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Abstract— Energy arbitrage is attracting interest of Energy
Storage Systems developers and owners to provide net revenue in
transmission and distribution systems. We have analyzed the
potential revenue of a generic Energy Storage System (ESS)
within the electricity market of PJM in 8 different locations
where such technology is already installed. We used hourly Day-
Ahead and Real-time locational marginal prices over the seven-
year period 2008-2014, assuming a price-taking dispatch with
perfect foresight. The charge-discharge profiles were optimized
to determine the minimum potential revenue for 1 MW system
for 70% round trip efficiency in those 8 locations. We performed
a sensitivity analysis to verify the dependence on rated discharge
duration and its variation over the years. We determined the
breakeven overnight installed cost below which energy arbitrage
would be profitable.
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energy storage; real-time market.
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[. INTRODUCTION

The adoption of massive energy storage systems (ESS) can
be a game changer for the grid; however, technological and
financial challenges must be overcome. There are many
possibilities to use ESS to benefit the grid operation and the
costumers in terms of reliability, cost of energy, power quality,
cutting emissions and flexibility [1]. New York State is moving
to meet 50% renewable energy by 2030 and the replacement of
old peaking plants with ESS could be a cost-effective option to
reduce emissions [2]. California is also going in this direction
to accommodate targets on renewable energies. The resiliency
against natural disaster, man-made attacks and extreme events
is a concern that the operators and the consumers will have to
deal with at increasing rates because of climate change [3],[4];
this will also accelerate the integration of ESS.

The existing and officially announced electrochemical ESS
over | MW of rated power in the United States [5] are shown
in Fig. 1. The most installed electrochemical ESS is by far the
Lithium-ion battery with 69 units; there are also five flow
batteries and 11 lead-acid batteries. The discharge duration on
rated capacity varies from few minutes to six hours. Most of
the Lithium-ion batteries are below three hours and most flow

This work was supported by Sao Paulo Research Foundation (FAPESP) —
grants #2014/05261-0 and #2017/12257-7 and the U.S. Department of Energy
Advanced Research Projects Agency—Energy award no. DE-AR0000348.

Michael J. Aziz* and William W. Hogan’

2John A. Paulson School of Engineering and Applied Sciences
3John F. Kennedy School of Government
Harvard University
Cambridge, USA
maziz@harvard.edu, william_hogan@harvard.edu

batteries are over three hours. A discharge duration around 10
hours can increase the revenue during spikes of electricity
prices in energy arbitrage [6]; however long discharge duration
is unimportant for regulation markets.
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Fig. 1. Electrochemical energy storage systems (ESS) installations over | MW
in the United States (September 2017), based on the data provided in [5].

The PJM Interconnection is one of the most successful
markets for ESS and has inspired other markets even outside
the United States [7]. However, at the beginning of 2017, PIM
put in place new rules for the frequency regulation market that
lowered revenues from $623 in 2014 to $86 today for a 20-
megawatt/S-megawatt-hour ESS [8]. In part, this change
reflects the small scale of the regulation market. By contrast,
the potential scale of energy arbitrage is larger.

In section II, the selection of the nodes and the electricity
price from 2008 to 2014 in PJM are discussed. Section III
shows the potential arbitrage revenue of ESS for a minimum
scenario of forcast in PJM wholesale markets. Section IV
presents a breakeven overnight install cost for various hours of
storage. The main conclusions are presented in section I'V.

II. SELECTION OF LOCATION WITH ESS IN PIM

We have chosen to analyze eight locations with ESS units
over 10 MW with full electricity price data from 2008 to 2014.
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A. Node Characteristics B. Real-time market (RTM)

TABLE I shows the selected nodes in PJM. We also The Real-time market (RTM) is a physical market with a 5-
included a node with high potential revenue but with only =~ minute interval price. Both Day-ahead market (DAM) and
2 MW of installed ESS for Comparison (Hagerstown)_ RTM settlements are performed on hourly—based Locational

