost of each facility is linked to the possible maximum 
power flow that may be transmitted through this facility 
for all contingency conditions. In this way, both security 
and transmission planning aspects are taken into 
consideration and as a result the share of each facility cost 
that is attributed to its users via a power flow method is 
increased compared to the used methods.  
 
More specifically, it is proposed that a security 
constrained optimal power flow (SC-OPF) solution [15] is 
used first to trace each user’s contribution to the line 
flows of the network. In this way, a more realistic, “N-1” 
preventive secure snapshot of the power system is used 
for allocating transmission fixed cost to actual network 
users. The tariffs can be evaluated ex-post when all the 
necessary data are available. Nevertheless, the fixed 
transmission cost could be allocated to both producers and 
consumers in a way that matches each system’s special 
characteristics. 
 
By using approximate models or tracing algorithms for 
calculating network usage in pool-based electricity 
markets, transmission use of system charges are very 
much dependent on final generation dispatch. A small 
modification in the location or the output of the 
committed generators can significantly change the 
calculated use of system charges for a given system state. 
For this reason, it is proposed the allocation of each 
facility’s fixed cost to be based on the dispatch that 
provides the largest possible maximum used capacity 
(abbreviated as pmax) for the facility, calculated over a 
yearly simulation. In that way, incentives are provided for 
both energy efficiency and demand response since each 
user’s transmission charges are calculated considering 
more than one system state and charges are still based on 
capacity (MW) usage, rather than on energy (MWh) 
consumption.  
 
More specifically: 

{ }( ) ( ) ( ) ( )
, , , ,max , , ,= ⋅⋅⋅kM 1 2 N

pmax k pmax k pmax k pmax kF F F F  (9) 
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where ( )
,

n
pmax kF  is the possible maximum used capacity of 

transmission line k under load scenario n, ( )
,

kM
pmax kF  is the 

largest possible maximum used capacity of line k 
corresponding to load scenario Mk over all N load 
scenarios. The three proposed MW-Mile approaches 
(abbreviated as abs_pmax, rev_pmax and zcf_pmax, 
respectively) are calculated by (10) to (12): 
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( )
,

kM
t kF  is the power flow on line k caused by user t under 

load scenario Mk and ( )kM
kpline  is the net flow on facility 

k at load scenario Mk . In these formulations, counter-
flows are charged (10), credited (11) or neglected (12). 
Under a different policy, counter-flows on a facility could 
be acknowledged in the transmission cost allocation 
process only if the facility is loaded more than a certain 
percentage of its installed or possible maximum used 
capacity.  
 
The possible maximum used capacity of each line for 
each load scenario is provided by (13): 

max,( ) ( ) ( ) ( )
, , , ,

max,
max( , , , ) kn n n n

pmax k k 1 k 2 k K c
k

F
F plinec plinec plinec

F
= ⋅⋅⋅ ⋅  (13) 

where ( )
,
n

k mplinec  is the power flow on line k after an 

outage on line m for load scenario n and max,
c

kF  is the 
short term emergency rating of line k. The normalization 
performed in (13) is necessary since each line usage Ft,k is 
calculated for normal conditions. It is implicitly 
considered that the ratio between short term emergency 
rating and maximum capacity remains the same for all 
possible maximum capacities of facility k. Post-
contingency power flows are one of the main indicators 
for power system secure operation and planning. In this 
paper, the power flow on a line after a contingency 
situation can be approximately calculated by using the 
LODF factors [16]: 

( ) ( ) ( )
, ,= + ⋅n n n

k m k k m mplinec pline LODF pline   (14) 

Of course it is possible to calculate the maximum possible 
used capacity for each scenario considering also the loss 
of a committed generator and/or the loss of more than one 
transmission lines. 

 
The steps of the proposed method can be summarized as 
follows: 
1. Calculate users’ contribution to each transmission 

facility for each load scenario ( )
,
n

t kF  by using the 
GLDFs and/or GGDFs distribution factors. 

2. Calculate the post contingency power flows for all K 
transmission facilities for all N load scenarios using 
(14). 

3. For each transmission facility, find the possible 
maximum used capacity for each load scenario using 
(13).  

4. For each transmission facility, find the highest 
possible maximum used capacity over all N load 
scenarios and the relative load scenario Mk that 
provides this value using (9). 