Marginal Price (LMP), but the RTM is based on actual system
TABLE I. SELECTED NODES WITH ESS IN OPERATION. condition deviations from the Day-ahead schedule [9]. Fig. 2
- shows the RTM average LMP in PJM from 2008 to 2014, for
Node ID Location | the Node ID 1505, in Blairstown, New Jersey. We can see that
City State Zip Code | the average in 2008 were the highest.
2585 Hagerstown Maryland 21740
110 T T T T
1505 Blairstown New Jersey 7825
100 - A
3434 DeKalb Georgia 60112
QO 4
2971 McHenry County Illinois 60102 sol |
3123 Joliet Mlinois 60431 £ ol |
[N
6454 Moraine Ohio 45439 % sl ]
712 Mead Township Pennsylvania 16313 < 50 4
2196 Cumberland Maryland 21502 401 1
660 Somerset County Pennsylvania 15411 a0 ]
20
0 5 10 15 20 25
Hours (h)

.The ESS H}St?lled in these noqes are in operation and its Fig. 2. RTM hourly-based average LMP price in PJM from 2008 to 2014 in
main characteristics are presented in TABLE II. Only three of Blairstown, New Jersey.
the nine ESS first service energy arbitrage whereas four of
them first service frequency regulation, and two first service

capacity. Fig. 3 shows that very high spikes of LMP happened in

2014 that could be reflected in high potential revenues for an
ESS in the first three months of the year.

TABLE II. MAIN CHARACTERISTIC OF THE ESS IN OPERATION AT SELECTED

NODES IN PJM. 1800 ]
— 2014

Existing Energy Storage in Operation < 16007 1
Node ID Technol Rated First Servi g 1400 ,
echnology Power (kW) irst Service 2 ol |
Electric Energy E | ]
2585 Lithium-ion Battery 2000 Time Shift 3 100
(arbitrage) £ 800 ,
Open-loop Pumped Electric Energy i 600~
1505 i Stormae 400000 Time Shift s
Y g (arbitrage) 8 400¢
3434 | Lithium-ion Batte 20000 Frequency il & gg L
Y Regulation or g
. -200
2971 Lithium-ion Battery 19800 Electric S}lpply Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Capacny Month of the Year
3123 Lithium-ion Battery 19800 Freqlllen_cy Fig. 3. Classified RTM hourly-based LMP per month in PJM in 2008 and
Regulation 2014 in Blairstown, New Jersey.
6454 Lithium-ion Battery 20000 Egl‘;zz% III. POTENTIAL ARBITRAGE REVENUE IN SELECETED NODES
Omenloon Pumned Electric Energy This section covers the evaluation of the potential arbitrage
712 pgn:ir"oogm‘:;nge 440000 Time Shift revenue using a generic storage model. The maximum revenue
Y £ (arbitrage) that an ESS can obtain in the RTM is based on a price-taking
o Electric Supply model with perfect forecast method. This calculation implies
2196 Lithium-ion Battery 10000 é{:szzivte that the future price is already known or historical data can be
Loy used. We shown in [10] that the use of the DAM prices
660 Lithium-ion Battery 10400 E?‘L‘;;EZ? settlement could be used as a f.orecas.t for the dispatch ip RTM
& to achieve more revenue than is available in DAM. Using this
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approach, the ESS owner can capture between 70% and 85% of
the available revenue in the RTM.

A.  The methodology

A generic linear optimization model of price-taking ESS
considering perfect forecast for hourly-based price data were
adopted, as presented in [6],[10],[11]. A round trip efficiency
of 70% was chosen to represent the efficiency of a Flow
Battery and it can be fully discharged [12]. The charge and the
discharge rated power is 1 MW for all analyses. The price-
taking model assumes that the individual ESS has no impact on
the settlement price. Equation (1) represents the implemented
model:

T
Maprt (d, —c,)
=1

c,d,s

s, =58, +nc, —d,
d,,c, €[0,x]

s, €[0,hx]

(M

where
T: number of hours in dispatch horizon;
ps: energy price in hour t;
K: power capacity of storage device;
h: number of hours of discharge at rated power;
dy;: discharge power in hour t of storage device;
¢r: charge power in hour t of storage device;
s;: state of charge in hour t of storage device;
n: round trip efficiency of storage device.

This model provides preliminary estimates of the net
revenues that would be captured through price arbitrage. The
optimal solution always had charging and discharging at either
zero or the maximum power rate, optimal solution never had
both charging and discharging occurring in the same hour.

Direct current/alternating current (DC/AC) conversion
efficiencies are improving, and new storage technologies (for
example some Li-ion batteries, flywheels and supercapacitors)
can have high efficiency around 90% [12]. The choice of a
round trip efficiency of 70% was taken to represent a flow
battery. This value of round trip efficiency considers the pump
based on an induction motor used to make the electrolytes
circulate inside the system [12]-[14].

B. Energy arbitrage revenue

In [10], we presented a method to capture the equivalent of
more than 100% of the potential revenue opportunities in the
DAM. This method uses the DAM settlement price as a
forecast to determine the optimized dispatch, then we use the
charge and discharge schedule to participate in real-time for the
known DAM prices. This approach would be feasible under the
PJM market definition. The potential arbitrage revenue of an
ESS were evaluated encompassing 7395 nodes of PJM using
this approach for the period of 2008 to 2014.
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In Fig. 4, the curves of the average revenue of the 7-year
data encompassing 7395 nodes (or locations) for 4, 8 and 12
MWh of energy capacity are shown. The selected nodes
presented in TABLE I are included inside the curves in its
relative classified position with the other 7395 nodes.
Hagerstown and Blairstown are the two best nodes for energy
arbitrage from the selected nodes with an installed ESS.

The third node with a relative good potential is the Dekalb,
Georgia. The other nodes do not represent a significative
revenue in the period; however, it does not mean that there is
no high potential revenue in specific days. As show in Fig. 3,
there can be very high spikes on LMP in few hours and few
days that might reflect in high revenue [6].
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Fig. 4. The curves represent a yearly-based average potential arbitrage
revenue from 2008 to 2014 of a ESS with 70% round trip efficiency and 1
MW of rated power for RTM in PJM using the DAM price settlement as
forecast, encompassing 7395 nodes. The abscissa is the percentage of nodes
with revenue less than the value given by the ordinate; the values are
independently sorted.

In Fig. 5, the average potential revenue from 2008 to 2014
for the nine selected nodes is presented. The sensitivity to the
energy/power ratio can be seen. The increment in revenue for
an ESS with more than 6 MWh gets smaller for each increment
in energy capacity.
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Fig. 5. The curves represent a yearly-based average potential arbitrage revenue
from 2008 to 2014 of a ESS with 70% round trip efficiency and 1 MW of rated
power for RTM in PJM using the DAM prices settlement as forecast,
encompassing the 9 selected nodes. The abscissa is the energy capacity,
varying from 1 to 14 MWh.
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In Fig. 6 and Fig. 7, we can see the distribution per year of
revenue for the node in Hagerstown and in Blairstown,
respectively. The difference between 2008 and the second-best
year (2014) is large. Higher prices along the year have more
impact on total year revenue than very high prices in few days.
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Fig. 6. The curves represent the potential arbitrage revenue in Hagerstown from
2008 to 2014 of a ESS with 70% round trip efficiency and 1 MW of rated
power for RTM in PJM using the DAM prices settlement as forecast. The

abscissa is the energy capacity from 1 MWh to 14 MWh.
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Fig. 7. The curves represent the potential arbitrage revenue in Blairstown from
2008 to 2014 of a ESS with 70% round trip efficiency and 1 MW of rated
power for RTM in PJM using the DAM prices settlement as forecast. The

abscissa is the energy capacity from 1 MWh to 14 MWh.

IV. BREAKEVEN OVERNIGHT INSTALLED COST

We analyzed the breakeven overnight installed cost of an
ESS using the net revenue determined in section III, for the
various years and energy capacity for the selected nodes. We
adopted an approach independent of the ESS technology that
derives the net installed costs (after taxes and depreciation) to
obtain an annualized capital recovery factor (CRF) that would
return the present value of the investment over the life of the
project. The net revenues based on the analysis is compared
with the CRF [15].

Even with an approach intendent of the ESS technology,
the parameter values will differ from one technology to
another. We assume 20-year life for flow batteries [16] and no
special subsidies. The Net Operating Revenue Before
Corporate Taxes (NR) was set equal to the PJM net revenue
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analysis for the various years and locations. Using this equality,
the round trip losses, energy purchase costs and pricing
assumptions reflects the various sensitivity cases for the net
revenues.