5. Calculate transmission use of system charges for each 
of the T users of the network by one of the three 
pricing methods, i.e. (10), (11) or (12), by using the 
possible maximum used capacities ( )

,
kM

pmax kF  and the 
relative load scenarios Mk for each facility k. 

 
For almost all the lines of the network, the maximum flow 
on a transmission facility under a contingency situation 
has the same direction with the power flow on the same 
facility under normal operation. If not, counter-flows are 
not acknowledged. This maximum power flow is the 
capacity that is charged to network users according to 
their relative use under normal operation. Overall, the cost 
of the used capacity of a transmission facility that 
corresponds to the power flow ( )n

kpline  under load 
scenario n and (part of) the reliability margin cost that 
corresponds to the unused capacity ( )( ) ( )

, −n n
pmax k kF pline  is 

allocated according to (10)-(12), while the cost of the rest 
of the unused transmission facility capacity is allocated to 
users by an embedded method (e.g., postage stamp). 
Instead of socializing all the cost that corresponds to the 
unused capacity of transmission facilities, a higher share 
of transmission fixed cost is allocated to users according 
to the proposed power flow based cost allocation method. 
Figure 1 shows schematically the possible maximum used 
capacities of a transmission facility k for each simulated 
load scenario { }, ,...,∈n 1 2 N . In this example, the load 
scenario that provides the higher possible maximum used 
capacity is the second ( ( )

,
2

pmax kF ) and this capacity 
corresponds to post-contingency power flow on line k 
after the loss of line 3 ( ( )

,
2

k 3plinec ). Use of system charges 
for each user t for that facility k will be calculated based 
on the second load scenario by using users’ contributions 

(2)
,t kF  to transmission facility power flow (2)

kpline . 
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Fig. 1.  Possible maximum used capacity and facility usage of 
transmission facility k for user t for each simulated load scenario n. 
 
 
Results and discussion 
 
The proposed algorithm is tested on the IEEE 24-bus 
reliability test system [17]. The generation and demand 
data are presented in Table III. It is assumed that the 
annual fixed cost of transmission lines at 138kV is 
10k$/km and at 230kV is 20k$/km. The annual fixed cost 
for each 138/230kV transformer is assumed 500k$. Total 
annual fixed cost for the 24-bus test system is $19.12 
million and it is assumed allocated only to consumers. 
The radial line connecting nodes 7 and 8 is replaced by 
two parallel transmission lines having overall the same 
electrical and cost characteristics as the original one. In 
comparison with the results presented in [18], hydro units 
at node 22 are offered at 21$/MWh while in [18] these 
units were offered at 24$/MWh.  
 
 
 

TABLE I 
LOAD DURATION AND MEAN LOAD FOR EACH SIMULATED LOAD 

SCENARIO FOR THE IEEE 24-BUS RELIABILITY TEST SYSTEM 
 

Load 
Scenario  

(n) 

% Peak 
Load 

Duration  
(h) 

Weighted Mean 
Load 

(% Peak Load) 

(1) 100 2 100 

(2) [90-100) 118 92.51 

(3) [80-90) 968 83.85 

(4) [70-80) 1442 74.95 

(5) [60-70) 2034 64.82 

(6) [50-60) 1876 54.65 

(7) [40-50) 1977 45.50 

(8) [30-40) 319 37.80 

 
TABLE II 

MAXIMUM AND POSSIBLE MAXIMUM USED CAPACITY FOR THE 
IEEE 24-BUS RELIABILITY TEST SYSTEM 

 

Line From 
Bus 

To 
Bus

Power Flow 
at Peak Load  

(MW) 

Maximum 
Capacity 

(MW) 

Possible 
Maximum 

Used Capacity 
at Peak Load 

(MW) 

Possible Maximum 
Used Capacity Over 
all Load Scenarios 

(MW) (n) 