The annual Fixed Operating and Maintenance Cost (OM)
(v) is assumed to be 2% of the initial capital costs for flow
batteries [16]. The assumptions for tax rates and related
financial parameters was based on the Annual Energy Outlook
of the Energy Information Administration [17]. All quantities
are in real terms except where specified:

i = Nominal corporate borrowing rate = 7.1%
7= Corporate tax rate = 38%
d = Share of investment financed by debt = 45%
E = Risk adjusted real return on equity = 9.3%

7 = Expected inflation rate = 2.0%

The Real Corporate Discount Rate (r') can be calculated as
in Equation (2):

F=d(i(l1-7)-m)+(1-d)E ©)

We assume 7-year depreciation as suggested in [16]. The
base case assumption for storage is no investment tax credit
(ITC), ie., pu-=0%. Considering the assumptions

presented before (0% ITC, a 20-year project life and a 15-year
tax depreciation life), the Adjusted Capital Recovery Factor
(ACRF) is equal to 8.66%, more details of the calculation can
be found in [10]. Now, the net revenue analysis can be applied
together with the ACRF to produces breakeven installed cost.

The cost is a linear combination of the marginal cost per
unit power capacity and the marginal cost per unit energy
capacity for a flow battery. We presented the overnight
breakeven installed cost in $/kWh to simplify the comparison
with other storage systems.

We performed the breakeven calculation for an ESS in
RTM with a price forecast based on the DAM, 70% round trip
efficiency, and 20-year project life for Hagerstown, Maryland
(Fig. 8), Blairstown, New Jersey (Fig. 9) and DeKalb, Georgia
(Fig. 10). The distribution of breakeven overnight installed
costs is shown with dependence on storage capacity and year.
All of Figures 8-10 indicate rapidly declining ESS breakeven
cost/kWh when the energy/power ratio increases. The returns
diminish in revenue/kWh but increases in absolute value.
However, the actual cost of flow batteries per kWh drops
markedly with increasing discharge duration by mainly
increasing the size of the electrochemical storage tanks filled
with electrolyte. For this reason, further study must be
performed to determine the ideal discharge durations. The cost
for a specific flow battery discharge duration might be inside
the range of breakeven costs before other discharge durations.

The price evolution of energy storage systems has been
dropping. However, it is still unclear when this application will
become economically viable.
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Fig. 8. Distribution of breakeven overnight installed cost for Hagerstown,
Maryland in the PJM RT-Market for an ESS vs. energy capacity (1-14 MWh)
for each of the years studied. Assumed round trip efficiency is 70% and project

lifetime is 20 years.
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Fig. 9. Distribution of breakeven overnight installed cost for Blairstown, New
Jersey in the PJM RT-Market for an ESS vs. energy capacity (1-14 MWh) for
each of the years studied. Assumed round trip efficiency is 70% and project
lifetime is 20 years.
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Fig. 10. Distribution of breakeven overnight installed cost for DeKalb, Georgia

in the PJM RT-Market for an ESS vs. energy capacity (1-14 MWh) for each of

the years studied. Assumed round trip efficiency is 70% and project lifetime is
20 years.
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V. CONCLUSIONS

In this paper, we analyzed the potential arbitrage revenue of
energy storage systems in PJM real-time markets from 2008 to
2014 for nine selected nodes. These nodes already have ESS in
operation. Perfect foresight represents an upper limit to
arbitrage revenue in the RTM and this paper provides
achievable values using the DAM as a forecast for the RTM.

The potential revenue generated by a 1-MW system with
various energy/power ratios was determined. The best
opportunities for energy arbitrage through storage in these nine
nodes were estimated for Hagerstown and Blairstown. The
results presented in Figures 8—10 shown that the breakeven
installed costs per kWh of energy capacity drop with increasing
discharge duration.

For the 2008 equivalent LMP profile in Hagerstown, the
installation of a 6-hour flow battery is profitable if the installed
cost is under about 200 $/kWh. Other years and other locations
require installed costs roughly half as large. Current ESS costs
are not low enough for profitability, but recent ESS cost
reductions are expected to continue and might bring the best
nodes into profitability in the foreseeable future.

REFERENCES

[1] Eyer, J.; Corey, G. Energy Storage for the Electricity Grid: Benefits and
Market Potential Assessment Guide; SAND2010-0815; Technical
Report for Sandia National Laboratories: Livermore, CA, USA , 2010.