1 1 2 14.27 175 70.96 90.1 (3) 
2 1 3 -21.67 175 45.72 89.73 (3) 
3 1 5 51.40 175 65.13 67.67 (2) 
4 2 4 27.12 175 58.86 58.86 (1) 
5 2 6 42.15 175 108.18 108.18 (1) 
6 3 9 28.15 175 101.94 110.25 (3) 
7 3 24 -229.81 400 229.81 264.2 (3) 
8 4 9 -46.88 175 58.93 89.21 (3) 
9 5 10 -19.60 175 56.48 91.55 (3) 
10 6 10 -93.86 175 108.18 109.58 (3) 
11 7 8 -24.50 87.5 38.98 64.45 (5) 
12 7 8 -24.50 87.5 38.98 64.45 (5) 
13 8 9 -121.62 175 175 175 (1) 
14 8 10 -98.38 175 175 175 (1) 
15 9 11 -148.61 400 157.05 168.55 (3) 
16 9 12 -166.74 400 167.98 167.98 (1) 
17 10 11 -194.35 400 213.31 226.62 (3) 
18 10 12 -212.49 400 217.25 227.02 (3) 
19 11 13 -175.55 500 285.05 285.05 (1) 
20 11 14 -167.41 500 233.24 315.49 (4) 
21 12 13 -143.59 500 224.74 224.74 (1) 
22 12 23 -235.64 500 274.69 326.02 (4) 
23 13 23 -184.14 500 260.72 337.6 (4) 
24 14 16 -361.41 500 388.44 442.12 (3) 
25 15 16 59.73 500 286.04 340.99 (3) 
26 15 21 -225.77 500 306.80 328.32 (3) 
27 15 21 -225.77 500 306.80 328.32 (3) 
28 15 24 229.81 500 273.39 312.93 (3) 
29 16 17 -315.45 500 329.42 360.25 (3) 
30 16 19 68.78 500 254.61 311.99 (3) 
31 17 18 -175.27 500 219.76 286.06 (8) 
32 17 22 -140.19 500 240 240 (1) 
33 18 21 -54.14 500 83.08 104.57 (8) 
34 18 21 -54.14 500 83.08 104.57 (8) 
35 19 20 -56.11 500 86.39 115.74 (8) 
36 19 20 -56.11 500 86.39 115.74 (8) 
37 20 23 -120.11 500 181.52 181.52 (1) 
38 20 23 -120.11 500 181.52 181.52 (1) 
39 21 22 -159.82 500 240 240 (1) 



 

 
TABLE III 

GENERATORS AND PEAK LOAD DATA FOR THE
RELIABILITY TEST SYSTEM 

 

Node 

Production Units 

Name 
Installed 
Capacity 

(MW) 

Generators 
Max            Min 

(MW)         
(MW) 

Offer
($/MWh

1 G1 40 2×20 2×16 71 
1 G2 152 2×76 2×15.2 24 
2 G3 40 2×20 2×16 71 
2 G4 152 2×76 2×15.2 24 
3 - - - - - 
4 - - - - - 
5 - - - - - 
6 - - - - - 
7 G5 300 3×100 3×25 34 
8 - - - - - 
9 - - - - - 

10 - - - - - 
11 - - - - - 
12 - - - - - 
13 G6 591 3×197 3×68.95 33 
14 - - - - - 
15 G7 60 5×12 5×2,4 41 
15 G8 155 1×155 1×54.25 20 
16 G9 155 1×155 1×54.25 20 
17 - - - - - 
18 G10 400 1×400 1×100 10 
19 - - - - - 
20 - - - - - 
21 G11 400 1×400 1×100 10 
22 G12 300 6×50 6×0 21 
23 G13 310 2×155 2×54.25 20 
23 G14 350 1×350 1×140 19 
24 - - - - - 

Sum 3405   S

 
Table I shows the load duration [17] and
load for each of the eight load scenarios 
24-bus test system. Different scenar
generation availability for each load leve
used in order to represent annual system o
II presents the power flows resulting from
the peak load scenario in conjunction w
possible maximum used capacity of the tra
and the relevant load scenario (n), as calc
order to have a more realistic view of
generators topology, technical minimum o
is taken into account and spinning reser
largest committed generator must always
the system.  
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E IEEE 24-BUS 

Demand 

r 
h) Name 

Peak 
Load 
(MW) 

D1 108 
  

D2 97 
  

D3 180 
D4 74 
D5 71 
D6 136 
D7 125 
D8 171 
D9 175 
D10 195 

- - 
- - 

D11 265 
D12 194 
D13 317 

  
D14 100 

- - 
D15 333 
D16 181 
D17 128 

- - 
- - 
- - 
  
- - 

Sum 2850 

d the simulation 
representing the 

rios concerning 
el could be also 
operation. Table 

m the SC-OPF for 
with the highest 
ansmission lines 
ulated by (9). In 

f the committed 
of the generators 
rve equal to the 
s be available in 

Fig. 2.  Consumer annual fixed cost charge
used and the possible maximum used capac
reliability test system. 
 
The N-1 security criterion impo
resulting power flows of lines 13 
line loading for the first three load 
result, the possible maximum used
for the three load scenarios eq
capacity. As Table II shows, only f
transmission lines of the netwo
possible maximum used capacity
scenario (n=1). If transmission c
based on the abs_used (4), the 
zcf_used (8) MW-Mile methods, 
fixed transmission cost that is a
facility usage for the peak load sce
and 53.7%, respectively. By usi
allocation methods (10)-(12), a hig

 

 
es per peak load based on the 
city methods for IEEE 24-bus 

ses constraints on the 
and 14 that limit their 
scenarios (n=1-3). As a 

d capacity of these lines 
quals their maximum 
for the 11 out of the 39 
ork the corresponding 
y occurs at peak load 
charges are calculated 
rev_used (6), and the 
the percentage of total 

allocated based on the 
enario is 68.4%, 35.3% 
ing the proposed cost 

gher share of each line’s 



 

annual cost is allocated based on the po
methods and less supplementary charg
calculated. Moreover, the annual cost of
divided among users according to the re
the load scenario that secure system opera
highest possible used facility capacity.   
 
Figure 2 shows the transmission charge
obtained by the postage stamp, the used M
proposed possible maximum used MW-M
each demand node. All supplementary ch
calculated by the postage stamp method 
charges are considered to correspo
transmission capacity due to oversize
transmission investments. In all pro
methods, the general trend of charges (
with lower voltage levels located fa
generation) calculated by the relative used
followed, but the differences among ch
intense. In the abs_pmax method, 90.5% o
cost is allocated using (10) while supplem
(abbreviated as supp_abs_pmax) recover t
most of the facilities, over-recovery of th
accomplished using (10) and an adjustm
made to calculated users charges. In rev
69% of total fixed cost is allocated usin
zcf_pmax method, 85.4% of total fixed c
using (12). In Fig. 3, final fixed cost alloc
supplementary charges) for four indicative
system is illustrated by using the pro
original zero counter-flow MW-Mile meth
that the actual beneficiaries from the insta
each line are charged more for the fixed 
compared to the original MW-Mile meth
17, 23, and 35, cost allocation process wa
scenarios 1, 3, 4, and 8, respectively.  
 
In general, by using the generalized dist
contributions for each transmission facili
for almost all users of the system. Howev
are very sensitive to system operating con
produce different results for different oper
Absolute methods do not take into co
direction of each user’s contribution an
over-recovery of a facility’s fixed cost. Ze
methods provide a satisfactory remun
transmission owner, while incentivizing 
counter-flows without crediting any usage
as the reverse methods do. Nevertheles
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After the installation of the new line, the congestion 
revenue resulting from the marginal pricing of 
transmission is zero and consumers at nodes 7 and 8 face 
lower LMPs and less energy costs. The presented method 
can be used for allocating the fixed cost of a new 
transmission investment to its identified users, following 
the “beneficiary pays” principle.  
 
Conclusion 
 
In a deregulated environment, transmission use of system 
charges should reflect the actual needs of the transmission 
system. Power flow based cost allocation methods are 
consistent with the “beneficiary pays” principle. In this 
paper, a MW-Mile transmission fixed cost allocation 
method is presented that is based on secure annual system 
operation of pool based electricity markets. The fixed cost 
of each facility is linked to the higher possible power flow 
the facility may face under a contingency situation in a 
year and can be allocated separately to facility users by 
using an approximate tracing method. The three variations 
on counter-flow pricing of the presented cost allocation 
method are tested on IEEE 24-bus test system considering 
the SC-OPF results of eight load scenarios representing 
annual system operation. The presented pricing methods 
take implicitly into consideration the N-1 security 
criterion that drives both transmission planning and power 
system operation and can reward users that tend to reduce 
the probability of a congestion incident in a facility.  
 