[2] Silverstein, K. New York City Aims To Cut Greenhouse Gas Emissions
By Using Energy Storage, Forbes, Sep 22, 2017. Available online:
https://www.forbes.com/sites/kensilverstein/2017/09/22/new-york-city-
to-cut-greenhouse-gas-emissions-by-using-energy-
storage/#3{7a6f7e¢9135 (accessed on 28 September 2017).

[3] Z.Bie, Y. Lin, G. Li and F. Li, "Battling the Extreme: A Study on the
Power System Resilience," in Proceedings of the IEEE, vol. 105, no. 7,
pp. 1253-1266, July 2017.

[4] K. P. Schneider, F. K. Tuffner, M. A. Elizondo, C.-C. Liu, Y. Xu, D.
Ton, "Evaluating the feasibility to use microgrids as a resiliency
resource", IEEE Trans. Smart Grid, vol. 8, no. 2, pp. 687-696, Mar.
2016.

[5] US Development of Energy (DOE), Global Energy Storage Database.
Available online: http://www.energystorageexchange.org/projects
(accessed on 20 September 2017).

[6] Salles, M.B.C.; Aziz, M.J.; Hogan, W.W. Potential Arbitrage Revenue
of Energy Storage Systems in PJM during 2014. In Proceedings of the
IEEE Power & Energy Society General Meeting, Boston, MA, USA,
17-21 July 2016.

[71 William Steel, “Energy Storage Market Outlook 2017: State of Play”,
Renewable Energy World, February 2, 2017. Available online:
http://www.renewableenergyworld.com/articles/print/volume-20/issue-

1/features/storage/energy-storage-market-outlook-2017-state-of-

play.html3f7a6f7e9135 (accessed on 30 September 2017).

[8] Stephen Lacey, “New Market Rules Destroyed the Economics of
Storage in PJM. What Happened?”, Energy Storage, GTM Research,
June 21, 2017.

Available online: https://www.greentechmedia.com/articles/read/new-
market-rules-destroyed-the-economics-of-storage-in-pjm-what-
happened#gs.xqwSDcE (accessed on 30 September 2017).

[9] Andrew L. Ott, "Experience with PJM Market Operation, System
Design and Implementation", /EEE Transactions on Power Systems, vol.
18, no. 2, May 2003.

[10] Salles, M. B., Huang, J., Aziz, M. J., & Hogan, W. W. “Potential

Arbitrage Revenue of Energy Storage Systems in PIM”, Energies, v. 10,
n. 8, p. 1100, 2017.

399

San Diego, CA, USA, Nov. 5-8 2017



6th International Conference on Renewable Energy Research and Applications

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

Sioshansi, R.; Denholm, P.; Jenkins, T.; Weiss, J. “Estimating the value
of electricity storage in PJM: Arbitrage and some welfare effects.”
Energy Economics, v.31,n.2, p.269-277, 2009.

Luo, X.; Wang, J.; Dooner, M.; Clarke, J. “Overview of current
development in electrical energy storage technologies and the
application potential in power system operation.” Applied Energy, v.
137, p. 511-536, 2015.

Turker, B., Klein, S. A., Hammer, E. M., Lenz, B., & Komsiyska, L.
“Modeling a vanadium redox flow battery system for large scale
applications.” Energy conversion and management, v. 66, p. 26-32,
2013.

J. Choi, W. K. Park and I. W. Lee, "Application of vanadium redox flow
battery to grid connected microgrid energy management," 2016 IEEE
International Conference on Renewable Energy Research and
Applications (ICRERA), Birmingham, pp. 903-906, 2016.

Denholm, P.; Ela, E.; Kirby, B.; Milligan, M. “The Role of Energy
Storage with Renewable Electricity Generation”, Technical Report for
NREL: Golden, CO, USA, 2010.

Lazard. Lazard’s Levelized Cost of Storage Analysis —Version 2.0.
Auvailable online: https://www.lazard.com/media/438042/lazard-
levelized-cost-of-storage-v20.pdf (accessed on 1 September 2017).

U.S. Energy Information Administration (EIA), spreadsheet
AEO2014_financial.xls. Private communication, 2014.

ICRERA 2017

San Diego, CA, USA, Nov. 5-8 2017

400




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