 
References 
 
[1] M. Shahidehpour, H. Yamin, and Z. Li, Market operations in 

electric power systems: forecasting, scheduling and risk 
management. New York: J. Wiley & Sons, 2002. 

[2] H. Rudnick, R. Palma, and J. E. Fernandez, "Marginal pricing and 
supplement cost allocation in transmission open access," IEEE 
Trans. Power Systems, vol. 10, no. 2, pp. 1125-1132, May 1994. 

[3] J. Bialek, “Tracing the flow of electricity,” Proc. IEE Gener. 
Transm. Distrib., vol. 143, no. 4, pp. 313–320, July 1996. 

[4] G. Strbac, D. Kirschen, and S. Ahmed, “Allocating transmission 
system usage on the basis of traceable contributions of individual 
generations and loads to flows,” IEEE Trans. Power Syst., vol. 13, 
no. 2, pp. 527–534, May 1998. 

[5] P. Barcia and R. Pestana, “Tracing the flows of electricity,” Int. J. 
Electr. Power Energy Syst., vol. 32, no. 4, pp. 329–332, May 2010. 

[6] F. Schweppe, M. Caramanis, R. Tabors, and R. Bohn, Spot Pricing 
of Electricity. Boston, MA: Kluwer, 1988. 

[7] G. A. Orfanos, P. S. Georgilakis, N. D. Hatziargyriou, “A 
recursive harmony search algorithm for security constrained 
transmission expansion planning,” Proc. IEEE Grenoble 
PowerTech 2013, Grenoble, France, June 2013. 

[8] M. Pantos and F. Gubina, “Ex-ante transmission-service pricing 
based on load-flow patterns,” IEEE Trans. Power Syst., vol. 19, 
no. 2, pp. 796–801, May 2004. 

[9] J. Bialek, “Topological generation and load distribution factors for 
supplement charge allocation in transmission open access,” IEEE 
Trans. Power Syst., vol. 12, no. 1, pp. 52–60, Aug. 1997. 

[10] F. D. Galiana, A. J. Conejo, and H. A. Gil, “Transmission network 
cost allocation based on equivalent bilateral exchanges,” IEEE 
Trans. Power Syst., vol. 18, no. 4, pp. 1425–1431, Nov. 2003. 

[11] A. J. Conejo, J. Contreas, D. A. Lima, and A. Padilha-Feltrin, “Z-
bus transmission network cost allocation”, IEEE Trans. Power 
Syst., vol. 22, no. 1, pp. 342–349, Feb. 2007. 

[12] Z. Jing, X. Duan, F. Wen, Y. Ni, and F. F. Wu, “Review of 
transmission fixed cost allocation methods,” in Proc. IEEE Power 
Eng. Soc. General Meeting, Toronto, Canada, 2003. 

[13] G. Strbac, D. Kirschen, and S. Ahmed, “Allocating transmission 
system usage on the basis of traceable contributions of individual 
generations and loads to flows,” IEEE Trans. Power Syst., vol. 13, 
no. 2, pp. 527–534, May 1998. 

[14] G. Orfanos, G. Tzasiou, P. Georgilakis, and N. Hatziargyriou, 
“Evaluation of transmission pricing methodologies for pool based 
electricity markets,” in Proc. IEEE PowerTech Conf., Trondheim, 
Norway, 2011. 

[15] P. N. Biskas and A. G. Bakirtzis, “Decentralised security 
constrained DC-OPF of interconnected power systems,” Proc. IEE 
Gener. Transm. Distrib., vol. 151, no. 6, pp. 747-754, 2004.  

[16] R.D. Christie, B.F. Wollenberg, and I. Wangensteen, 
“Transmission management in the deregulated environment,” in 
Proc. IEEE, vol. 88, no. 2, pp. 170–195, 2000. 

[17] Reliability Test System Task Force of the Application of 
Probability Methods Subcommittee, “IEEE Reliability Test 
System,” IEEE Trans. Power App. Syst., vol. 98, no. 6, Nov.-Dec. 
1979. 

[18] G. A. Orfanos, P. S. Georgilakis, and N. D. Hatziargyriou, “A 
more fair power flow based transmission cost allocation scheme 
considering maximum line loading for N-1 security,” IEEE Trans. 
Power Syst., article in press. 

 



<<
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /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
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


